INTERNATIONAL ISO
STANDARD 10934

First edition
2020-08

Microscopes — Vocabulary for light
microscopy

Microscopes — Vocabulaire relatif all@/microscopie optiqlie

Reference number
1SO 10934:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=8ec533b57dbf886c6f9fd728f1fa7bbc

IS0 10934:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=8ec533b57dbf886c6f9fd728f1fa7bbc

IS0 10934:2020(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
1 S0P ... 1
2 NOITNATIVE TEECI@INCES .........occccocovoveieiesssse st 1
3 Terms aNd AefiMETIOIIS ...

3.1 Terms and definitions relating to light microscopy

3.2 Terms and definitions relating to advanced techniques in light microscopy ............c.cccccc... 44
Bibl. gl dpily ............................................................................................................................................................................................................................ 54‘
Indet ................................................................................................................................................................................................................................................ 55

© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=8ec533b57dbf886c6f9fd728f1fa7bbc

IS0 10934:2020(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

the ISO/IEC Directives, Part 1. In particular,
bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

The procedy
described i
different ty
editorial ru

Attention is|drawn to the possibility that some of the elements of this document may‘be the subjéct of
patent rights. ISO shall not be held responsible for identifying any or all such patént-rights. Detalils of
any patent rjights identified during the development of the document will be in the)Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation of the voluntary nature of standards, the imeaning of ISO specific termq and
expressions| related to conformity assessment, as well as information about ISO's adherence tp the
World Tradg Organization (WTO) principles in the Technical Bavriers to Trade (TBT), see www.isoforg/
iso/foreword.html.

This documgnt was prepared by Technical Committee {SO/TC 172, Optics and photonics, Subcomnjittee
SC 5, Microsgopes and endoscopes.

This first edition cancels and replaces ISO 10934-1:2002 and ISO 10934-2:2007, which have |been
combined and technically revised.

The main changes compared to the previous edition are as follows:
— update pfthe title;

— added new terms for lightniicroscopy: focal length of normal tube lens, objective field number,
pixel, pikel size, Airy uniyexcitation wavelength, excitation wavelength band, detection wavelgngth
band, OSTD added as-hew terms;

— added new termis(for advanced techniques in light microscopy: coherent anti-stokes Raman
scattering mieroscopy, stimulated Raman scattering microscopy, structured illuminption
microsdopy; stuper-resolution microscopy, localization microscopy, stimulated emission deplgtion
microsdopy, super-resolution structured illumination microscopy, light sheet microscopy, djgital
holograpiic Ticroscopy, optical CONErence microscopy;

— terms amended: diffraction limit of resolving power, resolution;
— editorially revised.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Microscopes — Vocabulary for light microscopy

1 Scope

This document specifies terms and definitions to be used in the field of light microscopy and advanced
techniques in light microscopy.

2 lLIormative references

Ther]

For t

ISO 4

3.1

3.1.1
Abbyg
devi
objed

Note
corre
form
allow
wedg
the c

3.1.2
Abbg
expld

Note

e are no normative references in this document.

Terms and definitions

he purposes of this document, the following terms and definitions‘apply.
nd IEC maintain terminological databases for use in standardization at the following ¢
SO Online browsing platform: available at https://www.iSo:0rg/obp

EC Electropedia: available at http://www.electropedia:org/

Terms and definitions relating to light microscopy

e test plate
e for testing the chromatic (3.1.4:2) and spherical aberration (3.1.4.7) of microsc
tives (3.1.106)

1 to entry: When testing for sphérical aberration, the cover glass thickness for which the obj

ddresses:

ppe (3.1.99)

ective is best

cted is also found. The test plate consists of a slide on which is deposited an opaque metal layer in the

of parallel strips arranged-in_groups of different width. The edges of these strips are irregular
the aberrations to be judged more easily. In its original and most common form, the slide is c
e-shaped cover glass,.the increasing thickness of which is marked on the slide. Additional ver
ver glass and/or with-reflective stripes are also in use.

e theory ofitnage formation
ination of the mechanism by which the microscope (3.1.99) image (3.1.75) is formed

1 todentry: It assumes coherent illumination and is based on a three-step process involving dif

y serrated to
vered with a
ions without

fraction.

a) |
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b) Second step: the objective collects some of the diffracted beams and focuses them, according to the laws of
geometrical optics, in the back focal plane of the objective to form the primary diffraction pattern of the object.

c¢) Third step: the diffracted beams continue on their way and are reunited; the result of their interference is
called the primary image of the microscope.

This explains the necessity for the maximum number of rays diffracted by the object to be collected by the
objective, so that they may contribute to the image. Fine detail will not be resolved if the rays it diffracts are not
allowed to contribute to the image.

© ISO
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3.1.3
aberration

:2020(E)

<material and geometric form> deviation from perfect imaging by an optical system, caused by the
properties of the material of the lenses (3.1.87) or by the geometric forms of the refracting or reflecting

surfaces

3.1.4
aberration

<optical system> failure of an optical system to produce a perfect image (3.1.75)

3.14.1

astigmatism

aberration (|
optical axis

3.1.4.2

3.1.4) which causes rays in one plane containing an off-axis object (3.1.104) pointan
3.1.107) to focus at a different distance from those in the plane at right angles tofit

chromatic aberration

aberration (|

3.1.4) of a lens (3.1.87) or prism (3.1.119), due to dispersion (3.1.47) by the material

which it is

Note 1 to e

materials ofll

3.14.2.1

ade

nkry: This defect may be corrected by using a combination of lensessmade from glasses or

ifferent dispersion.

axial chromatic aberration

aberration (|
the optical a

3.1.4.2.2

3.1.4) by which light (3.1.88) of different wavelengths’'is focused at different points :
xis (3.1.107)

lateral chromatic aberration

chromatic d
aberration (}
they may be

3.14.3
coma
aberration (

ifference of magnification
B.1.4) by which the images (3.1.75) formed by light (3.1.88) of different wavelengths, alth|
brought to the same focus (3.1.65)-ifi the optical axis (3.1.107), are of different sizes

3.1.4) in which the image.(3/1.75) of an off-axis point object (3.1.104) is deformed so thg

image is shaped like a comet

3.1.4.4

curvature of image field

aberration (

Note 1 to enf
large numerf
correction.

3.1.4) resultifgin a curved image field (3.1.54.4) from a plane object field (3.1.54.5)

ry: Curvature of the image field is particularly obvious with objectives of high magnificatio
cal aperfure, which have a restricted depth of field. It may largely be eliminated by addif

d the

from

other

nlong

ough

tthe

n and
ional

3.1.4.5
distortion

aberration (3.1.4) in which lateral magnification (3.1.90.8) varies with distance from the optical axis
(3.1.107) in the image field (3.1.54.4)

3.1.4.51

barrel distortion

negative dis

tortion

difference in lateral magnification (3.1.90.8) between the central and peripheral areas of an image
(3.1.75) such that the lateral magnification is less at the periphery

EXAMPLE

A square object in the centre of the field thus appears barrel shaped (i.e. with convex sides).

© IS0 2020 - All rights reserved
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3.1.4.5.2

pincushion distortion
positive distortion
difference in lateral magnification (3.1.90.8) between the central and the peripheral areas of an image
(3.1.75) such that the lateral magnification is greater towards the periphery

EXAMPLE

3.1.4.6

mon

ochromatic aberrations

A square object in the centre of the field thus appears pincushion shaped (i.e. with concave sides).

collective term for all aberrations (3.1.4) outside the Gaussian space which appear for monochromatic
(3.1.}232 HHight{3-1-88)

Note
imag

1 to entry: The monochromatic aberrations are: spherical aberration, coma, astigmatism,
b field and distortion.

3.1.4.7
spherical aberration

aber

ration (3.1.4) resulting from the spherical form of the wavefront arising from an obj

point on the optical axis (3.1.107), on its emergence from the optical system

Note
to th
optic
by th

3.1.5
achr
<lenf
wave

EXAN

3.1.6
achr
<mid
COIT¢
aren

EXAN

Note
astig

3.1.7
Airy|
imay|
(3.1

b axis, or rays entering the lens parallel to the optical axis but at.differing distances from it,
hl axis in the image space before (undercorrection) or behind (evercorrection) the ideal image
b paraxial rays.

omat

lengths

omat

hinimized for one otherwavelength which is usually about 550 nm

1 to entry: This\term does not imply any degree of correction for curvature of image fie
matism are minintized for wavelengths within the achromatic range.

pattern
e (3¢1/5) of a primary or secondary point source (3.1.135.1) of light (3.1.88) which, due

curvature of

bet (3.1.104)

1 to entry: As a consequence, the rays emanating from an object point'on the optical axis at different angles

intersect the
point formed

element> lens (3.1.87) in which the axial chromatic aberration (3.1.4.2.1) is correqted for two

(PLE Usually the correction is made fort@wavelength below 500 nm and for a wavelength apove 600 nm.

roscope objective> microscope’(3.1.99) objective (3.1.106) in which chromatic aberration (3.1.4.2) is
bcted for two wavelengths-and spherical aberration (3.1.4.7) and other aperture-depen

dent defects

(PLE Usually the-cerrection is made for a wavelength below 500 nm and for a wavelength apove 600 nm.

d; coma and

o diffraction

L 1) at a circular aperture (3.1.10) of an aberration-free lens (3.1.87), takes the form of a bright disc

surrounded by a sequence of concentric dark and bright rings

3.1.71

Airy

disc

diffraction disc
central area bounded by the first dark ring of the Airy pattern (3.1.7)

Note

© ISO

1 to entry: The Airy disc contains 84 % of the energy of the Airy pattern.
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3.1.7.2
Airy unit
AU

:2020(E)

diameter of the theoretical first minimum of the Airy pattern (3.1.7) in the low numerical aperture
(3.1.10.4) approximation

A
Note 1 to entry: AU=1,22
NA

Tef

Where A, is the reference wavelength and NA the numerical aperture.

3.1.8

anisotropic

having a nop-uniform spatial distribution of properties

Note 1 to en
properties w

3.19
apertometg
device for m

3.1.10
aperture
area of a len

Note 1 to ent

3.1.10.1

angular ap
<microscop
(3.1.54.5) o
working pos

Note 1 to ent
side, image si

3.1.10.2
condenser

illuminating aperture

aperture (3.]
diaphragm (|

3.1.10.3
imaging ap
aperture (3.]

try: In polarized light microscopy, this usually refers to the preferential orientdtion of o
th respect to the vibration plane of the polarized light.

1y
easuring the numerical aperture (3.1.10.4) of microscope (3.1.99) objectives (3.1.106)

5 (3.1.87) which is available for the passage of light (3.1.88)

Fy: In microscopy, it is usually expressed as the numerical*aperture.

erture

> maximum plane angle subtended by.a lens (3.1.87) at the centre of an object
- image field (3.1.54.4) by two opposite(marginal rays when the lens is used in its co
ition

'y: The term may be qualified by the side of the lens to which it refers (e.g. object side, illumin
de).

hperture

[.10) of the illuminating system which is defined by the diameter of the illuminating ape
3.1.38.6)

erture
|.10) of'the imaging system

Note 1 to ent

'y~ The imaging aperture is generally defined by the numerical aperture of the objective.

btical

field
rrect

ation

rture

3.1.104

numerical aperture

NA

number originally defined by Abbe for objectives (3.1.106) and condensers (3.1.28), which is given by the
expression n sin u, where n is the refractive index (3.1.125) of the medium between the lens (3.1.87) and
the object (3.1.104) and u is half the angular aperture (3.1.10.1) of the lens

Note 1 to entry: Unless specified by “image-side”, the term refers to the object side.

3.1.11
aplanatic

corrected for spherical aberration (3.1.4.7) and coma (3.1.4.3)

© IS0 2020 - All rights reserved
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3.1.12

apochromat

<lens element> lens (3.1.87) in which axial chromatic aberration (3.1.4.2.1) is corrected for three
wavelengths

EXAMPLE Wavelengths of about 450 nm, 550 nm and 650 nm.

3.1.13

apochromat

<microscope objective> microscope (3.1.99) objective (3.1.106) in which the chromatic aberration
(3.1.4.2) is corrected for three or more wavelengths and the spherical aberration (3.1.4.7) and other

aperktare depandant dafacte ara iniyaiond for Aot CON i o vaith ogohyopaate (2 1 00
perfure-dependent-defectsare-minimizedforabeout 550-nmas-with-achromats{3-1-63

EXANPLE Wavelengths of about 450 nm, 550 nm and 650 nm.
Note [l to entry: This term does not imply any degree of correction for curvature of imagelfield.

Note |2 to entry: For more information see ISO 19012-2.

3.1.14
aspherical
not forming part of the surface of a sphere

Note|l to entry: This term is also used to describe the shape of a refracting or a reflecting surfacg designed to
miniize spherical aberration and some other aberrations.

3.1.15
beam splitter
meanlls whereby a beam of light (3.1.88) may be divided into two or more separate beams

3.1.16
birefringence
An
quantitative expression of the maximunidifference in refractive index (3.1.125) due to doublle refraction
(3.1.48)

3.1.17
bright field
system of illumination (3.1.Z3Yand imaging in which the direct light (3.1.45) passes through the objective
(3.1.106) aperture (3.1.10)-and illuminates the background against which the image (3.1.75) is seen

3.1.18
bulb
envelope of a Jamp (3.1.85), which is usually out of glass or fused silica

Note [l to entry: This term is commonly used to describe the lamp itself.

3.1.19
catadioptric
having optical arrangements or optical elements which operate by both reflection and refraction

3.1.20
catoptric
having optical arrangements or optical elements which operate by reflection

© IS0 2020 - All rights reserved 5
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3.1.21

:2020(E)

centring telescope

auxiliary tel

escope

two-stage magnifier, designed for use in place of the eyepiece (3.1.52) to enable an image (3.1.75) of the
back focal plane (3.1.62.1) of the objective (3.1.106) to be inspected

Note 1 to entry: The centring telescope is used principally for adjustment of the microscope illuminating system,
especially with phase contrast and modulation contrast. It may also be used for conoscopic observation.

3.1.22

circle of least confusion

smallest di

tion

(3.1.4.7) ang

3.1.23

clear focus
sheet of cleg
(3.1.115) in
which the aq

3.1.24
coarse adju
focusing me
optical axis

3.1.25

coating of d
deposit of o
purpose of g

EXAMPLE

3.1.26
collector
lens (3.1.87]
plane (3.1.1]
(3.1.28)]

Note 1 to ent

3.1.27
compensat
retardation
the optical g

Note 1 to ent]
Berek, Senar

meatar imaagoe (21 700 cnat formad from o noint ahiocs (2 1 104) swhan cnhorical ahory
et hRage == Spotroreaoh—= WHeh—-SprReFAea—ao6+

PO JETT TS 7
| astigmatism (3.1.4.1) are present

ng screen

r glass or plastic material used for focusing (3.1.67) in photography and photomicrogr
which a figure on the screen (3.1.132) (e.g. cross lines) serves to define the-plane (3.1.11
brial image (3.1.75.1) observed with a focusing magnifier (3.1.92.1) is {o¢ated

stment
rhanism (3.1.68) designed to make large and rapid alterations in the distance alon
3.1.107) between the object (3.1.104) and the objective (8/1:106)

ptical surfaces

ecreasing or increasing reflection and/or transmission

Optical elements such as a lens, mirror, prism, or filter.

which serves to project a suitably sized image (3.1.75) of the source (3.1.135) into a §
| 7) [e.g. in Kohler illuminatien(3.1.73.3) into the aperture plane (3.1.117.1) of the cond

Fy: Sometimes known as the “lamp collector”.

DI
blate (3.1.130) of fixed or variable optical path length difference (3.1.108.1) used to mej
ath lengthydifferences within an object (3.1.104)

ry: Many types of compensator exist, often designated by the name of their originator e.g. Ba
nont.

aphy
7) in

b the

he or more thin dielectric and/or metallic layerscon a surface of an optical element for the

riven
bnser

sure

binet,

3.1.27.1
first-order
first-order r

red compensator
ed plate

sensitive tint plate
retardation plate (3.1.130) producing an optical path length difference (3.1.108.1) of one wavelength,
giving rise to the interference colour (3.1.82) having the typical tint of the first-order red (3.1.57)

3.1.27.2
half-wave c

ompensator

half-wave plate
retardation plate (3.1.130) producing an optical path length difference (3.1.108.1) of half a wavelength

© IS0 2020 - All rights reserved
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3.1.27.3

quarter-wave compensator

quarter-wave plate

retardation plate (3.1.130) producing an optical path length difference (3.1.108.1) of a quarter of a
wavelength

Note 1 to entry: The reference wavelength is selected according to the application and is individually indicated.
When oriented at 45° to the plane of polarization, it changes plane-polarized light into circularly-polarized light
and vice versa.

3.1.27.4

quarf7-ulpr| ge compensator
(=] r

retarn
posit
or 4

Note

perpd
dark

3.1.2
cond
part
(or
and (

Note

3.1.2
Abb¢
cond

dation plate (3.1.130) consisting of a wedge of quartz (or two such wedges in the
ion) producing optical path length differences (3.1.108.1) continuously variable betwee
\ along its length

1 to entry: This property results in the production of a series of interference colours in the fo
endicular to the length of the wedge. With monochromatic light, the coloured fringes are seen §
hnd bright bands.

8

enser

of the illuminating system of the microscope (3.1.99) whicheonsists of one or more le
lirrors) and their mounts, usually containing a diaphragnm(3.1.38), and designed to col
oncentrate radiation (3.1.123) into the illuminating numerical aperture (3.1.10.4)

1 to entry: In bright field microscopy by epi-illumination, the objective serves as its own condg

8.1
e condenser
pnser (3.1.28) of simple design introduced by Abbe, in which there is only limited corred

for spherical aberration (3.1.4.7) and none for-chromatic aberration (3.1.4.2)

3.1.2
achr
cond
been

Note
immg

3.1.2

8.2

omatic-aplanatic condenser

enser (3.1.28) in which chromadtic aberrations (3.1.4.2) and spherical aberrations (3
reduced

1 to entry: Achromatic-aplanatic correction is particularly advantageous for high numerical
rsion condensers.

8.3

cardjioid condernser

dark;
(3.1.]
the s

field condenser (3.1.28.4) for transmitted-light illumination (3.1.73.6), in which th
83) forsspherical aberration (3.1.4.7) and coma (3.1.4.3) is calculated for a reflecting {
hape of-a cardioid of revolution

subtraction
nO0OAdand3 A

rm of fringes
s alternating

nses (3.1.87)
lect, control

nser.

tion (3.1.33)

.1.4.7) have

aperture, oil

b correction
urface with

Note

1 %¥o antryu: Tn neractica tho cavvaction ic ~chiauad hy vcing o 2ang AF
T—tO— Rty PpracHee;,—+1e—-€ ectoRIS—aeHevea By S Ea—7401e—6+

imperceptibly in its corrective effect from a true cardioid surface.

3.1.28.4

dark-field condenser

dark-ground condenser

condenser (3.1.28) designed for dark-field (3.1.35) microscopy

vhich differs

Note 1 to entry: For transmitted-light microscopy, this condenser is a separate component; for reflected-light
microscopy, it is generally within the mount of the objective, surrounding the imaging system of the objective.

© ISO
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3.1.28.5

:2020(E)

pancratic condenser
condenser (3.1.28) containing a variable “zoom” (pancratic) lens (3.1.87) which allows the size of the
illuminated field (3.1.54.3) at the object (3.1.104) to be varied while the illuminated field diaphragm
(3.1.38.5) remains of constant size

Note 1 to entry: The size of the illuminating aperture varies inversely with that of the illuminated field at the
object, and the product of both sizes remains a constant.

3.1.28.6

phase-contrast condenser

condenser (3
(3.1.112) in
diaphragm (|

3.1.28.7
substage cd
condenser (3

3.1.28.8

the backfoal plane (3.1.62.1) of the objective (3.1.106)
3.1.38) (generally annular) positioned in the front focal plane (3.1.62.2) of the conderisd

ndenser
.1.28) designed to fit beneath the stage (3.1.136) of a microscope (3.1.99)

swing-out top lens condenser

condenser (3
path by opd
increase thg
(3.1.10.4) fo

3.1.28.9

universal c
condenser (}
(3.1.35), phd
and modulat

3.1.29

conjugate g
planes (3.1.1
with the rul

3.1.30

conoscopic
interference
plane (3.1.6]
between crd

3.1.31
conoscopy
observation|

.1.28) designed so that its top lens (3.1.87) can conveniently be removed from the o
brating a lever, thus increasing the condenser’s (3.1.28) focal length (3.1.61) in ord
area of the illuminated field (3.1.54.3) and decrease the illuminating numerical ape
I use with objectives (3.1.106) of low magnification (3.1:90)

pndenser

B.1.28) designed for multiple contrast techniques such as bright field (3.1.17), dari
se contrast (3.1.32.4), differential interference contrast (3.1.32.2.1), polarized light (3.1.
ion contrast (3.1.32.3)

lanes
17) perpendicular to the opticdl.axis (3.1.107) which are imaged onto another in accord
es of geometrical optics

figure

pattern of curves.linking points of equal retardation (3.1.129), formed in the back
p.1) of the objective (3.1.106) when an optically anisotropic (3.1.8) object (3.1.104) is p
ssed polars (3:1.118.2) or, exceptionally, parallel polars (3.1.118.3)

of the conoscopic figure (3.1.30) by means of a pinhole diaphragm (3.1.38) or a cen

a suitably sized image (3.1.75)

tical
er to
reure

field
B8.1)

ance

focal
aced

tring

te[escope (3 il ')1) in p]:\r‘p ofthe eyepiece (Q 1 ’;'))’ or hy means of a Bertrand lens (? 187 '))

3.1.32
contrast

distinction between regions in an image (3.1.75) due to differences in brightness and/or colour

3.1.32.1

interference contrast
<term> contrast (3.1.32) in the image (3.1.75) caused mainly by interference

3.1.32.2

interference contrast
<phenomenon> enhancing the contrast (3.1.32) between features having different optical path lengths

(3.1.108)
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3.1.32.21

differential interference contrast

contrast (3.1.32) due to double-beam interference (3.1.81.1) in which two waves which fall on the object
plane (3.1.117.5) or image plane (3.1.117.3) are separated laterally by a distance similar to the minimum
resolvable distance (3.1.128.2)

Note 1 to entry: This kind of contrast is characterized by an impression of unilateral oblique illumination.
Variations in optical path length due to gradients in surface relief (reflected light) or in physical thickness or
refractive index (transmitted light) appear as relief contrast in the image.

3.1.32.2.2

mod
contl
the o
focal

Note
slit in

in ordler to increase contrast.

3.1.3
phasg
form|
(3.1.1
light
a phd
objed
illum

Note
of its
inten|
of thg
amoy

3.1.3

relief contrast

form|
(3.1.]
giveqd

Note
to thg

idifferential interference contrast

lation contrast
ast (3.1.32) technique due to Hoffman which uses a modulator in the backfecal plane
bjective (3.1.106) or in a succeeding conjugate plane (3.1.29), and a slit aperture (3.1.10
plane (3.1.62.2) of the condenser (3.1.28)

1 to entry: The modulator is a filter composed of three regions: a dark region, a grey region o
the condenser is imaged and a bright region. The modulator influenceés the direct light and di

2.4

e contrast

of interference contrast (3.1.32.2) (in its widest sense) due to Zernike, in which the im|
B2) of a phase object (3.1.111) is enhanced by altering phase (3.1.110) and amplitude

(3.1.45) with respect to those of the diffracted-light (3.1.40) and which is achieved by

se plate (3.1.112), usually in the form of annannulus, placed in the back focal plane (3.1
tive (3.1.106) (or in a succeeding plane cenjugate (3.1.29) with this) conjugate with an
inating aperture diaphragm (3.1.38.6) in-the front focal plane (3.1.62.2) of the condense

(3.1.62.1) of
in the front

to which the
ffracted light

age contrast
of the direct
he action of
.62.1) of the
appropriate
r(3.1.28)

1 to entry: The phase plate has twopreperties: it shifts the phase of the directlight by 90° and
intensity. Contrast is achieved by conversion of phase differences within the light leaving

nt appear darker than thé background, while in negative phase contrast they appear brighter.

2.5

of contrast (3.1.32) which presents gradients of geometrical or optical path lengt
108.1) in the 6bject (3.1.104) in the form of a distribution of brightness in the image (3]
an impression of relief (3.1.126)

1 toentry: This impression occurs because the distribution of brightness in a relief contrast im|
distribution of light and shadow in the image of a three-dimensional object illuminated from

hbsorbs some
e object into

t
sity differences in the image..Two kinds of phase contrast are available, depending on the Cjaracteristics

b phase plate; in positive phiase contrast, objects which retard the phase of the diffracted light by a small

1 differences
1.75) which

age is similar
pne side.

3.1.33
correction
process whereby the aberrations (3.1.4) of an optical system are minimized

3.1.33.1
correction class

type

of correction (3.1.33) of an optical system (achromatic, plan, etc.)

3.1.33.2
correction collar

mechanism provided on some objectives (3.1.106) in order to adapt their correction (3.1.33) for spherical
aberration (3.1.4.7) to compensate for deviations from correct optical path length (3.1.108) in the
cover glass (3.1.34), wall of culture chamber and/or other media between the object (3.1.104) and the
objective
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3.1.33.3

:2020(E)

correction for object to primary image distance
calculation of a microscope (3.1.99) objective (3.1.106) to optimize its corrections for a given

standardize

3.1.33.4

d object to primary image (3.1.80.2.2) distance

overcorrection
error in the correction (3.1.33) of spherical aberration (3.1.4.7), leading to lack of contrast (3.1.32) in the
image (3.1.75)

Note 1 to entry: In microscopy it may be caused by the use of a cover glass thicker than, or a mechanical tube

valuac acciiyn L

nnnnn

length longer—than—the—values—assumedinthe—computation—oefthe—-objective—The—termmaybe—wsed—aiso in
connection with other aberrations, e.g. chromatic aberration.

3.1.33.5

undercorrection

error in corfection (3.1.33) of spherical aberration (3.1.4.7), leading to lack of contrast«{(3.1.32) ip the
image (3.1.75)

Note 1 to enfry: In microscopy, undercorrection may be caused by the use of a cover glass thinner than| or a
mechanical thibe length shorter than, the values assumed in the computation of the objectives. The term mfay be
used also in donnection with other aberrations, e.g. chromatic aberration.

3.1.34

cover glass

rectangular|or circular piece of thin glass used to cover a microscopical preparation

Note 1 to entry: Because its thickness, refractive index and dispersioi affect calculation and correction, the cover
glassis regarfed as part of the objective for the purpose of design. The tolerances of its thickness, refractive jndex
and dispersign should be considered in relation to the demands of the objective, as standardized in [SO 8255-1.
3.1.35

dark-field

system of illumination (3.1.73) and imaging inwhich the direct light (3.1.45) is prevented from papsing
through the|aperture (3.1.10) of the objective(3.1.106)

Note 1 to enfry: The image is formed from:light scattered by features in the object, the detail thus appearing
bright againgt a dark background. It may be qualified as transmitted-light or reflected-light dark-field.

3.1.35.1

dark-field qtop

central opaque disc usuallyused in the front focal plane (3.1.62.2) of a condenser (3.1.28) to occlugle all
the direct light (3.1.45) which would fall within the aperture (3.1.10) of the objective (3.1.106)

3.1.36

depth of field

<object spage>"axial depth of the space on both sides of the object plane (3.1.117.5) within which the
object (3.1.104) can be moved without detectable loss of sharpness in the image (31.75), while the

positions of

the image plane (3.1.117.3) and of the objective (3.1.106) are maintained

Note 1 to entry: See Note to 3.1.37.

3.1.37

depth of focus

<image space> axial depth of the space on both sides of the image (3.1.75) within which the image
appears acceptably sharp, while the positions of the object plane (3.1.117.5) and of the objective (3.1.106)
are maintained

Note 1 to entry: In some publications, the term “depth of focus” is used to refer to object space. It is recommended
that, when the distinction is important, the full terms “depth of field (in object space)” and “depth of focus (in
image space)” be used.
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3.1.38

diaphragm

mechanical limitation of an opening normal to the optical axis (3.1.107) which restricts the cross-
sectional area of the light (3.1.88) path at a defined place in an optical system and which may be fixed or
variable in size, shape (although usually circular) and position

3.1.38.1
aperture diaphragm
diaphragm (3.1.38) in any aperture plane (3.1.117.1)

3.1.38.2

Bertpand d;ayhl aght
field diaphragm (3.1.38.4) placed after a Bertrand lens (3.1.87.2) to restrict the field (3.1:54)| from which
a conoscopic figure (3.1.30) is formed

3.1.38.3

condenser diaphragm
diaphragm (3.1.38) which controls the effective size and shape of the condenser aperture (3.1.10.2) and
which normally functions as the illuminating aperture diaphragm (3.1.38.6))in transmitted |ight

3.1.384
field diaphragm
diaphragm (3.1.38) in any field plane (3.1.117.2)

Note [l to entry: Field diaphragms are usually fitted just after thelamp collector and in the eyepiecd.

3.1.38.5

illuminated field diaphragm
field |diaphragm (3.1.38.4) whose image (3.1.75) -defines the illuminated field (3.1.54.3) 4t the object
(3.1.104)

3.1.38.6

illuminating aperture diaphragm
aperture diaphragm (3.1.38.1) which defines the illuminating aperture (3.1.10.2) or the pupi| (3.1.122) of
an illuminating system

Note|l to entry: For transmitted(light, this is usually incorporated in the front focal plane of the fondenser; in
refle¢ted-light microscopes it is found in the epi-illuminator in a plane conjugate with the back focdl plane of the
objective. It is commonly known simply as the “aperture diaphragm” or the “aperture stop”.

3.1.38.7

iris diaphragm
diaphragm (3.1.38) bounded by multiple leaves, usually metal, arranged so as to provide ah opening of
varigble size,which is adjustable by means of a control

3.1.38.8

visualfield diaphragm
diaphragm (3-1.38) which detines the jield (3.1.54) of view and which 15 usually contained within the
eyepiece (3.1.52)

3.1.39

dichromatic mirror

dichroic mirror

special type of interference filter (3.1.55.8) used as an essential part of a fluorescence microscope
(3.1.99.5) using epi-illumination (3.1.73.2) and which is designed to reflect selectively the shorter
wavelength exciting radiation (3.1.123) and transmit the longer wavelength fluorescence (3.1.58)

Note 1 to entry: A similar device is often used as a lamp reflector, in order to transmit the longer wavelength heat
(infrared) radiation while reflecting the visible light.
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3.1.40
diffracted 1

:2020(E)

ight

light (3.1.88) which has undergone diffraction (3.1.41) at the object (3.1.104) and which gives rise to the
first-order, second-order, etc. components of the diffraction pattern (3.1.41.1)

3.1.41
diffraction

phenomenon of deviation of the direction of propagation of light (3.1.88) or other wave motion when a

wavefront p

3.141.1

asses any discontinuity in an object (3.1.104)

diffraction
distribution
properties (
pupil (3.1.12

3.1.41.1.1

primary di
primary dif
diffraction g
the source (3

Note 1 to ent

3.1.42

diffraction
set of regul{
maxima and

Note 1 to en
wavelength

Pattcn X

of light (3.1.88) due to diffraction (3.1.41), which depends on the geometrical and\oy
f the object (3.1.104), the aberrations (3.1.3) of the lens (3.1.87) and the shape{of“it{
2), and the wavelength of the light

ffraction pattern

raction image

attern (3.1.41.1) of an object (3.1.104) which takes the form of multiple images (3.1.7
.1.135)

Fy: In Kohler illumination it is formed in the back focal plane of the objective.
grating
irly repeating structures which, when illuminated/produce, by reflection or transmig

minima of intensity (3.1.79) as a consequence of\diffraction (3.1.41) and interference

ry: These maxima and minima vary in positiofraccording to wavelength. Radiation of any
may thus be selected from complex radiation allowing the grating to be used for prod

monochromdtic light.

3.1.43
dioptre
unit of refra

3.1.44
dioptric
describing
(3.1.87)

3.1.45
direct light]
light (3.1.88
on passing

Ctive power expressed as theXeciprocal of the focal length (3.1.61) of a lens (3.1.87) in m

pptical arrangements or optical elements which operate by refraction, i.e. using I

) whichrenters the objective (3.1.106) after undergoing no change in direction of propag
through the object field (3.1.54.5) (transmitted light), or on specular reflection at

surface in th

e0bject field oriented normally to the direction of propagation of the light (reflected |

tical
exit

5) of

sion,

given
ucing

etres

pnses

htion
h flat

light)

3.1.46
dispersion

<wave group> change in phase velocity of a wave group as a function of its wavelength (or frequency)
when passing from one medium to another which causes a separation of the monochromatic components
of a complex radiation (3.1.123)

3.1.47
dispersion

<refractive index> variation in refractive index (3.1.125) of a medium which causes a separation of the

monochrom

atic components of a complex radiation (3.1.123)

Note 1 to entry: The quantity characterizing this property may have a special name, e.g. the Abbe number, or the
dispersive power, of the medium.

12
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3.1.471

dispersion curve

graph of refractive index (3.1.125) of a medium as a function of wavelength or a related parameter, at a
given temperature

3.1.48

double refraction

effect of anisotropy, by which electromagnetic waves are divided into plane-polarized (3.1.88.1.2)
components having mutually perpendicular vibration directions and being propagated with different
velocities

1 2 L Daslal c L o d L L L ST c DR PUNGRCISN. o)) : :
Note f—to Ity ootbre rerractionr nay  oe e to- Sstruc Tt e orrentationror partrcres; or-stratir——11r quantltatlve

expression of double refraction is birefringence.

3.1.49
excitation
inpuf of energy to matter leading to the emission of radiation (3.1.123)

3.1.50

expqsure
total{quantity of light (3.1.88) allowed to fall upon a photosensitive émulsion which is measured in lux
per second

3.1.50.1
expagsure meter
devige for determining the required exposure (3.1.50) forphotographic materials

3.1.31
extinction
condfition in which an optically anisotropic object (3.1.104) appears dark when observied between
crossed polars (3.1.118.2)

3.1.52
eyepiece
lens [3.1.87) system in a separate ‘mount, which magnifies the microscope’s (3.1.99) final real image
(3.1.75.3), formed in a viewing tube (3.1.144.6), and projects it to infinity or to a distance comfortable
for viewing by the human eye

3.1.52.1
compensating eyepiece
eyeplece (3.1.52) designed to correct residual aberrations of the objective (3.1.106),

EXANIPLE Comipensation of chromatic difference of magnification (3.1.4.2.2) or astigmatism (3.1.4.1).

3.1.532.2
external-diaphragm eyepiece
eyeplece)(3.1.52) in which the field diaphragm (3.1.38.4) is located in front of the lenses (3.1.87)

Note 1 to entry: This type of eyepiece is suitable for the insertion of graticules.

3.1.52.3

filar eyepiece

micrometer-screw eyepiece

micrometer eyepiece (3.1.52.9) in which reference marks in the primary image plane (3.1.117.4) may be
adjusted by means of a micrometer screw and the resultant indicated displacement is used to derive
dimensions

3.1.52.4

focusable eyepiece

eyepiece (3.1.52) with a mechanism to focus on a graticule (3.1.70) or field diaphragm (3.1.38.4) mounted
within it
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3.1.52.5

high-eyepoint eyepiece

eyepiece (3.1.52) computed so that the exit pupil of the microscope (3.1.122.2) is sufficiently far from the
eye lens (3.1.87.3.) to facilitate use of the microscope (3.1.99) by wearers of spectacles and/or for special
applications

3.1.52.6

Huygens eyepiece

term originally used for an eyepiece (3.1.52) consisting of two planoconvex lenses (3.1.87) (the field lens
(3.1.87.4) and the eye lens (3.1.87.3)) mounted with their convex sides facing the objective (3.1.106) and
with the field diaphragm (3.1.38.4) between them

3.1.52.7
internal-diaphragm eyepiece
eyepiece (3.1.52) in which the field diaphragm (3.1.38.4) is located between the field lens(3.%.87.4) and
the eye lens [3.1.87.3)

3.1.52.8
Kellner eyepiece
improved type of Ramsden eyepiece (3.1.52.11) in which the distances betweertthe field lens (3.187.4)
and the diaphragm (3.1.38), and from the eye lens (3.1.87.3) to the exit pupil of‘the microscope (3.1.132.2),
are both increased

3.1.52.9
micrometer eyepiece
focusable eygpiece (3.1.52.4) used for measuring

Note 1 to enfry: In its most common form, a measuring graticule is fitted in the primary image plane} It is
calibrated agpinst a stage micrometer.

3.1.52.10
pointer eyepiece
eyepiece (3.1.52) containing a pointer in its priniary image plane (3.1.117.4)

3.1.52.11
Ramsden eyepiece
eyepiece (3.1.52) consisting of two planoconvex lenses (3.1.87) of the same focal length (3.1.61) [thq field
lens (3.1.87.4) and the eye lens (3.1.8%3)], mounted with their convex sides together and separated by a
distance eqiial to the focal length-of the lenses

3.1.52.12
widefield eyepiece
eyepiece (3.1.52) specially computed to provide a field (3.1.54) of view greater than that of a ngrmal
eyepiece of the samemagnification (3.1.90)

3.1.53
eyepoint h¢ight
eye relief
distance measured along the optical axis (3.1.107) from the last surface of the eyepiece (3.1.52) to the
exit pupil of the microscope (3.1.122.2) where the eye is located

Note 1 to entry: Its value may be affected by optical systems which are inserted between objective and eyepiece.

3.1.54
field
area in the object plane (3.1.117.5) or any other plane conjugate (3.1.29) with it

Note 1 to entry: The term may be qualified by its location (e.g. object field, image field) or its function (e.g.
illuminated field, photometric field).
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3.1.54.1

eyepiece field of view

part of the primary image (3.1.75.2) which is defined by the field diaphragm (3.1.38.4) of the eyepiece
(3.1.52)

3.1.54.2

field-of-view number

field number

FN

number which specifies the eyepiece field of view (3.1.54.1) and which is the actual diameter in

mllllmetres of the field diaphragm (3 1.38.4) in an external- dlaphragm eyepiece (3.1.52.2) or the apparent
. . [-diaphragm

may be used

partjof the object field (3.1.54.5) which receives illumination (3.1.73)

3.1.54.4
image field
any flield (3.1.54) in which an image (3.1.75) of the object (3.14.04) is formed

3.1.54.5
objert field
micrpscope field of view

part of the object (3.1.104) which is reproducediin the final image (3.1.75) which is defined py
a) the field diaphragm (3.1.38.4) of the eyepiece (3.1.52), or

b) the dimensions of the receiving device,
together with the total magnification (3.1.90) of the optical elements lying between the objecf and a) or b)

3.1.54.6

objertive field number
OFN
maximum field-of-view)number (3.1.54.2) of the eyepiece (3.1.52) for which the objective|(3.1.106) is
designed to be used

3.1.55
filter
optidal device designed to control selectively the wavelengths, colour temperature, vibratign direction,
and/pFintensity (3.1.79) of the radiation (3.1.123) which it transmits or reflects T

3.1.55.1

barrier filter

filter (3.1.55) used in fluorescence microscopy which is designed to prevent the passage towards the
image (3.1.75) of those wavelengths of light (3.1.88) used for excitation (3.1.49) but to allow the light
produced by fluorescence (3.1.58) of the object (3.1.104) to pass

3.1.55.2

broad-band-pass filter

broad-band filter

filter (3.1.55) which allows the passage of radiation (3.1.123) with a broad wavelength band (greater
than about 50 nm) around a given central wavelength

Note 1 to entry: The concept of a “broad” band is arbitrary.
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3.1.55.3
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colour filter
filter (3.1.55) which allows the passage of light (3.1.88) of selected colour (chromaticity) or wavelength
characteristics

3.1.554

colour-conversion filter
conversion filter
filter (3.1.55) used to change the colour temperature of light (3.1.88) received from a source (3.1.135)

3.1.55.5

contrast fil
filter (3.1.54
(3.1.104) or

3.1.55.6

exciter filtg
filter (3.1.55
excite fluorg

3.1.55.7
heat filter

heat protect
filter (3.1.55

3.1.55.8
interferend
filter (3.1.55
interference

3.1.55.9
long-wave-

long-pass filter

filter (3.1.55

) used to adjust the contrast (3.1.32) in an image (3.1.75) between features of ah.g
between the object and the background

r
) used in fluorescence microscopy designed (ideally) to pass only those'wavelengths y
scence (3.1.58)

ion filter
) designed to prevent the passage of radiation (3.1.123) in theinfrared or near infrared r3

e filter
) designed to transmit or reflect selectively a limited part of the spectrum by multiple-
(3.1.81.3)

pass filter

) designed to allow the passage of radiation (3.1.123) of wavelengths longer than a given

3.1.55.10

narrow-ba
narrow-ban
filter (3.1.55
within a ver

Note 1 to ent

3.1.55.11

neutral-densityfilter

ND filter

d-pass filter
filter
) (often an interference filter (3.1.55.8)) which allows the passage of radiation (3.1.123)
y narrow wavelength band around a given central wavelength

Fy: The concept-of a “narrow” band is arbitrary.

neutral filte

bject

rhich

nges

peam

limit

only

filter (3.1.55) designed to reduce as equally as possible the intensity (3.1.79) of radiation (3.1.123) across
the whole visible spectrum

3.1.55.12

polarizing filter
filter (3.1.55) acting as a polar (3.1.118) by total or partial absorption of light (3.1.88) vibrating in
certain directions

3.1.55.13
short-wave

-pass filter

short-pass filter
filter (3.1.55) designed to allow the passage of radiation (3.1.123) of wavelengths shorter than a given

limit

16
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3.1.56

fine adjustment

focusing mechanism (3.1.68) designed to make small and precise alterations in the relative positions
along the optical axis (3.1.107) between the object (3.1.104) and the objective (3.1.106)

Note 1 to entry: The precision of positioning which it provides should be better than the depth of field of the
objective.

3.1.57

first-order red

sensitive tint
charaeteristicreddish-violetinterference—colot
spectrum by the extinction (3.1.51) of other wavelength

continuous

3.1.58
fluoyescence
phenomenon of selective absorption of radiation (3.1.123) of relatively short waveleIgth (i.e. of
relatjvely high energy) by matter, resulting in the emission of radiation oflonger wavelenpgths (i.e. of
lowef energy), persisting for only a very short time after the cessation of the excitation (3.1}49)

Note |1 to entry: In the special case of multiple-photon excitation, longer wavelength (lower energy) radiation
may éxcite fluorescence with the effect of radiation of shorter wavelength

3.1.58.1

primary fluorescence

autofluorescence

fluorescence (3.1.58) exhibited by virtue of the inherentjproperties of an object (3.1.104)

3.1.58.2
secondary fluorescence
fluorescence (3.1.58) exhibited by an object (3.1:104) after treatment with a fluorochrome (3.1.60)

3.1.58.3

excitation wavelength
spec]fic wavelength of light (3.1.88) required to excite a fluorochrome (3.1.60), such as a fluorescent
antifody or fluorescent protein,£0'emit light at emission wavelengths

3.1.58.3.1
excitation wavelength band
specific wavelength range of light (3.1.88) used to excite a fluorochrome (3.1.60)

3.1.58.4
detection wavelength band
specific wavelength range of light (3.1.88) collected by the photo detector

3.1.59
fluorite
crystalline calcium fluoride (Car,)

Note 1 to entry: This material, or others with similar optical properties, is used as an additional lens material for
the correction of chromatic aberration and improvement in light transmission in some microscope objectives of
the higher correction classes.

3.1.60

fluorochrome

substance used to impart fluorescence (3.1.58) to structures within a specimen for subsequent
examination by fluorescence microscopy (3.1.99.5)
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3.1.61

focal length

forf'

distance measured along the optical axis from the principal plane (3.1.117) of a lens (3.1.87) to the
appropriate focal plane (3.1.62)

3.1.62
focal plane
surface in which bundles of parallel rays are brought to a point by an ideal lens (3.1.87)

EXAMPLE The focal plane is the surface at right angles to the optical axis of a lens (or mirror) in which the
image of an }'ar*f ]ying at inFini‘l—y is formed

3.1.62.1
back focal plane
<converging lens> focal plane (3.1.62) of a lens (3.1.87) which lies behind it when viewed.inthe direftion
of passage o light (3.1.88)

3.1.62.2
front focal plane
<converging lens> focal plane (3.1.62) of a lens (3.1.87) which lies in front of it when viewed ip the
direction of|the passage of light (3.1.88)

3.1.63
focal point
ForF'
point of intgrsection of the focal plane (3.1.62) with the opticalaxis (3.1.107), and where rays entering
an ideal len§ (3.1.87) parallel to the optical axis cross the ‘optical axis (converging lens) or appegar to
originate from (diverging lens)

3.1.64
focus
<lens> focal|point (3.1.63) of a lens (3.1.87)

3.1.65
focus
<imaging> dtate of sharpest imaging

3.1.66
focus

<ray tracing> point in theebjéct plane (3.1.117.5) at which those rays intersect which, after refragtion
and/or reflection in an optieal system also intersect in the image plane (3.1.117.3) to give rise to a gharp
image (3.1.75) of the conjugate point

3.1.67
focusing
<control> a¢t'of bringing the optical system into focus (3.1.65), i.e. bringing it to the position at whiich it
forms an image (3.1.75) of the utmost sharpness in the proper image plane (3.1.117.3)

Note 1 to entry: In accordance with the character of the focusing mechanism used for this, the word may be
qualified by the adjective “coarse” or “fine”.

3.1.68

focusing mechanism

mechanism used to change the distance between the object (3.1.104) and the optical system forming an
image (3.1.75), with the purpose of obtaining maximum sharpness in that image

Note 1 to entry: In the case of the microscope, the focusing mechanism (3.1.68) is often mediated by a rack and
pinion and converts the rotary motion of a knob into linear motion along the optical axis (3.1.107) of either the
objective (3.1.106) (with or without the tube (3.1.144)) or the stage (3.1.136).
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3.1.69

free working distance

working distance

WD

distance in air, or in the specified immersion liquid (3.1.78), between the front of the objective (3.1.106)
and the surface of the cover glass (3.1.34), or of the object (3.1.104) if uncovered, under normal operating
conditions

3.1.70
graticule
reticle
pattdrn such as a scale or grid, together with 1ts support, placed 1n an object plane (3.LJL17.5) or an
image plane (3.1.117.3) which is used for measurement, reference, alignment, locatiohy|counting or
sterdological analysis

3.1.71
ground glass
glasqy whose surface is roughened by mechanical or chemical means, used“in microscopy to provide
scattlering or diffusion of the light (3.1.88) passing through or falling on.it

Note [l to entry: It may be used as a screen for the visualization of a real imdge.

3.1.72
halo
phenomenon in phase contrast (3.1.32.4) microscopy by:which a feature in the imagé (3.1.75) is
surrpunded by a dark or light rim

3.1.73
illumination
application of light (3.1.88) to an object (3.1.104)

3.1.73.1

axia] illumination
illumjnation (3.1.73) with a ray bundlé whose axis coincides with the optical axis (3.1{107) of the
micrgscope (3.1.99)

—_—

3.1.73.2
epi-illumination
coaxjal light
reflected light
incident light
vertical illumination
illumjnation (3:1Y73) which falls on the object field (3.1.54.5) from the same side as that from which the
objeqt fieldis:observed

3.1.73:3
method of illuminating microscopical objects (3.1.104), providing a uniformly illuminated field (3.1.54.3)
from a non-uniform source (3.1.135)

Note 1 to entry: An image of the source is projected by a collector into the plane of the aperture diaphragm in the
front focal plane of the condenser. The condenser, in turn, projects an image of an illuminated field diaphragm at
the opening of the collector into the object plane. In the reflected-light microscope, where the objective serves as
its own condenser, an aperture diaphragm is imaged by a relay lens into the back focal plane of the objective and
the illuminated field diaphragm is arranged to be in a plane conjugate with that of the collector.

3.1.73.4

oblique illumination

illumination (3.1.73) using a ray bundle whose axis makes an angle with the optical axis (3.1.107) of the
microscope (3.1.99)
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source-focused illumination
critical illumination

method of illumination (3.1.73) in which an image (3.1.75) of the source (3.1.135), which may carry
an illuminated field diaphragm (3.1.38.5), is projected by the condenser (3.1.28) into the object plane

(3.1.117.5)

Note 1 to entry: Even illumination is obtained from a homogeneous source.

3.1.73.6

transmitted-light illumination

trans-illumi
diascopic ill
illumination
which the o]

3.1.74
illuminatofy
device desig

3.1.741

epi-illumin
part of the i
(3.1.106) [W]

Note 1 to ent
tube. A refled

3.1.74.2
fibre optic
illuminating

3.1.75
image
collection o
object (3.1.14

Note 1 to entl
of light. All p
these moduld

ﬁat;uu

imination

(3.1.73) which passes through the object field (3.1.54.5) from the opposite side to that
pject field is observed

ned to provide illumination (3.1.73)

ptor
luminating system of the reflected-light microscope (3.1.9911) placed between the obj¢
hich serves as its own condenser (3.1.28)] and the lamp fittihg

(y: The epi-illuminator is attached to or is inserted into the-body tube, thus forming a section g

tor, or a set of interchangeable reflectors, is included irfthe illuminator.

lluminator
system in which the light (3.1.88) is delivered by a fibre optic

f points formed by a lens (3.1.87) or other imaging system, corresponding to points i
D4)

y: The image is a structuralrepresentation of those properties of the object which cause modu

tions, the light in an'eficoded form carries the information about the object. In microscopy wit

compound mlicroscope, a prinmfary image and a secondary image are formed, the latter being produced o

retina of the

3.1.75.1

aerial image

real image (}

3.1.75.2

bbserver’s eye~onphotographic material or on another surface.

B.1.75¢3) existing in a plane (3.1.117) in space and not normally visible to the naked eyy¢

from

ctive

f this

n the

ation

hrameters which desctibe’the spatial and the temporal state of light can be modulated. Becayise of

h the
n the

primary image
usually magnified real image (3.1.75.3) of the object (3.1.104) formed by the objective (3.1.106) or, in
infinity-corrected systems, by the objective together with its tube lens (3.1.87.10)

Note 1 to entry: The “primary image” is not to be confused with the “primary interference image” as described

by Abbe.

3.1.75.3
real image

image (3.1.75) which can be received on a surface

EXAMPLE

20

The surface can be a screen (3.1.132).
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3.1.75.4

virtual image

image (3.1.75) which cannot be received on a surface but which may be converted into a real image
(3.1.75.3) by the optical system of the eye or other converging lens (3.1.87) system

3.1.76
image space
space on that side of an optical system where the image (3.1.75) is located

Note 1 to entry: In reflection or formation of a virtual image, this space may coincide with the object space.

3.1.7Z
immersion
use df an immersion liquid (3.1.78)

3.1.771

hompgeneous immersion
immérsion (3.1.77) in which the immersion liquid (3.1.78) and the adjacent optical components have the
same refractive index (3.1.125) and dispersion (3.1.47) (or Abbe number)/sq that neither refraction nor
reflection occurs between the liquid and the optical components

Note |l to entry: In modern microscope design, refractive index differenices between objective front lens, the
immagrsion liquid and the cover glass may be deliberately introduced-in order to assist in the corfection of the
system, so that the immersion is not truly homogeneous.

3.1.77.2
oil ilnmersion
immersion (3.1.77) in which the immersion liquid (3.1:78) is immersion oil (3.1.78.1)

3.1.78
immlersion liquid
liquigl specified as suitable for use in the space between the front of an immersion lens (3.1.47.6) and the
objedt (3.1.104)

Note |l to entry: Because the immersion liquid is considered in the computing of corrections to be pqrt of the lens,
its refractive index and dispersion (0r Abbe number) are critical.

EXANIPLE Commonly used-immersion liquids are immersion oil (3.1.78.1), water, glycerol or silicone.

3.1.78.1
immiersion oil
synthetic immersionliquid (3.1.78)

Note |l to entry; The'term was formerly applied to naturally occurring immersion liquids such as cedar-wood oil.

Note |2 to entry: Immersion oil is according to ISO 8036.

3.1.79
intensity

general term for the strength of a radiation (3.1.123), which is proportional to the square of the
amplitude of the electromagnetic wave

Note 1 to entry: For measurement, this term should be replaced by the most suitable photometric or radiometric
quantity.

3.1.80

interfacing dimensions

mechanical or opto-mechanical distances measured from reference planes (3.1.117.6), on which the
calculation of microscope (3.1.99) lenses (3.1.87) and the design of microscopes are based, and which
facilitate the interchange of certain components

Note 1 to entry: There are two categories of dimensions: those which are standardized internationally and others
which are taken as internal standards by individual manufacturers.
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mechanical interfacing dimensions of the microscope
distances between several mechanical locating surfaces (3.1.89) or flanges

3.1.80.2

optical interfacing dimensions of the microscope
distances of focal points (3.1.63), or object planes (3.1.117.5) or image planes (3.1.117.3), from mechanical
locating surfaces (3.1.89) or flanges

3.1.80.2.1

objective to primary image distance

distance in
plane (3.1.11

Note 1 to en
commonly h{
designed for

3.1.80.2.2
object to pr
distance in i

Note 1 to en
in microscop
applied to mi

3.1.80.2.3

parfocalizi]
distance bef
eyepiece (3.1

Note 1 to ent
of the micros
is one of the ¢

3.1.80.2.4
parfocalizi]
distance in
and the loca

Note 1 to ent

3.1.81
interferend
mutual intej

Note 1 to e

malo ot £l i £ L i £ £ el H AN : H
II UTLVVTUIL L1IT UUJCLLIVC lUbMLllly DMIJMLC Uj Lric llUDCIJleC dllu LT [JI llllul_/V I

17.4)

try: The objective to primary image distance is one of the optical interfacing dimension
s a value of either 150 mm or infinity. The latter is a hypothetical value applied, t&: micros
nfinity-corrected objectives.

imary image distance
hir between the object plane (3.1.117.5) and the primary image plane(3.1.117.4)

ry: The object to primary image distance is the fundamental optical interfacing dimension
e design and commonly has a value of either 195 mm or infinity,/The latter is a hypothetical
croscopes designed for infinity-corrected objectives.

hg distance of the eyepiece
ween the locating flange of the eyepiece (3.1.89.1) and the plane (3.1.117) upon whic
.52) is focused

cope when the eyepiece is mounted in thie viewing tube. The parfocalizing distance of the eye
ptical interfacing dimensions, and isscornmonly 10 mm.

hg distance of the objective
hir between the object plane (3.1.117.5) [i.e. the uncovered surface of the object (3.1.]
ting flange of the objective (3.1.89.4), when the microscope (3.1.99) is in its working po{

Fy: The parfocalizing.distance of the objective is one of the optical interfacing dimensions.

e
raction between two or more coherent wave trains

il

intensity varfations in the image so providing contrast.

ry"The phenomenon may be used to convert optical path length differences in the objec

age

5 and
Copes

used
value

h the

Fy: The plane upon which the eyepiece is fetused is coincident with the plane of the final real image

piece

104)]
ition

[ into

3.1.81.1
double-bea

m interference

interference between wave trains from two coherent light (3.1.88) beams

3.1.81.2

double-focus interference
double-beam interference (3.1.81.1) in which the two light (3.1.88) beams have different levels of focus
(3.1.65) and in which one beam is focused in the object plane (3.1.117.5), the other above or below

that plane
3.1.81.3

multiple-beam interference
interference between wave trains from more than two coherent light (3.1.88) beams

22
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3.1.814

polarizing interference

double-beam interference (3.1.81.1) in which the two light (3.1.88) beams arise from one plane-
polarized (3.1.88.1.2) beam as the result of double refraction (3.1.48), are plane-polarized in mutually
perpendicular vibration directions and are recombined by the analyser (3.1.118.1)

3.1.81.5

shearing interference

double-beam interference (3.1.81.1) in which the two light (3.1.88) beams falling upon the object plane
(3.1.117.5) or image plane (3.1.117.3) are separated laterally from one another

re, of one or

108.1), from

vith parallel

allow for the

sourge of radiation (3.1.123)

3.1.85.1

filament lamp
lamp| (3.1.85) from which radiation (3.1.123) is emitted from a filament, usually of tungstep, heated by
the gassage of an electric(current

Note|l to entry: The emitted spectrum is continuous and approximates to that of a black-body radigtor.

3.1.85.2
halogen lamp
filament lgmp*(3.1.85.1) whose envelope contains halogen vapour

Note
depo:! ahig 3 peratirea 6 g : ance, higher
colour temperature and longer operating life than a conventional filament lamp of the same input power.

1cto ‘entry: A cyclical process in which the halogen reduces loss of tungsten from the fila

3.1.85.3
mercury arc lamp
discharge lamp (3.1.85) containing mercury vapour, often at a high pressure when the lamp is operating

Note 1 to entry: At low pressure the lamp emits a characteristic line spectrum but when it heats up there is

a strong continuous spectrum forming the background. This type of lamp is frequently used in fluorescence
microscopy and also, with a suitable filter, as a source of monochromatic radiation or ultraviolet radiation.
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3.1.85.4
microscope lamp
lamp (3.1.85) together with its collector (3.1.26), mirror, housing and fittings

Note 1 to entry: The microscope lamp may be incorporated into the microscope stand itself, or be a separate unit.

3.1.85.5
xenon arc lamp
discharge lamp (3.1.85) containing xenon, often at a high pressure when the lamp is operating

Note 1 to entry: The lamp emits light of high luminance, high colour temperature and with an almost continuous
spectrum distributed from the ultraviolet to the infrared.

3.1.86
laser

source whi¢h emits coherent radiation (3.1.123) of high spectral concentration of radiance and an
extremely small solid angle

Note 1 to entfy: Acronym for Light Amplification by Stimulated Emission of Radiation.

3.1.87
lens

piece of trapsparent material with one or more curved surfaces, whichds used to alter systematically
the direction of rays of light (3.1.88)

Note 1 to entfy: The term may also be used for a system of lenses which\in'principle, acts as a single lens.

3.1.871
aspherical Jens
lens (3.1.87) made with an aspherical (3.1.14) surface

3.1.87.2
Bertrand l¢ns

Amici-Bertrpnd lens
intermediatg lens (3.1.87.7) which transfersiah image (3.1.75) of the back focal plane (3.1.62.1) df the
objective (3.]..106) into the primary imageplane (3.1.117.4)

Note 1 to enfry: The Bertrand lens is-used for conoscopic observation in polarized-light microscopy arld for
adjustment ¢f the microscope illumihating system, especially in phase-contrast and modulation-contrast
microscopy.

3.1.87.3
eye lens
lens (3.1.87) or group-ofitenses of an eyepiece (3.1.52) nearest to the observer's eye

3.1.87.4
field lens
lens (3.1.87) positioned in or close to a field plane (3.1.117.2) in order to adapt the exit pupil (3.1.142) of
the preceding lenses to the entrance pupil of subsequent lenses

Note 1 to entry: Use of field lenses suppresses vignetting in the image and, more generally, provides homogeneous
illumination of the field to which it relates. The term is often used without qualification to describe the field lens
of the eyepiece.

3.1.87.5

gradient-index lens

lens (3.1.87) in which some or all of the refractive power results from axial, radial or spherical variation
in refractive index (3.1.125)

3.1.87.6
immersion lens
objective (3.1.106) or condenser (3.1.28) designed to work with an immersion liquid (3.1.78)
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3.1.87.7

intermediate lens
lens (3.1.87) located between the objective (3.1.106) and the primary image (3.1.75.2) which serves to
control the position and/or lateral magnification (3.1.90.8) of the primary image, and/or to ensure the
conditions for correct optical imaging if the actual optical interfacing dimensions (3.1.80.2) are different

from

the standard ones

3.1.87.8
photographic projection lens
projection lens (3.1.121) specially designed for photomicrography (3.1.115)

3.1.§79

relay lens

lens (3.1.87) for transferring an image (3.1.75) into another plane (3.1.117)

3.1.8§7.10

tube{lens

intermediate lens (3.1.87.7) designed to operate as an essential component oflinfinity-correct|
(3.1.106.3), and which should be regarded as part of the objective lens system when magni
corrgction (3.1.33) are considered

3.1.47.10.1

normal tube lens

particular tube lens (3.1.87.10) with which an infinity-corrected-abjective (3.1.106.3) is designg
3.1.8§7.10.2

focal length of the normal tube lens

IntL

focal|length(3.1.61) related to the magnification (3:1.90) and the focal length of the objecti
which are designed to operate with this tube lens(3.1.87.10)

3.1.47.11

tubelength correction lens

intermediate lens (3.1.87.7) used to ¢orrect optically any deviation of mechanical tubelen
nominal value

3.1.48

light

electromagnetic radiation{3.1.123) directly capable of causing a visual sensation

3.1.88.1

polarized light

light|(3.1.88) in which the vibrations are partially or completely suppressed in certain dire

given instant

Note

1 toentry: The vector of vibration may describe a linear, circular or elliptical shape.

ed objectives
fication and

d to operate

ves (3.1.106)

gth from its

rtions at any

3.1.8

8.1.1

elliptically-polarized light
polarized light (3.1.88.1) in which the vector of vibration describes an elliptical shape

3.1.88.1.2

plan
linea

e-polarized light
r-polarized light

polarized light (3.1.88.1) in which the vector of vibration describes a linear shape

3.1.88.2

stray light
light (3.1.88) which arises from scatter or reflection by the object (3.1.104), in lenses (3.1.87), or by
obstacles in the light path, and which does not contribute to image (3.1.75) formation and reduces the
contrast (3.1.32) in the image
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locating surface
locating flange
surface at which two interchangeable components fit together

Note 1 to entry: These surfaces are perpendicular to the optical axis and are responsible for setting the correct
axial location and centration of the optical and mechanical elements. They may coincide with reference planes
for optical interfacing dimensions.

3.1.89.1
locating flange of eyepiece
flange on the-eyepiece (? 1 '-‘\')) which locates it at a given level which is the p)mpinr‘o-lnr'nﬁng curfr

viewing tubd

Note 1 to ent
eyepiece.

3.1.89.2

(3.1.89.2)

"y: The locating flange of eyepiece is one of the reference planes for the parfocalizing distance

eyepiece-ldcating surface of viewing tube

surface at t
eyepiece (3.1

Note 1 to ent
the mechanid

3.1.89.3

objective-1
surface of t
with the loc

Note 1 to enf]
length, the p4g

3.1.89.4

he upper end of the viewing tube (3.1.144.6) which sets the level-of-the locating flan
.89.1)

al tube length.

cating surface of the nosepiece
e nosepiece (3.1.103) which locates the objective(31.106) at a given level and is coinc
iting flange of the objective (3.1.89.4)

ry: The objective-locating surface is one of the ' reference planes determining the mechanica
rfocalizing distance of the objective, and the)objective to primary image distance.

locating flange of the objective

objective sh

pulder

surface of af objective (3.1.106) whichJdocates it at a given level which is the objective-locating surfq

the nosepiec

Note 1 to ent
tube length a|

3.1.90
magnificat
process of
numerical e

Note 1 to ent

b (3.1.89.3)

ry: The locating flange-ef the objective is one of the reference planes determining the mechg
[nd parfocalizing distance of the objective.

on
rhanging\the apparent dimensions of an object (3.1.104) by optical techniques, o
kpression of the result of this

ce of

bf the

ge of

ry: The eyepiece-locating surface of viewing tube is one of the réference planes which determines

dent

tube

ice of

nical

- the

Fve.The type of magnification such as visual or lateral should always be specified.

Note 2 to entry: The more general term magnifying power as a measure of the ability of an optical system to
produce visual magnification and lateral magnification under specified operating conditions has been replaced
in this document by “magnification”, due to the more established use of this term in practical work.

3.1.90.1

magnification of an eyepiece

Mg

visual magnification (3.1.90.10) at the virtual image (3.1.75.4) formed from the primary image (3.1.75.2)
by the eyepiece (3.1.52)

Note 1 to entry: The value of the magnification of an eyepiece is the ratio of the reference viewing distance to the

focal length o

26

f the eyepiece, i.e.
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M, =250/ f,

where

Mg is the visual magnification of the eyepiece;
fE is the focal length of the eyepiece in millimetres;

250 isthe reference viewing distance in millimetres.

3.1.90.2
total magnification of a microscope used to produce a real image

Mro1 proy
laterpl magnification (3.1.90.8) at the real image (3.1.75.3)

Note [l to entry: The value of the total magnification of a microscope used to produce a realinfage ufing a normal
eyepiece intended for visual observation, or a photographic projection lens, whose projection fagtor has been
calcufated, is given by the product of the magnification of the objective, the total tubefactor, the magnification of
the eyepiece and the projection factor, i.e.

Mot proj =M Xqx Mg Xp

wherg

Mrorproj 1S the total (lateral) magnification of the micrescope;

IV, is the magnification of the objective;

0 is the total tube factor;

V. is the (visual) magnification of the eyepiece;
P is the projection factor.

Note R to entry: The value of the total magnification of a microscope used to produce a real image using a specially
designed photographic lens is given by the:product of the magnification of the objective, the total tube factor and
the nfagnification of the photographic projection lens, i.e.

Mot proy =M XqxM

PHOT
wherp

Mrorproj  1s thetotal (lateral) magnification of the microscope;

M, isithe magnification of the objective;

0 is the total tube factor;

Mphot is the (lateral) magnification of the photographic projection lens.
3.1.‘10.3
totalvi s s . . .
Mrotyis

visual magnification (3.1.90.10) at the virtual image (3.1.75.4) formed by the microscope (3.1.99)

Note 1 to entry: The value of the visual magnification of a microscope is given by the product of the magnification
of the objective, the total tube factor and the visual magnification of the eyepiece, i.e.

Mot vis =Mo*qxM

where
Mrotvis is the total (visual) magnification of the microscope;
M, is the magnification of the objective;
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q is the total tube factor;
Mg is the (visual) magnification of the eyepiece.
3.1.90.4

magnification of an objective with finite primary image distance

Mo

lateral magnification (3.1.90.8) at the primary image (3.1.75.2) formed at the distance from the objective
(3.1.106) specified in the design of the objective

Note 1 to entry: M should be expressed in proportional form, e.g. 10:1.

3.1.90.5

magnification of an objective with infinite primary image distance, in combination with the
normal tubje lens

My,

lateral magnification (3.1.90.8) at the real image (3.1.75.3) produced by the combinatioxn 0f the objgctive
(3.1.106) and the normal tube lens (3.1.87.10.1) (the tube lens with which the objective is designgd to
operate)

Note 1 to entfy: The value of the magnification of an objective corrected for an infinite primary image distapce is

given by the }

M. =\
where

MOOO

fNTL

fOoo
MOOO

3.1.90.6

axial magn
ratio betwe
space (3.1.1

3.1.90.7
empty mag
magnificatid

Note 1 to ent
sharpness an|

atio of the focal length of the normal tube lens to that of the objective;i.e.

TL /me

is the magnification of the objective corrected for'an infinite primary image distance;
is the focal length of the normal tube lens in millimetres;
is the focal length of the objective in millimetres;

should be expressed in numerical form with the multiplication sign, e.g. x10.

jfication
bn a given axial distance inummage space (3.1.76) and the corresponding distance in g
)5)

nification
n (3.1.90) greatet-than the useful range of magnification (3.1.90.9)

ry: Exceeding.the range of useful magnification gives no further information about the objeg
d contrast appear to decrease.

bject

t, but

3.1.90.8
lateral magnification
ratio of a givem distance inm the real image (3-1.75.3) normal to the optical axis (3-1.107) to the

corresponding distance in the object (3.1.104)

Note 1 to entry: This ratio should be expressed in proportional form, e.g. 10:1.

3.1.90.9

useful range of magnification for visual observation

range of total visual magnifications (3.1.90.3) within which details in the object (3.1.104) are clearly
seen in the image (3.1.75)

Note 1 to entry: The value of this range is usually taken to lie between 500 and 1 000 times the numerical
aperture of the objective. When the total visual magnification is less than the lower limit, the resolving power
of the objective cannot be fully utilized; when the total visual magnification exceeds the upper limit, empty
magnification occurs. This phenomenon is due to the resolving properties of the eye, generally assumed to be
between 2 and 4 minutes of arc.
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3.1.90.10

visual magnification

ratio of the tangent of the viewing angle (3.1.147) of the object (3.1.104) when observed through a
magnifying system with the image (3.1.75) at infinity, to that of the object when observed by the naked
eye at the reference viewing distance (3.1.124) (250 mm)

Note 1 to entry: This ratio should be expressed in numerical form with the multiplication sign, e.g. x10.

3.191

magnification changer
intermediate lens (3.1.87.7) for changing the lateral magnification (3.1.90.8) of the primary image
(3.L.2

Note|l to entry: The effect of a magnification changer is expressed as a tube factor, which may.he varied step by
step ¢r continuously. In the case of an infinity-corrected objective, the same effect may be achieved Hy exchanging
the tube lens for another of different focal length.

converging lens (3.1.87) used between an object (3.1.104) and the eye-te increase the vlewing angle

3.1.92.1

adjugtable magnifier (3.1.92) used to help in the precise\focusing (3.1.67) of an imagq (3.1.75) in

marking of optical components
inscijibing of data in the form of characters or coleur bands onto optical components in order to indicate
their{optical properties, values of certain properties and the origin of a component

Note [l to entry: Details are given in ISO 8578:

3.193.1

colour marking of objectives
marKing (3.1.93) of objectives (3.1.106) by means of coloured rings and/or engraving to denote
properties according to a coloyr code of objectives (3.1.93.1.1)

3.1.93.1.1

coloyir code of objectiyes
system of colour marking of objectives (3.1.93.1) by means of coloured bands applied to the [mount of an
objedtive (3.1.106)\indicating a range of magnification (3.1.90) and other properties

Note |l to entry:"The colours may be assigned from black, through the spectrum from red to violet,|and white to
denote increasing magnification, as detailed in ISO 8578.

3.1.94
micrograph
record of an image (3.1.75) formed by a microscope (3.1.99)

3.1.95

micromanipulator

instrument which allows fine manipulation of components of a preparation by means of mechanical
reduction of the movements of the hand whilst they are observed with a microscope (3.1.99)

3.1.96
micrometer
device for measuring small lengths
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stage micrometer
special graticule (3.1.70) in the form of a scale carried at natural size on a microscope (3.1.99) slide
(3.1.134) which is used as an absolute standard of length for calibrating microscope measuring systems

3.1.97

microphotography
photography, especially of documents, arranged to produce small images (3.1.75) which cannot be
studied without magnification (3.1.90)

Note 1 to entry: Not to be confused with photomicrography.

3.1.98
microproje
microscope |
demonstrat

3.1.99
microscope
instrument
the unaided

Note 1 to ent

the context that the imaging involved is by means of light.

3.1.99.1

binocular 1
compound m
eyes simultg

Note 1 to ent

and beam spllitter, both eyes are presented with identicalimages, and stereomicroscopes.

3.1.99.2

comparisonp microscope

system of t
(3.1.54)

Note 1 to enty
half of the fie

3.1.99.3
compound
microscope
objective an|

3.1.99.4

ctor
3.1.99) designed or adapted to project a magnified image (3.1.75) onto a screen (3.1.13!
on or drawing

designed to extend visual capability, i.e. to make visible minute detail that is not seen
eye

ry: The word is qualified by prefixes (electron, X-ray, acoustic, field-ion, etc.) unless it is clear

hicroscope
icroscope (3.1.99.3) in which a separate image (3.1.75) is presented to each of the obser
neously

y: There are two types of binocular microscope: those in which, by the use of a special viewing

wo microscopes (3.1.99), opticadlly linked to present their images (3.1.75) into one

y: The image field is usyally split so that the image from each microscope is seen in the correspo
|d enabling, for example;the fine details of two similar specimens to be compared.

microscopée
3.1.99) imnwhich the primary image (3.1.75.2) is generated by an objective (3.1.106),
d a tubelens (3.1.87.10), and is observed through an eyepiece (3.1.52)

) for

with

from

ver's

tube

field

hding

I an

dissecting

nirrnccn}’\e

low-power microscope (3.1.99) of long free working distance (3.1.69) used for dissecting

Note 1 to entry: This is nowadays generally a stereomicroscope.

3.1.99.5

fluorescence microscope
microscope (3.1.99) in which the image (3.1.75) is formed by light (3.1.88) emitted by fluorescence
(3.1.58) from the object (3.1.104) itself, and /or from a fluorochrome (3.1.60)

Note 1 to entry: The object may be regarded as self-luminous and the light emitted is not coherent.
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3.1.99.6

infrared microscope

microscope (3.1.99) in which the image (3.1.75) is formed with infrared radiation (3.1.123.1) and is
displayed by means of a photographic or electronic device

Note 1 to entry: Microscopy using near infrared radiation may be performed with a conventional microscope;
microscopy in the far infrared requires special equipment.

3.1.99.7
inverted microscope
microscope (3.1.99) in which the object (3.1.104) is observed from beneath the stage (3.1.136)

3.1.99.8
light microscope
micrgscope (3.1.99) which uses light (3.1.88) as the illuminating agent

Note [l to entry: This term is often loosely used to include ultraviolet microscopes anddnfrared microscopes.

3.1.99.9
monpcular microscope
micrgscope (3.1.99) which presents the image (3.1.75) to only one eye

3.1.99.10
polarized-light microscope
micrgscope (3.1.99) specially designed or additionally equipped for polarized-light (3.1.88.1) microscopy

Note [l to entry: In its fullest form it has a polarizer, analyser, strain-free lenses between the polalrs, a rotating
stagel equipped with a scale to measure rotation angles;@amechanism for centration of the stage and/or the
objectives and a focusable eyepiece with centred and oriented cross lines. There is also a Bertrand lens and a
tube fslot for the insertion of retardation plates andcc¢ompensators. A polarized-light microscope|for reflected
light |s sometimes known as an “ore microscope”.

3.1.99.11
refldcted-light microscope
micrgscope (3.1.99) which uses epi-illumination (3.1.73.2)

3.1.99.12

scanning optical microscope
micrgscope (3.1.99) specially designed to scan the object plane (3.1.117.5) or image plane (3{1.117.3) in a
rastgr pattern

Note|l to entry: Light'signals at discrete and uniform intervals are received from the object by a photoelectric
sensgr and displayed'on a screen or stored for further processing. The image is thus built up se¢rially. There
are tyo techniques-of scanning: one is based on movement of the illuminating beam with the objgct remaining
statignary, the\other on the movement of the object, the beam remaining stationary. The instrument may be
operated inthe confocal imaging mode.

3.1.9943
simple microscope
microscope (3.1.99) consisting of only one lens (3.1.87), the objective (3.1.106)

3.1.99.14

stereomicroscope

binocular microscope (3.1.99.1) in which the object (3.1.104) is observed by each eye from a slightly
different angle, such that disparate image (3.1.75) points will be imaged on corresponding points of the
retina and thus cause stereoscopic perception

Note 1 to entry: The Greenough microscope has two completely separate optical systems inclined at a particular
convergence angle with respect to each other with prisms and/or mirrors to give an erect image. More recent
systems use a common main objective whereby the convergence angle of both paths of rays is achieved by
dividing the pupil in the back focal plane of the objective.
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microscope

original design of low-power stereomicroscope (3.1.99.14) due to Greenough, consisting of two separate
compound microscope (3.1.99.3) systems mounted with their axes converging at an angle of between
10° and 15°, so that they observe a common object field (3.1.54.4) and in which prisms (3.1.119) and/or

mirrors are

3.1.99.15

fitted to erect the image (3.1.75) and usually to incline the viewing tubes (3.1.144.6)

ultraviolet microscope
microscope (3.1.99) in which the image (3.1.75) is formed with ultraviolet radiation (3.1.123.3) and is
displayed and recorded by means of a photographic or electronic device

Note 1 to ent]
perform micy

3.1.100

microscope
part of the 7
instrument

Note 1 to ent

3.1.101
monochron
lens (3.1.87)

(3.1.4) are minimized for only one wavelength

Note 1 to ent
a specific wa

3.1.102

mounting 1
liquid, synt
investigatio

Note 1 to er]

oscopy using the near ultraviolet; microscopy in the far ultraviolet requires special equipmeén

base
hicroscope (3.1.99) stand which rests on the work table and to which the‘ether parts
hre attached

Fy: In modern instruments, the base may contain parts of the illuminating system.

nat
in which the change of focal length (3.1.61) with wavelength is uncorrected, and aberra

Fy: The term is usually used to describe an objectivedanade of fused silica and designed to oper]
Uelength in the ultraviolet.

nedium
hetic resin or other medium in, which the object (3.1.104) or objects are place
h with the microscope (3.1.99)

try: For transmitted-light microscopy, this medium is transparent, colourless and of spe

ry: The well-corrected conventional microscope with high transmittance in ultraviolet regiorl may

-

f the

tions

ate at

] for

rified

refractive inglex, enclosed between the slide and the cover glass. For reflected-light microscopy, the mounting

medium is nd

3.1.103
nosepiece
part of the 4

3.1.103.1

centring ng
nosepiece (3
(3.1.106) to

rmally a resin with which'the'sample is impregnated so that a polished section may be made.

ody tube (3.1.¥44.2) which carries the objective (3.1.106)

sepiece
.1.108)~equipped with a centring mechanism which allows the position of the objg
be.adjusted laterally until its optical axis (3.1.107) coincides with the rotation axis

ctive
of a

£ 1 12, 71

rotating stage

3.1.103.2

LJ.J...L\JU.I J

revolving nosepiece
nosepiece (3.1.103) with a rotating turret which facilitates changing objectives (3.1.106)

3.1.104
object

anything from which an image (3.1.75) is formed

3.1.104.1

object marker
accessory which may be fitted to the nosepiece (3.1.103) which, when moved to replace the objective
(3.1.106), will mark an area of interest on an object (3.1.104) or preparation
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3.1.105
object space
space on that side of an optical system where the object (3.1.104) is located

Note 1 to entry: In reflection or formation of a virtual image, this space may coincide with the image space.

3.1.106

objective
first part of the imaging system, consisting of a lens (3.1.87), its mount and any associated parts, which
forms a primary image (3.1.75.2) of the object (3.1.104), either alone or in conjunction with a tube lens
(3.1.87.10)

dry
objed
unco|

3.1.1
finit
objed
capa

3.1.1
infin
objed
therg

Note
its na

3.1.1
long
objed
of th

3.1.1
plan
flat-f]
objed
imag

Note

3.1.1J)06.1

bjective
tive (3.1.106) where the medium between the front lens (3.1.87) and the cover glass (3
vered object (3.1.104), is air

06.2

P primary image distance objective

tive (3.1.106) corrected for a finite object to primary image distance+(3.1.80.2.2) and w
ble of forming the primary image (3.1.75.2)

06.3

ity-corrected objective

tive (3.1.106) corrected for an infinite object to primary image distance (3.1.80.2.2)
fore is used with a tube lens (3.1.87.10)

1 to entry: When combined with its normal tube lens of appropriate focal length, such an objg
minal magnification.

06.4
tworking-distance objective

.1.34), or an

hich alone is

and which,

ctive obtains

tive (3.1.106) designed to have a langer free working distance (3.1.69) than a conventional objective

b same magnification (3.1.90)

06.5
objective
ield objective
tive (3.1.106) so corrécted that the flattening of the curvature of the image field (3.1.4.4) in
P plane (3.1.117.4) is'emphasized in addition to the correction (3.1.33) of other aberration

1 to entry: This term does not imply any degree of correction for other aberrations.

3.1.1
spril
objed

whelp

06.6
ng-loaded objective
tive(3.1.106) so constructed that the front lens (3.1.87) and its mount will retract aga

the primary
5 (3.1.4)

nst a spring

brought into contact with the object (3.1.104) or an obstruction, thus preventing dam

hge to either

objector objective

3.1.106.7
screw thread for objective
screw thread for connecting a microscope (3.1.99) objective (3.1.106) to the nosepiece (3.1.103)

Note

1 to entry: Dimensions are given in ISO 9345.

3.1.106.7.1

RMS

thread

screw thread for objective (3.1.106.7), originally standardized by the Royal Microscopical Society

© ISO

2020 - All rights reserved
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objective spectral transmittance by design

OSTD

spectral transmittance calculated under the following conditions:

a) on-axis light (3.1.88) path;

b) internal absorption of transparent materials according to specifications by the materials
manufacturer is included;

c) reflectance of thin film coatings on optical surfaces (3.1.25) according to their nominal value is
included;

d) internalabsorption and surface reflectance of immersion media and specimen covering isnegl¢cted

Note 1 to entfy: For more information on spectral transmittance see ISO 19012-3.

3.1.107

optical axig

imaginary line joining the centres of curvature of lens (3.1.87) surfaces of an optical system or sub-syjstem

3.1.108

optical path length

optical distgnce

product of the geometrical length of an optical path in a homogeneolt's medium and the refractive jndex

(3.1.125) of the medium containing that path

Note 1 to entry: The optical path length is expressed either in length-units or as a fraction or multiple of a [given

wavelength. When the medium is inhomogeneous it is the sum or integral of the product of the geomelrical

lengths and refractive indices of the parts.

3.1.108.1

optical path length difference

OPD

difference i optical path length (3.1.108) between two optical paths due to differences in geometrical

length, refrdctive index (3.1.125), or bothtThe OPD is expressed in length units or wavelengths

3.1.109

parfocal

having the state that once any.lens (3.1.87) of a set which can be an objective (3.1.106), a tubg lens

(3.1.87.10) qr an eyepiece (3c1.52), has been focused on to the object (3.1.104) or adjusted so thgt the

image (3.1.75) lies at its carrect level, if this lens is exchanged for any others in that set at a conptant

setting of the microscope (3.1.99), only minimal readjustment of focus (3.1.65) may be necessafy to

restore shaipness

Note 1 to entry: A small readjustment may be needed, however, because of the accommodation which mayf take

place in the €

yes.of an observer. Tolerances for parfocality are given in ISO 9345.

3.1.110
phase

relative position in a cyclical or wave motion which is expressed as an angle, one cycle corresponding to
2t radians or 360°

Note 1 to entry: The term “in phase” corresponds to phase angles between the two occurrences of 0 and 2m
radians (360°) or a whole number multiple of these.
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3.1.110.1

phase difference
phase (3.1.110) angle or fraction or number of wavelengths by which one periodic disturbance or wave
lags behind or precedes another in time or space

Note 1 to entry: The phase difference is related to the optical path length difference OPD and the wavelength, A,
by the formula:

phase difference = 21 Lypp/A

wher

e

3.1.1
phasg
objed
diffrd

3.1.1
phasg
optid
(3.1

Note
imag
cond{

Lopp is the optical path length difference (OPD) (3.1.108.1);
P is the wavelength

11

e object
t (3.1.104) which produces a phase difference (3.1.110.1) between the direct light (3.1]
icted light (3.1.40), but has a small or negligible effect on the amplitude

12

e plate
al device used in phase contrast (3.1.32.4) microscopy mhich influences differentl
| 10) and amplitude of the direct light (3.1.45) and diffracted light (3.1.40)

1 to entry: The phase plate is placed in the back focal pldie/of the objective (or in the plane of]
b of it), where it receives an image of a diaphragm (usually annular) positioned in the front foc3
Prser.

3.1.1

pholl?macrography

prod
betw

3.1.1

photomicrograph

phot
3.1.1

photiomicrography

recol
a mig

Note

3.1.1
pixe

13

ction of a photographic image (3.1.75)‘0f an object (3.1.104) with a reproduction ratio
een 1:1 to about 15:1

14

bgraphic record of an image)(3.1.75) formed by a microscope (3.1.99)
15

'ding by photography of an image (3.1.75) formed by a microscope (3.1.99); i.e. photogra
roscope

1 to entry: Not to be confused with microphotography.

16

145) and the

y the phase

a succeeding
1 plane of the

in the image

phy through

smal

1 £l Lo - ) £ 2 4. 23 11 -1 . 1
CSU CICHICTIU O LIIC ULy ItUr IIMUye (o.4.15 ) 1O WIHICIT AULT'TDULES 4dI'C dS5SIZ1IEU

3.1.116.1
pixel size
shortest distance from the centre of one pixel (3.1.116) to the centre of an adjacent pixel measured in
object space (3.1.105)

3.1.117

plan
imag

© ISO

e
inary surface normal to the optical axis (3.1.107)
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aperture plane

pupil plane

plane (3.1.117) containing the pupil (3.1.122) of an optical system and any plane conjugate (3.1.29) with it

Note 1 to entry: A diaphragm inserted in an aperture plane will act as an aperture diaphragm.

3.1.117.2
field plane
object plane

Note 1 to ent

(3.1.117.5) and any plane conjugate (3.1.29) with it

ry: A diaphragm inserted in a field plane will act as a field diaphragm

3.1.117.3
image plan
any field pla

3.1.1174
primary im
image plane

Note 1 to ent
dimensions.

3.1.117.5
object plan
that field plg

Note 1 to ent

3.1.117.6

reference p
surface of i
microscope,

3.1.118
polar
device whic

3.1.118.1
analyser
polar (3.1.11
light (3.1.88

Note 1 to ent

3.1.118.2

P
e (3.1.117.2) in which an image (3.1.75) is situated

age plane
(3.1.117.3) in which the primary image (3.1.75.2) is formed

ry: The primary image plane is important as one of the reference planes for the optical interf

e
ne (3.1.117.2) in which the object (3.1.104) is situated

y: The object plane is important as one of the reference planes for the optical interfacing dimen
lane

 microscope (3.1.99) component orra“plane (3.1.117) in the light (3.1.88) path o
used as a limit for one of the opticalinterfacing dimensions (3.1.80.2)

h selects plane-polarizedgight (3.1.88.1.2) from natural light (3.1.88)

8) used after theobject (3.1.104) to determine optical effects produced by the object o
), polarized or-etherwise, with which it is illuminated

Fy: It is usually positioned between the objective and the primary image plane.

crossed pol

acing

sions.

[ the

n the

ars

state in which the polarization directions of the polars (3.1.118) (polarizer (3.1.118.4) and analyser
(3.1.118.1)) are mutually perpendicular

3.1.118.3

parallel polars
state in which the polarization directions of the polars (3.1.118) [polarizer (3.1.118.4) and analyser
(3.1.118.1)] are parallel

3.1.118.4
polarizer

polar (3.1.118) placed in the light (3.1.88) path before the object (3.1.104)
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3.1.119
prism

block of transparent material limited by at least two intersecting planes, used to disperse light (3.1.88)

or deviate it through an angle

3.1.119.1
Nicol prism
type of polarizing prism (3.1.119.3)

3.1.119.2
Nomarski prism
formref-ottasts

3.1.119.4

af one of the

eams so that
| plane of the
he condenser.

y refraction

ss, cemented

1 light having
n one of these
plitter. Many
col.

double prism (3.1.119) formed from_two pieces of double-refracting material, which cajn be calcite

beanps of plane-polarized light having mutually perpendicular vibration directions, propag

12) into two
rated in two

different directions
3.1.120
projection factor
p
factdr by which thé total magnification of a microscope (3.1.90.2) is changed when formingfa real image
(3.1.75.3) of the.object (3.1.104) onto a detecting device such as a photographic emulsion in|a camera
Note [l to entry:*The image can be formed in different ways:
a) [Using.a normal eyepiece intended for visual observation, together with an infinity-corrected camera lens
flocused at infinity, the value of the projection factor is given by:
p=fPRo] /250
where
p is the projection factor;
feroj s the focal length of the camera lens in millimetres;
250 is the reference viewing distance.
b) Using only a normal eyepiece intended for visual observation, the value of the projection factor is

given by:
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mary
rideo

p=a/250
where
p is the projection factor;
a is the distance from the back focal plane of the eyepiece to the projected image in millimetres;
250 is the reference viewing distance.

c) Usinga projection lens. A projection lens can be assigned a magnification for producing a real image
in a given plane. The value of the magnification of the projection lens, Mpy;o7, is used to calculate the
total magnification of the microscope used to produce the real image.

3.1.121

projection lens

lens (3.1.87) which forms a real image (3.1.75.3), at a finite distance, of the microscope’s(3:1.99) pri

image (3.1.75.2) and which is used for projection, drawing, photomicrography (3:1:115) and Y

purposes

Note 1 to ent

positive

positive

negative

3.1.122
pupil
minimum c
and in imagq
Note 1 to ent

3.1.122.1

y: A projection lens may take the form of a
or converging lens positioned between the primary image and the-prejected image,
or converging lens positioned in front of both images,

or diverging lens positioned in front of both images.

pbmmon cross-section of all ray bundles bothin object space (3.1.105) (the entrance g
p space (3.1.76) (the exit pupil) of a lens (3:12:87)

Fy: This term may indicate an aperture ot-the image of an aperture.

entrance pypil of the microscope

image (3.1.7
certain low-

Note 1 to ent
pupil can als

5) of the objective’s (3.1.106)aperture diaphragm (3.1.38.1) at infinity (except in the cg
magnification objectives)in object space (3.1.105)

Fy: If the microscopehds’an illuminating system, any plane conjugate with the microscope ent
be called the entrance pupil of the entire microscope.

3.1.122.2
exit pupil o
eyepoint
area lying i

the microscope

aplane (3.1.117) several millimetres after the eyepiece (3.1.52) on the observer's

upil)

se of

rance

side
bther

where an image, (3.1.75) of the objective’s (3.1.106) exit pupil (3.1.122) is formed by the eyepiece tog

rimadiato lopcac (2 1 Q7 77

with any inte

T COTaTCTCTToCo (=077

Note 1 to entry: The exit pupil of the microscope is important because its position and size dictate the position of
the pupil of the observer's eye and the nature of other succeeding optical systems such as cameras.

3.1.123
radiation
energy in th

3.1.123.1
infrared ra

e form of electromagnetic waves or particles

diation

radiation (3.1.123) in which the wavelengths of its components are longer than those for visible light

(3.1.88) and

38
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3.1.123.2

monochromatic radiation
radiation (3.1.123) consisting of only a single wavelength, or of only a very narrow band of wavelengths
of which the central wavelength is quoted

3.1.123.3

ultraviolet radiation
radiation (3.1.123) in which the wavelengths of its components are shorter than those of visible light
(3.1.88) and longer than about 100 nm

3.1.124

refe
inter
the c

Note

3.1.1

refractive index

nor
ratio|

3.1.1

relief

<sur

Note
shad

3.1.1

- - RIS
CIICT VIUVWVY llls UISLAdIILT

nationally agreed standardized distance of 250 mm between an object (3.1.104) andt
prnea of the eye

25

’

1

26

face> differences in height of a surface, e.g. of a flat sculpture

1 to entry: When illuminated from one side, such an object shows a characteristic distributio
w which enables the observer to recognize the three-dimensional form of the object.

27

relief
<corjtrast techniques> light (3.1.88) distribution appearing in microscopy using azimuthal methods

like (
or m
path

Note
to av
of rel

3.1.1
reso
resu

Note

Note

blique illumination (3.1.73.4), relief eantrast (3.1.32.5), differential interference contrast
odulation contrast (3.1.32.3) at(the' interfaces of object (3.1.104) elements with diffq
length (3.1.108), even when no-geometrical relief (3.1.126) exists

bid misinterpreting optical path length differences as being geometrical ones. A further misi

ef may be caused by inversion.

28
Jution
t of displaying fine details in an image (3.1.75)

1 to entrys The term “resolution” sometimes refers to its quantitative expression, the resolved

D to entry: When used without any qualification, this term refers to distances at right angles to th

he vertex of

1 to entry: This term supersedes the older “nearest distance of distinct vision” in gpti¢al calcufations.

of the speed of light (3.1.88) (more exactly, the phase velocity) in @ vacuum to thatin a given medium

n of light and

(3.1.32.2.1)
rent optical

1 to entry: In this case, the light distribution appears similar to that produced by a genuine relief. Take care

hterpretation

distance.

e optical axis.

3.1.128.1
lateral resolution
resolution (3.1.128) perpendicular to the optical axis (3.1.107)

3.1.128.2

minimum resolvable distance
smallest separation of points in an object (3.1.104) which can be recognized as distinct in an image
(3.1.75)

Note

1 to entry: In microscopy this is normally expressed in units of length (um or nm).

3.1.128.3
resolved distance
distance equal to or greater than the minimum resolvable distance (3.1.128.2)
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3.1.1284

resolving power

ability to make points or lines which are closely adjacent in an object (3.1.104) distinguishable in an
image (3.1.75)

Note 1 to entry: High resolving power implies that the resolved distance is small.

3.1.128.5
axial resolution
resolution (3.1.128) in the direction of the optical axis (3.1.107)

3.1.128.4.1
diffraction [limit of resolving power
diffraction limit

fundamental limitation imposed upon the resolving power (3.1.128.4) of a system by the phenemenjon of
diffraction (B.1.41) alone and not by aberrations (3.1.4)

3.1.129
retardation
difference in optical path length (3.1.108) expressed in wavelengths, length-lrhits or phase angles
between twp mutually perpendicular plane-polarized light (3.1.88.1.2) waves

3.1.130
retardation plate
compensator
piece, or pi¢ces, of optically anisotropic (3.1.8) material with plane faces, inserted between crpssed
polars (3.1.118.2) in a diagonal position to produce a specific‘optical path length difference (3.1.108.1)
between mytually perpendicular plane-polarized light (3.1.88:1.2) waves

3.1.131

scale bar
line of calculated length drawn on a micrograph (3:1.94) to indicate the length in the micrograph of a
stated length in the object (3.1.104)

3.1.132
screen
reflecting of translucent surface onwhich a real image (3.1.75.3) may be formed and observed

3.1.133
semi-apochromat
fluorite objdctive

objective (3[1.106) intermediate in its correction (3.1.33) and complexity of construction between
achromats (B.1.6) and-gpochromats (3.1.13)

3.1.134
slide
flat rectangular plate of glass on which an object (3.1.104) is mounted for microscopical examinatibn

Note 1 to entry: For calculation and correction of the condenser, it is regarded as part of the condenser, so that its
thickness, refractive index and dispersion must be adapted to the demands of the condenser. These parameters
together with its length and width are defined by ISO 8037-1.

3.1.135
source
source of radiation (3.1.123)

3.1.135.1

point source

source whose dimensions are sufficiently small to cause the emitted radiation (3.1.123) to have a very
high degree of coherence
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3.1.136

stage

microscope stage

platform, at right angles to the optical axis (3.1.107) of the microscope (3.1.99), which carries the object
(3.1.104) and which is often fitted with mechanical movements [as in a mechanical stage (3.1.136.6)]
to allow easy positioning of the object in the x- and y-axes, and movement along, and rotation about,
the z-axis

3.1.136.1

centring stage
rotating stage (3.1.136.7) fitted with provision for bringing its axis of rotation into coincidence with the
optidal axis (3.1.107) of the microscope (3.1.99)

3.1.136.2
cooling stage
stagg (3.1.136) fitted with means for lowering the temperature of the object (3.1(104)

3.1.136.3

gliding stage
movable stage (3.1.136) consisting of two flat plates, the upper of whichican be moved smjpothly in all
diregtions in the x-y plane over the lower one, which is fixed to the stdnd (3.1.138)

Note [l to entry: The ease of movement is regulated by the viscosity of the layer of grease which is used to connect
the tyo plates.

3.1.136.4
heating stage
stage (3.1.136) fitted with means for raising the temperature of the object (3.1.104)

3.1.136.5

levelling stage
stagq (3.1.136) designed to hold a polished section so that its surface is normal to the|optical axis
(3.1.107) of the microscope (3.1.99)

3.1.136.6

mechanical stage
stagq (3.1.136) fitted with screw’ or rack mechanisms to assist in precise translational movement of the
objedt (3.1.104) in the x and y~directions

Note [l to entry: The stage may be manually or motor operated, attachable, or built into the microsqope stand. In
compjuter-controlled microscopes, motors are used to drive the stage.

3.1.136.7
rotating stage
stage (3.1.136) fitted with means for rotating the object (3.1.104) with respect to the|optical axis
(3.1.107).of the microscope (3.1.99) which may or may not be centrable and/or calibrated fof measuring
angles-of rotation |r

3.1.136.8

scanning stage

mechanical stage (3.1.136.6) electronically or electrically controlled to move the object (3.1.104) in
steps or continuously in a raster fashion

3.1.136.9

universal stage

device mounted on a rotating stage (3.1.136.7) and equipped with a gimbal mechanism for movement of
the object (3.1.104), which enables the effect of optical anisotropy to be investigated at any direction of
illumination (3.1.73) or observation

Note 1 to entry: The movements comprise calibrated tilting and rotation around three or four axes (according to
the type of stage) in addition to the usual movements of the microscope stage.
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stage clip
flat spring u

:2020(E)

sed to hold a slide (3.1.134) in contact with the microscope (3.1.99) stage (3.1.136)

Note 1 to entry: The use of stage clips facilitates the precise movement of a slide with the fingers.

3.1.138
stand
microscope

stand

chassis on which the mechanical and optical parts of the microscope (3.1.99) are carried

3.1.139

stop
diaphragm (|

Note 1 to ent

3.1.140

strain-free
property of
by careful sq
is minimize

3.1.141

substage
assembly of
light micros
and, option
(3.1.87) wit

3.1.142
temporal r¢
smallest tin
independen

3.1.143

test object
object (3.1.1
(3.1.1), diatd

3.1.144
tube
part of the

Note 1 to en
objective-loc

3.1.38), usually of fixed size

Fy: This term is often used loosely.

h [ens (3.1.87) intended for use with the polarized-light microscope (3.3:99.10), manufact
lection and mounting of its component parts so that double refraction (3.1.48) due to s
il

rope (3.1.99) before the stage (3.1.136), consisting@f the condenser (3.1.28) with its cq
hlly, a filter (3.1.55) tray, a polarizer (3.1.118.4). with its carrier and/or auxiliary I
h their carriers

psolution
e interval between sequential digital (3.2.13) or electronic images (3.2.14) from
[ information can be obtained

04) designed to assess thé performance of a microscope (3.1.99) system, e.g. Abbe test
m preparation

nicroscope (3-1.99) which connects the objective (3.1.106) and the eyepiece (3.1.52)

fry: In_€arly microscopes, the tube was in the form of a hollow cylinder carrying at one en|
hting surface and at the other the eyepiece -locating surface. In microscopes of more recent d

ured
train

mechanical and opto-mechanical parts attached tosthe stand (3.1.138) of a transmitted-

rrier
bnses

rhich

plate

d the
bsign,
. The

the tube may

beydivided into two or more sections or housings, one or more being attached to the stand

housings mayTot be cylimdricat-butshaped to offertie oSt CONVeTient maniputation of tie mnciuded

opto-

mechanical elements. In the case of a reflected-light microscope, that part of the epi-illuminator, which is situated
between the nosepiece and the primary image plane, is considered to be part of the tube.

3.1.144.1

binocular tube
viewing tube (3.1.144.6) designed to accept two eyepiece (3.1.52) for binocular viewing

42
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3.1.144.2

body tube

part of the tube (3.1.144), fixed to or incorporated into the stand (3.1.138), containing the nosepiece
(3.1.103) on one side and carrying the intermediate tube (3.1.144.3) or viewing tube (3.1.144.6) on the other

Note 1 to entry: For certain purposes, the body tube may contain optical or opto-mechanical elements,
e.g. intermediate lenses, beamsplitter, magnification changer, reflector or epi-illuminator, Bertrand lens,
mechanisms for operating filters, retardation plates, etc. For work with infinity-corrected objectives, it may
contain the tube lens.

3.1.144.3
intermediate tube

optignal part of the tube (3.1.144) which is a housing, either integral with the stand|3.1.138) or
exchangeable, forming part of the tube and containing some opto-mechanical elements

EXANPLE Magnification changer, filter tray, Bertrand lens, analyser, slots for holding retardlation plates,
beamsplitter, etc.

3.1.144.4
monpcular tube
viewing tube (3.1.144.6) designed to accept only one eyepiece (3.1.52)

3.1.144.5

tringcular tube
viewing tube (3.1.144.6) designed to accept two eyepieces (3.1¢52) for binocular viewing, tqagether with
a third eyepiece or other lens (3.1.87) to enable simultaneous'and/or alternate viewing and|other use of
the image (3.1.75)

3.1.144.6

viewing tube
part|of the tube (3.1.144) equipped to carry one or more eyepieces (3.1.52), limited at on¢ end by the
eyeplece-locating surface (3.1.89.2) and at the-other by the body tube (3.1.144.2) locating surface (3.1.89)

Note [l to entry: For use with infinity-corrected objectives, it may contain the tube lens.

3.1.145

tubellength
distance between mechanical-dnd/or optical surfaces or planes (3.1.117) in the tube (3.1.144) of a
micrgscope (3.1.99)

3.1.145.1

mechanical tube Jength
distance in air_bétween the objective-locating surface of the nosepiece and the eyepiece-locating
surfdce of the'viewing tube

Note |l to.entry: It is the length of the tube in its simplest form without any intermediate lenses for objectives
corrected for a finite primary image distance.

Note 2 to entry: It commonly has a value of 160 mm. See ISO 9345.

Note 3 to entry: For infinity-corrected objectives, the mechanical tube length is hypothetically considered to be
infinite.

3.1.145.2

optical tube length

distance between the back focal plane (3.1.62.1) of the objective (3.1.106) and the primary image plane
(3.1.117.4)

Note 1 to entry: This distance is not one of the optical interfacing dimensions of the microscope and is relevant
only to tubes fitted with finite primary image distance objectives.
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3.1.146
tube factor

q

factor by which the lateral magnification (3.1.90.8) at the primary image (3.1.75.2) is changed by an
intermediate lens (3.1.87.7) or lens (3.1.87) system inserted between the objective (3.1.106) and the
primary image

Note 1 to entry: Intermediate lenses can be fixed, interchangeable, or associated with accessories having their
own tube factors. The total tube factor is the product of individual factors of the intermediate lenses. In the
case of objectives corrected for infinite primary image distance, the value of the tube factor of a tube lens used
instead of the normal tube lens, with which the objective is designed to operate, is given by the ratio of its focal
length to thatefthenormaltubelens-i-e

q=fr / farL

where

q i$ the total tube factor;
fr 1§ the focal length of the tube lens in millimetres;

fnt  1$ the focal length of the normal tube lens in millimetres.

3.1.147
viewing angle
angle subtended by an object (3.1.104) or a field (3.1.54) at the eye

3.1.1471
angle of vigw
<eyepiece> angle between two principal rays coming from'opposite points on the margin of the visual
field diaphrdgm (3.1.38.8) of the eyepiece (3.1.52) and.passing through the centre of the exit pupil ¢of the
microscope (3.1.122.2)

Note 1 to entfy: The extent of the retina covered hy. the image is governed by this angle.

3.1.148
zoom

property of|an optical system signifying that its focal length (3.1.61) and magnification (3.1.90) can
be changed|continuously between limits by moving a single lens (3.1.87) or group of lenses without
altering the|positions of the object-planes (3.1.117.5) or image planes (3.1.117.3)

3.2 Terms and definifions relating to advanced techniques in light microscopy

3.21
acousto-optical medulator
electronically-tunable device used to control the direction and/or intensity (3.1.79) of a laser (3.1.86) by
an acousticglly-induced diffraction grating (3.1.42) in a crystal

3.2.2

acousto-optical tunable filter

AOTF

electronically-tunable filter (3.1.55) for selection of wavelengths by an acoustically-induced diffraction
grating (3.1.42) in a crystal

3.2.3

aliasing

phenomenon caused by sampling at too low a frequency (i.e. lower than the Nyquist frequency) resulting
in the loss of information and/or the creation of spurious information
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3.2.4

auto

focus

method of bringing an object (3.1.104) automatically into focus (3.1.65), controlled by an imaging
software algorithm and/or a hardware device that detects the object position

3.2.5

background subtraction
removal of that part of the signal that is present in the absence of the object (3.1.104), to reveal
underlying image (3.1.75) information

3.2.6

binnl‘ius

mod

is read out as a single value

3.2.7
confpcal

micr
limit]
area

in a qubsequent field plane (3.1.117.2)

3.2.9

channel
particular signal path containing one type of image (3.1.75)information

3.2.9

co-lgcalization
overlay of digital images (3.2.13) with coincidence-of pixels (3.1.116) corresponding to the
(3.1.104) points containing different information

3.2.10

conf
micr
diffr
dete

Note
illum

Note

focus planes.

3.2.10.1
laser-scanning confocal microscopy
confgcaDmicroscopy (3.2.10) in which the light (3.1.88) source is a laser (3.1.86)

e of operation of an image sensor where the charge of adjacent pixels (3.1.116) is aecul}

pscopy state in which, ideally, a point in the object field (3.1.54.5) is illuminated by a
ed spot of light (3.1.88), and light emanating from this point is focuséd upon and deteq
smaller than the central area of the diffraction disc (3.1.7.1) situatediin the correspond

pcal microscopy
bscopic technique in which, ideally, a point in the object plane (3.1.117.5) is illum
hction-limited spot of light (3.1.88), and light emanating from this point is focuse

1 to entry: An image ef an extended area is formed either by scanning the object, or by
nated and detected'spots simultaneously.

2 to entry: The.confocal principle leads to improved axial resolution by suppression of light

nulated and

diffraction-
ted from an
ing position

same object

inated by a
d upon and

‘ted from an area smaller.than the central area of the diffraction disc (3.1.7.1) sitgated in the
corrg¢sponding position in a subsequent field plane (3.1.117.2)

scanning the

from out-of-

3.2.10.2
multiple-beam confocal microscopy
confocal microscopy (3.2.10) using more than one illuminated and detected spot simultaneously

3.2.10.3

Nipkow disc confocal microscopy
confocal microscopy (3.2.10) in which the scanning (3.2.41) of the illuminated and detected spots is
performed using a Nipkow disc (3.2.10.3.1)

3.2.10.31
Nipkow disc
opaque disc with many small holes, ideally identical, arranged in Archimedean spirals

© ISO

2020 - All rights reserved

45


https://standardsiso.com/api/?name=8ec533b57dbf886c6f9fd728f1fa7bbc

ISO 10934

3.2.10.3.2

:2020(E)

tandem-scanning confocal microscopy
Nipkow disc confocal microscopy (3.2.10.3) in which the illuminating light (3.1.88) and the detected light
pass through separate holes

3.2.10.4

spectral confocal microscopy
confocal microscopy (3.2.10) in which a spectrum is recorded corresponding to spatial positions in an
object (3.1.104)

3.2.10.5

theta confoeal-miet OSCOPY

confocal mid
to one anot]
(3.1.49) and

3.2.10.6

white-light
confocal mid
throughout

3.2.10.7
confocal pd
product of
confocal miq

3.2.10.8

confocal vollume

effective vo
confocal miq

3.2.10.9

4 pi confocal microscopy

confocal mid
coincident i

image (3.1.75) signal is derived, and with further processing produces an digital (3.2.13) or elec]

image (3.2.1]

3.2.11

deconvolut
<microscop
the frequen

Note 1 to ent
blind deconv

roscopy (3.2.10) in which two objectives (3.1.106) positioned at an angle, 6, with re
ner, and with focal points (3.1.63) coincident in the object (3.1.104), are used forlexcit]
collection respectively

confocal microscopy
roscopy (3.2.10) using an illumination (3.1.73) source (3.1.135) and a detector oper
the visible spectrum

int spread function
the point spread functions (3.2.34) of the illuminating®and detecting optical syster
roscopy (3.2.10)

ume around each point in the object (3.1.104) which gives rise to the image (3.1.7
roscopy (3.2.10)

roscopy (3.2.10) in which two opposing objective (3.1.106) lenses with focal points (3.
h the object (3.1.104) are used to produce interference in the focal region from whig

5) with enhanced axial resolution (3.1.128.5)

jon
> mathematical technique for reducing blur, performed either in the spatial domain,
'y domain bydnverse filtering techniques

ry: If the'deconvolution is based solely on theoretical as opposed to measured values it is knoy
blutiof:

bpect
ntion

ating

NS in

5) in

1.63)
h an
ronic

orin

Vi as

3.2.12

digitally enhanced contrast
contrast (3.1.32) enhanced by manipulation of the intensity and/or colour values in a digital image

(3.2.13)
3.2.13

digital image
image (3.1.75) in which the information is in the form of binary or another machine code

3.2.14
electronic i

mage

image (3.1.75) in which the information is in the form of electrical signals
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3.2.15
extended depth of field microscopy
microscopy in which the point spread function (3.2.34) is modified in a known fashion

such that it

becomes substantially invariant over an extended focal range, and by further processing results in an

digital (3.2.13) or electronic image (3.2.14) with extended depth of field (3.1.36)

3.2.16
extended focus image

<image processing> two-dimensional digital image (3.2.13) derived by summing the pixel (3.1.116)

intensity values in a projection through an image stack (3.2.27.1)

3.2.17

fluoyescence correlation microscopy
micrpscopy in which time-dependant intensity (3.1.79) fluctuations occurring within(@\con|
(3.2.10.8) are used to calculate the mobility of fluorescent molecules

3.2.18

fluoyescence in-situ hybridisation microscopy
FISH
micrpscopy in which chromosomes or specific positions within chromosomes can be f
labelled by in-situ hybridisation

franmje averaging
averaging the pixel (3.1.116) values from sequential digital (3.2.13) or electronic ima
recorded underyidentical conditions

Note [l toehitry: Used to increase signal-to-noise ratio.

focal volume

uorescently

(3.1.58), the

ges (3.2.14)

3.2.33

image intensifier
device which increases the dynamic range of a signal to match the range of the detector

3.2.24
linear array sensor
detector in the form of a line of sensitive elements

3.2.25
maximum intensity image

<image processing> two-dimensional digital (3.2.13) or electronic image (3.2.14) derived from the

maximum pixel (3.1.116) intensity values in a projection through an image stack (3.2.27.1)
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3.2.26
microchannel plate
device positioned in front of a detector array to multiply incoming photon flux by secondary emission

3.2.27

multidimensional image data set

digital (3.2.13) or electronic image (3.2.14) data generated by recording data from a sample using several
parameters, e.g., three-space dimensions, wavelength, time, polarization

3.2.271
image stack
multidimensgonet l.luulyc dateset (3

s ]
y

7 H L. £l i H 1 H £ Log 4.{")1104_
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3.2.27.2
focus series
Z stack
image stack|((3.2.27.1) acquired at different focal positions

3.2.28
multi-modé¢ fibre
optical fibrg that can sustain more than one transverse electromagnetic mode

3.2.29
multi-photon fluorescence
fluorescencd (3.1.58) excitation (3.1.49) by the simultaneous absorption of multiple coherent photojns

3.2.29.1
multi-photon fluorescence microscopy
microscopy [in which the image (3.1.75) is formed by multisphoton fluorescence (3.2.29)

Note 1 to enfry: Since sufficient excitation intensity is,achieved only in a limited focal volume, multi-photon
fluorescence|results in optical sectioning without the heed for a confocal pinhole. It also permits excitatipn by
longer wavelg¢ngths.

3.2.29.1.1
two-photon fluorescence
fluorescenced excited by pairs of coheréntphotons

3.2.30
optical section
image (3.1.75) from a thin région whose thickness within a thick object (3.1.104) is defined by the|axial
resolution (3.1.128.5) of the optical system

3.2.31
photobleaching
destruction|of fluorescing properties of molecules by light (3.1.88), resulting in reduced fluoresgence
(3.1.58) of théssample

3.2.32

pinhole

<confocal microscopy> diaphragm (3.1.38) situated in a plane conjugate (3.1.29) with the object
(3.1.104), which restricts the area in the object plane (3.1.117.5) that is illuminated and/or from which
light (3.1.88) is collected

3.2.33
point detection
detection of light (3.1.88) collected from a restricted point-like area of an image (3.1.75)
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3.2.34

poin
PSF

t spread function

<microscope system> mathematical expression of the distribution of the light (3.1.88) amplitude or

inten

sity (3.1.79) in the image (3.1.75) of a point source (3.1.135.1)

3.2.341

intensity point spread function
mathematical expression of the distribution of the light (3.1.88) intensity (3.1.79) in the image (3.1.75)
of a point source (3.1.135.1)

3.2.3

4.2
e Xy~

amp
matH
point

3.2.3
Ram|
micr

3.2.3

litude point spread function
ematical expression of the distribution of the light (3.1.88) amplitude in the jimage
source (3.1.135.1)

5
an microscopy
bscopy utilizing Raman scattering as the source of image (3.1.75) information

5.1

coherent anti-stokes Raman scattering microscopy

CAR
micr
cohe

Note
emisy

3.2.3

SRS
micr
by st

Note
resory

3.2.3
ratid

b microscopy
pscopy technique that employs multiple photons to induce’the molecular vibrations an
Fent signal to form an image (3.1.75)

1 to entry: One of the attributes is that the signal is orders of magnitude stronger than sponta
ion.

5.2

stim]t;lated Raman scattering microscopy

icroscopy
pscopy technique that detects intensity (3.1.79) modulation of an excitation (3.1.49) 4
imulated Raman excitation of the yibrational transition

1 to entry: The key attributewef'SRS microscopy is that it provides higher contrast imaging
ant background signals.

6

for

imaging

corr¢sponding pixelwalues of two images (3.1.75)

3.2.37
real time imaging
displayifigior analysing images at the same rate as that at which they are collected

(3.1.75) of a

1 produces a

heous Raman

eam caused

without non-

ing a digital imdge (3.2.13) in which the pixel (3.1.116) values are obtained by dividing the

Note T to entry: This rate 1s normally also commensurate with the dynamics of the processes to be observed

withi

n the specimen and perceived to be continuous by the eye.

3.2.38
region of interest

ROI

parts of an image (3.1.75) to which discrete observations are applied

3.2.39

scan

rate

number of scan cycles completed per unit time
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3.2.40
scanned field
dimensions of the scanned area in object space (3.1.105)

3.241
scanning
sequential illumination (3.1.73) of or detection from regions in an object (3.1.104)

Note 1 to entry: Scanning may be accomplished by moving the object, illuminating beam(s), objective or
detector(s).

3.2411

descanning
process by which an imaging beam retraces the path of the illuminating beam through the.seanning
(3.2.41) meg¢hanism to produce a stationary beam

3.2.41.2
line scannipg
scanning (3.2.41) along a single line

3.2.41.3
non-descanned detection
NDD
technique of obtaining an image (3.1.75) signal in a scanning micraoscepe (3.2.42) without descanning
(3.2.41.1)

Note 1 to entfy: Widely used in multiphoton fluorescence microscopy:

3.2.414
point scanning
scanning (3.2.41) an area using a spot of light (3.1.88)

3.2.41.5
raster scanning
scanning (3.2.41) an area by a pattern of lines

3.2.41.6
slit scanning
scanning (3.2.41) an area with a bar of light (3.1.88)

3.2.41.7
stage scanning
scanning (3.2.41) performied by moving the stage (3.1.136) and hence the object (3.1.104)

3.2.42
scanning micrescope
microscope (33.99) in which the image (3.1.75) is formed by scanning (3.2.41)

3.242.1

disc scanning microscope

scanning microscope (3.2.42) in which scanning is achieved by means of a perforated disc rotated in the
illumination (3.1.73) and/or observation paths

3.2.42.2
laser-scanning microscope
scanning microscope (3.2.42) in which the object (3.1.104) is scanned by a laser (3.1.86) beam
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