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BRIEF HISTORY

This ISO Recommendation R5 was prepared by Technical Committee
ISO/TC 42 — Photography, the Secretariat of which is held by the ‘American
Standards Association, Inc. (ASA). ,

In April 1948, the Secretariat asked the General Secretariat to submit, as
a Draft Proposal, for study by the Technical Committee, the American Standard

Z 38.2.5 — 1946, concerning diffuse transmission density. This Draft Proposal
was distributed on 12 May, 1948, to all the Members of the Technical Committee.
In view of the fact that no observations were received, the Secretariat considered
the Draft Proposal as adopted by the Technical Corrmuttee as a Draft ISO
Recommendation. s

In January 1951, this Draft ISO Recommendation was subinitted to the
ISO Member Bodies by the General Secretariat. Out of 29 ISO. Member Bodies,
the following 17 sent in their approval: g

Australia Mexico Switzerland

Austria Netherlands’ Union of South Africa
Belgium New Zeala,rid United Kingdom
Czechoslovakia Poland U.S.A.

Finland Portug;ai Yugoslavia.

Italy Sweden

The following 2 Member Bodle‘s stated that they had no objection to the
approval of the Draft: /,
v,ﬁenmark
/ France

The ISO/TC 42 Qecretamat amended the Draft, taking account of the obser-
vations made by various Member Bodies.

The revised. text was then submitted by correspondence to the ISO Council
Members who decided,/i'n May 1954, to acceptit as an ISO RECOMMENDATION.
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FOREWORD

ISO (the International QOrganization for Standardization) is a woridwide federation
of national standards institutes (ISO Member Bodies). The work of developing
International Standards is carried out through ISO Technical Committees. Every
Member Body interested in a subject for which a Technical Committee has been set
up has the right to be represented on that Committee. International organizations,
governmental and non-governmental, in liaison with 150, also take part in the work.

Draft International Standards adopted by the Technical Committees are circulated
to the Member Bodies for approval before their acceptance as International
Standards by the 1SO Council.

Prior to 1972, the results of the work of the Technical Committees were
pablished—as—tob Reecommendationst—thesedocunents—s ov—t process
of being transformed into International Standards, As part of, this process,
Technical Committee ISC/TC ¢ 2 has reviewed ISC Recoumendation R I~

and found it suitable for transformation, International Standard| ISC §~

therefore replaces ISO Recommendation R §~  =198%, and—Adderdumr—

ISO Recommendation R J~  was approved by the Member-Bodies of the
following countries : ‘

Australia Mexico : Switzerland

Austria Netherlands Uniomof-South-Africa
Belgium New-Zealend United Kingdom
Czechoslovakia Poland U.S.A.

Finland D ¢4#4k  portygal M, Moyer  YUBOSlaVia.

Italy Frovuce Swed'e_f‘mﬂ,//l / ,,;/ g

The Member Bodies of ,tﬁ’é\f&lfwilgg'c'égﬁhii}iave ‘subSequently approved
this-Recommendation (3 — i

s
4. ¥ n N, : .
theRecommendation-—on—$teehnical grounds ;

Yo) Member Body expressed disapproval of the Recommendationm,

The Member Bodj of the following countrf disapproved the transformation
of ISO/R & into an International Standard :

Uiwite? /@7 e

~——4% —Subsequently;—this—Member Bodyapproved—theRecommendation.
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0. Discussion__of éensitx and Exp]gnminn of

erms. Transmission density is defined in
general terms as the common logarithm of the
ratio of the radiant flux incident on the sample
to the radiant flux transmitted by the sample.
‘When radiant flux is incident on an exposed
and processed photographic film or plate, part

INTRODUCTION

INTERNATOMOL STRAADARD 1So § —1a33 (€)
PHoto GRAPUY — DETER M \RATIch ©F DIEFFLSE TRANSHISS o0y

are obtained when the incident radiant flux is
perfectly diffuse and the specularly transmitted
component is collected and evaluated.

0.2 Specular density results when the radiant

flux is incident normally on the sample and only
the normal component of the transmitted flux

of the¢ flux is reflected, part is absorbed, and
part ik transmitted, the transmitted flux usually
being| scattered. In practice the receiver may
collect all or only a portion of the transmitted
flux depending on the nature of the receiver and
its pdsition relative to the sample. Similarly,
sample is removed, the receiver may
collect all or only a portion of the incident flux.
Moregver, the incident flux may be diffuse, or
semi-gdliffuse, or it may be a parallel beam inci-
dent pt an angle.

Considering some of these possible variations
in th¢ geometrical arrangement of the optical
systemn alone, it is apparent that a multiplicity
of numerical values of density can be obtained
for a [given sample depending on how the meas-
urem¢nts are made. In any specified geometric
condifion the effective value of density will also
deperld on both the col}r quality of the light
and the coI{r sensitivity of the receiver, if the
sample is spectrally selective. To avoid con=
fusion] it is desirable to standardize certain
specifjc methods of measurement.

Th¢ problem of establishing a standard of
densily can be divided into two.parts:

/a )| Epomeetiisnm Specification of the geometric
charapteristics of the optical system used in
the measurement.

b )| Wpeetreine= Specification of the spectral
sensitivity of the réceiver and the spectral
energly distribution{of-the radiant flux incident
on the sample.

Variations «n_sjthe geometrical arrangement
of the¢ opticahsystem give rise to a number of
geomptrié\ types of density which generally
lead |to)difterent numerical density values.

is collected-and-exvaluatad
aHateds

0.1.3 Doubly Jiffuse Jensity is obtained when| the

radiant flux incident on the sample)\is ¢om-
pletely diffuse and ail of the transmitted [flux
is collected and equally evaluated_._r These three
types of density are discussed more fully in
the Avpmencin, SOnex. This T Bees
. is concerned

only with diffuse density.” This type of demsity
is closely related, to-ntany practical appflica-
tions of photographic materials (see *-ppond-i‘).
The characteristics of photographic films| are
frequently <¢xpressed in terms of diffuse |[den-
sity and therterm is often used in photogrgphic
literature, but it is seldom defined precigsely.
provides a:Fieﬁ—

nition (see $ 3) for this type of depsity
and introduces the term ‘‘totally diffuse dengity”’
as a means of indicating that all of the light
is collected.
In totally diffuse density the incident radiant
flux is mermal to the plane of the sample,|and
all of the transmitted flux is collected |and
equally evaluated; or, the incident flux is
perfectly diffuse and only the normally trans-
mitted flux is collected and evaluated. More¢ver,
the term signifies that the effects of reflections
between the sample and any part of the appa-
ratus (cover glasses, surfaces of the recgiver
or illuminator, etc.) are negligible and that 4tray
radiation, room light, etc. are excluded.
When the density of photographic filmfs or
plates is measured, the diffusion requirenjents
are better satisfied if the emulsion side of| the
sample faces the receiver which is to cdilect
the transmitted flux. When the incident radia-

Among these are found three distinct and fumda-
mental types:
/a) Diffuse density,
b) Specular density,
¢} Doubly diffuse density.

oM | . Diffuse ‘ensity is obtained when the radiant

flux is incident normally on the sample and all
of the transmitted flux is collected and equally
evaluated. The phrase ‘“‘collected and equally
evaluated”” means that the effect on the receiver
of all the rays transmitted by the specimen is
the same regardless of the angle of emergence.
Experimental studies show that the same results

tion is diffuse, the emulsion side of the sample
should face the diffuser.

The conditions required for the measurement
of totally diffuse density cannot be met per-
fectly, but can be approached very closely, in
instruments and apparatus designed for the
purpose.

Since the theoretically ideal conditions for
totally diffuse density are never met perfectly
in practice, the term <ISO
diffuse density’’ has been chosen to designate
densities which have been determined under
the practical geometric conditions provided

by the apparatus and methods ?eamhed%n
seecic\a&

< DENSTY

hoer,

I»-S“o
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paratus and methods are especially appropriate,
however, since they give values of density so
closely approaching totally diffuse density that
no errors of practical significance arise when the

apparatus is constructed and used as ?ﬁﬂﬁeigéd
in this ceeommendasionT..S@ Cteectited

For a sample which is spectrally nonselective
the specification of the geometric conditions is
sufficient since this specification will lead to a
unique value of density. However, for samples

which are spectrally selective, it is necessary to
consider, in addition, the spectral conditions.

practide, photographic films and plates are

1 either viewed by the human eye or
on positive photographic materials.
Therefpre, d v specifies
il only two spectral types of diffuse

Diftgse visual density, Type V1-b
Diffyse printing density, Type P2-b

The pignificance of these terms will be clarified
by retgrence to the density chart in the Aqpescdiad

The [term ““visual’ is used to indicate that the
receivgr of the transmitted flux is either the
human eye or has a spectral sensitivity equal
to it. In the first classification the term “Type
V1-b” [ndicates that the spectral conditions have

been particularized even further. Type V1
refers fo the spectral sensitivity of the average
normal human eye, a representative curve for

which has been standardized by the International
Commyission on Illumination. The “b2J in
Type V1-b refers to the spectral energy distri-
bution|of the incident radiant flux and-indicates
that the spectral quality is that-of-a tungsten
lamp [operating at a ﬁole' temperature of
3 000 fK.

Similarly, in the seconhd-/classification, the
term {printing” is used_to indicate that the
receivdr of the transmitted flux is either the
photodraphic printing material or has a spec-
tral sg¢nsitivity<equal to it. Type 2, used in
ion with» printing density, refers to a
curve representative of

this feeemmendetiony The “b” in Type P2-b

again refers to the spectral energy distribution of

TS0

- cg\o\,f Co\\'s\' b u\'im)

© .2 Calibration of Practical densitometer

C.O\G\W“ (A'\\W\¥u\'\bﬁ) —

the incident radiant flux and indicates that the
spectral quality is that of a tungsten lamp opera-
ting at afeeled temperature of 3 000 I<.
“Diftuse photoelectric density’” and ‘‘diffuse
spectral density’ Q(diffuse density for a single
wavelength) designate other spectral classes of
diffuse density which are not covered in detail
in Hee-piesenisocomimandaiion] These spectral
classes of density are, however, important in
certain practical work. Their relation to {sae
is-gescribed in the

Eeprermty and illustrated in

igure 12.

the establishment of this
becomes practicab
photographic samples by one of the appraved
measuring methods and to use these as.refer¢nce
specimens for calibrating ordinary: dengito-
meters.

In general only those densitfometers which
conform to the geometric and spectral conditjons
specified in this peeemmwendwsiosf are capable of
giving accurate readings of 1SO JRoecommondod
diffuse wvisual density~/ér ISO
diffuse printing denisity for all types of phpto-
graphic materials! However, many simple
densitometers\ give readings on different phpto-
graphic materials with sufficient accuracy| for
most praetical work. The scope of such insfru-
ments'can be tested by measuring samples which
varj\in scattering power and in spectral seleqtiv-
ity,"and comparing these results with those
obtained by the appropriate recommenlded
method.

If a nonconforming densitometer is to be ysed
for a large amount of routine work in connecfion
with a given type of photographic materia|, it
may be calibrated from reference samples ¢r a
reference wedge composed of the same matefial.
In this way any type of densitometer can be
calibrated to read ISO memende‘ diffuse
visual density or ISO Recewinended diffuse
printing density for any single type of phpto-
graphic material, to a degree of accugacy

COmeT

commensurate with the stability and repro-
ducibility of the instrument itself. In gengral,
a new calibration must be made if accurate
readings are desired on a different photographic
material when a nonconforming densitompter
is used.

See Report of Committee on Colorimetry, Journal of
the Optical Society of America, 34, 4, 188, Section 8, “Trans-
mittance, Opacity and Density”.
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m' i definesdiffuse transmission density

and specif] techniques for its measurement.

®B It applies primarily to processed black-and-
white photographic films and plates, although
it can also be applied to other radiation-

absor ing media—such as cast colloidal carbon-

U

means and methods. These conditions approach
the ideal conditions for totally diffuse density
given in +“seebiem 3.1.1 as closely as practical
equipment and methods permit.

44.1.1 The integrating sphere method is
described in detail in &eekied 7.

%4.1.2 The opal glass method is described

in detail in Seetied S.

gelatin tablets or filters, filters consisting of dyes
in geldtin, glass filters, or various types of radia-
tion-absorbing screens used in photographic
work |where diffuse-density measurements are

— (iéneral Definition of Density

ensity is defined in general terms as the
logarithm of the ratio of the radiant flux P,
incidept on the sample to the radiant flux P;
transmitted by the sample.

P,
D = log *)
Py

— 3/ ’]tu_tillly Diffuse Densitv_

3.1 l)_lfiniti Totally diffuse density is defined
by thq expression in iw® 2 when the following
conditlions are fulfilled: - clouse

3.1.1 Geometrie Qnditions

3{1.1.1 The incident radiant flux shall be
normdl (at an angle of 90’40@300!) tovthe plane
of the|sample and all of the transmitted radiant
flux shall be collected and equally/evaluated ;
or thq incident radiant flux_shall be perfectly
diffusq and only the normally transmitted com-
ponent shall be collected.'and evaluated.

oo (1)

3{1.1.2 The effectsyof reflections between
the sgmple and patts-of the apparatus (cover
glassef, surfaces-of’the illuminator or collector,
etc.) ghall be negligible.

3{1.1.3 \ Stray radiation shall be negligible.

described in detail in ioaf 9.
L2 rrml e . .
ctral conditions may heassocipted

STAW

%4.1.3 The contact printing method is

with ISOWOS diffuse density.
% romdovd

5/ 150 pmm@g

Density
5.1 Definitiopf 150 “ Rocommended diftuse
visual density, Type’~V1-b, is a partidular
spectral type of\ISO [Recemunsnded diffuse
density and i§) defined by the expressioll in
Seebien 4.1 wwhen theLspectral conditions wisked
tolta ardfulfilled : Qb\\om\g

5.1,1.<“The product of the relative speg¢tral
sensitivity of the receiver of the radiant [flux
times the relative energy of the incident radiant
flux at each wavelength shall be proportional
to the product of the sensitivity and enprgy
iven in logarithmic form in column 4 of

ble 1.
TABLE 1 = Wi

C Speetral €onditions for/

ISO Recommended dliffuse Fisual *ensity

3.1.2 (Speectral ﬁgngitioggrAny spectral con-
ditionS— Ty be associated w

density. The geometric conditions can usually
be fulfilled independently of the spectral con-
ditions. If the sample is spectrally nonselective,
the specification of the geometric conditions is
sufficient for the unique evaluation of density.

STAVORRD
4/ 1SO Recommended $ffuse Density

4.1 Definition

“———————
g8 The term “ISO Reeermmemded diffuse
density’’ designates densities determined under
the practical geometric conditions provided by

any one of the following threezaeommended
wandar

- Type V1-b
a2 s [ s
log
Wave- log * log (Relatife
length (Relative (Relative pensitiviity {
) gensitivity*) ‘ gnergy) - timeg |
\’.\nm | & ' génergv) [
400 0,00 0.00 0. 00
9 )
420 1,00 0’14 1’ 14
440 1,76 0,27 2, D3
460 2,18 ()_)38 2, 56
Any spectral ¢ 480 2,54 0247 3201
LI 1ot4ally  UIlitise 15Y810] 4'91 0 s 5 6 3 ’ 7
520 3,25 0,63 388
540 338 0,70 4,08
ggg 3,‘3{2 0,76 4,16
) 0,81 4,15
w | oEe A
s 0,90 88
oo | 2e 0280 388
680 1,63 ?; i) 3; 43
Shondand 700 1,01 1,02 2,03
N -

7“ For the purposes of this - the relative
spectral sensitivity of the receiver is defined in general
terms as the reciprocal of the relative energy necessary
to produce a given response.

¥

Sk

by
Tll! $u L]
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5.1.2 The tolerances on the spectral char-
acteristics of the system shall be such that the
resulting numerical values of density will not

TasLE 2 4>

(Spectral €onditions for

IS0
be significantly different from those which Type P2-b
would be obtained if the spectral requirements Ke—-
were perfectly met. Ry L | z | i -
7S
5.1:3 'Ijhe relative sensitivity values given in Wave- Jog log (Rgﬁﬁive
Jogarithmic form in column ble 1, are those Tengih (Relative (Relative Fensitivity
adopted by the International Commission on - Bensitivity*) é‘—nergY) e E‘{‘}’;;"g;)
Illumination, for the average normal human eye ,‘( am ‘ L
adapted to photopic vision. 340 2,00 ’ 0,00 2,00
350 | 4 P01l 4,05
5.1.4 The relative energy values given in 360 2’27 L ohs 4’33
logarithmic form in column 3g"€able 1, are for a 370 4:94 ? O’,31 5325
tungst WWW Tempcerature 330 5,00 0;40 5;40
o 3040 fc colour @ukrbabim) |0 o | g
5.1.4 These.req}lirem.ents permit the use of 410 4:94 0,64 5’58
filters fn combination with various sources and 420 4,90 0)71 5)61
receivqrs provided that the overall spectral 430 4,84 0)77 5’61
characferistics of the combination conform with 440 4476 0;83 5’59
those gpecified in column 4L'fable 1. 450 4,66 0,88 5{54
oNRD 460 4,52 0,94 5,46
STON o 470 4,35 0,99 5,34
6/ Ifffuse Printing 480 413 4 1,03 5;16
nsit 490 388 1,08 4,93
Stawdavd 500 34 012 456
61 ISO Refmmendes  diffuse 510 2l81 115 3lo6
printirlg density, Type P2-b, is one spectral 590 2M8 1.19 3’37
type of ISO diffuse density and 530 1:55 1122 2;77
is definjed by the expression in Seese@ 4.1 when 540 O‘OO 1‘26 1,26
the following spectral conditions given in genes v

sapde [.1.1 are fulfilled.

6.1.1 The product of the relative spectral
sensitiyity of the receiver of the radiant flux at
each yavelength times the relative spectral.
energy| distribution of the radiant flux incident
on the|sample shall be proportional to thé pro-
duct df sensitivity and energy giyen in loga-
rithmi¢ form in the last column of [able 2.

6.1.3 The tolerance on the" log relative
sensitiyity times energy values i column 4 of
able 2 shall be such that the resulting numerical
values| of density will-not be significantly
different from those which would be obtained
if the gpectral requiréments were perfectly met.

6.1.4 The relative sensitivity values given in
logarithmic form'in column 2 of "Table 2 will be
the loirithm of the product of an average of the

relative speetral sensitivities of commonly used
photographic printing materials times the trans-

I & < s--.

*For the purposes of this M the relptive
spectral sensitivity of the receiver is defined in geheral
terms as the reciprocal of the energy necessary to produce
a given response. In the case of photographic recefvers
used in this particular M(‘, the spectral|sen-
sitivity shall be measured in terms of the reciprocal of the
energy necessary to produce a reflection density equil to
that used in the photographic photometry of Gewbiwn [9.3.6
(null point check). This reflection density correspgonds
approximately to a point on the density-log exposure qurve
of the photographic material where the gradient is a rhaxi-
mum (seeH7 ). This measurement of sensitivity is intended
primarily for use in this and may| not
be applicable in other problems. I-»S'N’

transmission of glass optics at short wavelengths
and the transmission band of silver deposits at
320 millinsvieronis N M.

6.1.4 T}.1$1 g relative-energy values givep in
column 3 W ble 2 are for a tungsten lgmp

operating at aeeder temperature of 3 000 JK.
P € colouw dlI;\'ﬁ\oRm) I

6.1.5 The use of filters in combination with
various sources and receivers is permisgible

mission of an ultra-violet absorbing filter which

has a sharp cut-off at 360 jeiliimsierensf The

filter has been included in order to minimize
errors which might arise because of the uncertain

?When the samples are spectrally nonselective, the

product of the energy of the source and the sensitivity
and energy of the receiver and source actually used is not
critical and may depart widely from values given in the
column headed ‘“log Relative gensitivity times @nergy”
given in*fable 1 without significantly affecting the results.
Since photographice films and plates developed in ordinary,
nonstaining developers are oftgn sufficiently nonselective,
the spectral conditions given i le 1 need not be in close
agreement with the ideal values. However, the measure-
ment of the effective density of a shargcutting yellow col}r
filter, for example, will require relatively close agreement
with the ideal spectral values given in“fable 1.

provided the overall spectral characteristics of
the combination conform with those given above.

6wlc‘
7] Iptegrating Sphere Method

7.1 General his method is approved because
it provides®means for measuring density either
visually or objectively with a high degree of

Riftuse printing dhensity / She

I

N

. g.“
-

4’:3»« i

(263

reproducibility and gives ISO WW

diffuse density values directly. The integrating
sphere method has been described in the

literature.‘?

Q)“Standardization of Photographic Densitometry”, Clif-
ton Tuttle and A. M. Koerner, Journal of the Sociely of
Motion Picture Engineers XXIX, No. 6, December, 1937.
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The integrating sphere, made and used
according to the following specifications, pro-
vides the desired geometric conditions. Modu-
lation of the radiant flux is eflected by means
of either the photometric inverse square law
(J#4 1) or the Martens type polarization photo-
meter (fugf2). The method is approved for the

measurement of ISO Wiﬁuse
density with the following specifications.

7.2 Annaratus Sto

7.2.1 The diameter of the sphere shall be

greater than Svémiweivesd 90 mmy (3.7“\) .

7.2.2 The sum of the areas of the openings

law shall include a straight track or photometric
bench on which to move the source of radiation
in a straight line, lying on the optic axis of the
sphere (see F-ngl 1). Thelength of the track shall
be not less than 2 mdé§ and shall be great
enough to permit the measurement of the dis-
tance from the source to the sphere with an
accuracy of + 0,2 In no case shall the
source be used nearer the sphere than 10 times
the greatest linear dimension of the source or
the aperture through which the light enters the
sphere. The ratio of the intensity of the com-
parison source to that of the main source shall
be constant to within + Oyt In cases

in the pphere shall be less than 2 ?ooon-e of the
area ofl the sphere wall.

7.2, The aperture at the sample shall be
boundgd by knife edges so as not to hinder light
from rg¢aching the sample area at grazing angles
of inciglence.

7.2.4 The screen used inside the sphere shall
be ellifftical and just large enough to shield the
light spot in the sphere from the sample.

7.2.5 The interior wall of the sphere shall be
coated|with two coats of a suitable integrating
sphere [paint"® applied overfflat white undercoat
of oil plaint. -

7.2.6 The diffusion coefficient &

sphere [shall be 0)98 to 1)02.

7.2.7 Angular deviation from normal of the
light cellected by the receiver shall not exceed

10°d-Tﬁ
7.2.8] Suitable lamp houses, diaphragms, and

shields|shall be used to reduce stray radiation
to sucH an extent that its effect is negligible.

7.2.9 The source of radiation«.$hall be
sufficieptly intense for the flux reaching the
receivefr to be adequate for efficient operation.
For vigual work the luminanceé) of the photo-
metric field shall be not less than
(3,4 nits). The spectral~energy distribution
of the|radiation from{the source shall be ap-
propridte to the spectral type of denSIty desired.

of the

The receiver of the ﬂux shall be a
radiation-sensitive device having a
sen51t1v1ty approprlate to the spectral

eyt St ,'s-,..c amd Eulel o

7.2.11 Auxiliary apparatus for work in con-
junction with the photometric inverse square

;gA suitable integrating sphere paint produces a high

reflective and diffusing surface which is spectrally nonselec-
tive. A paint composed of titanium dioxide pigment con-
centrated in a clear vehicle is considered suitable for this

purpose.
2§The diffusion coefficient is the ratio A/B where A
is the area under the curve obtained by plottmg the relative
of the exit aperture of the sphere as a func-
tion of the angle of view over the range of 0° to 180°, and B
is the area under the corresponding curve for a perfect
diffuser. Relative at any angle of view is
expressed as a fraction of the measured at
the normal angle (90°).

where the eye serves as the receiver, the spec;ral
quality of the radiation from the compatrison
source shall be such that when it is used with
the translucent diffusing screen ,as ‘shown| in
f=e 1, the spectral quality of the radiafion
emitted by the screen will be{approximately
equal to that of the radiation'emitted by [the
sphere when no sample.is”present. It is per-
missible to use a filter in combination with [the
translucent screen,in-erder to achieve [Lhe
desired equality jm\Spectral composition.

7.2.12 A Lunmimer-Brodhun type photometric
cube?_)C is reepmmended for visual work| in
conjunction.with the inverse square law.

7.2,33" 'When the Martens type polarizafion
photometer is used with the integrating sphgre,
the,“general arrangement of parts shown| in

2 shall be followed. The lens system
between the source and the sphere is ot
essential but it is recommended since it gives
an increase in the brightness of the photomelric
field without an increase in the size of the qrea
covered by the beam on the sphere wall. Any
clear bulb tungsten lamp which is operdted
under such conditions as to give a tempe-
rature of 3000'K may be used

. n
7.3 Procedure when Everse §guare ﬂaw is {E:i

7.3.1 Precautions shall be taken to prevent
stray radiation from entering the sphere, fjom
falling on the sample, or from entering [the
photometric cube.

7.3.2 With no sample in the beam [the
movable source (see F-i-g-ll) shall be set at a
distance, Io, such that the two halves of [the

C ersity
of the comparlson ﬁeld shall be ad]usted so that
1, is not less than 2 m{l.

7.3.3 The sample shall be placed over the
exit aperture of the sphere, and in the case of
photographic films or plates, the emulsion
surface shall be in contact with the sphere. The
movable source shall then be moved toward the
sphere, to a distance, l;, at which the two
halves of the photometric field are equal.

ee Walsh, “‘Photometry’”’, Constable, p. 155, 1926
Edition, London.

A bi-plane tungsten projection
lamp is recommended when the sphere diameter is approxi-

mately
10 em (4iw). Soow, ISV }—

\U MANn BV {\h\'%*\'

_—9 —

-0-'3»« H

ﬁcjm H

-ij ~/

(Ja‘s e bd"uu)

'Qﬂ"“ H



https://standardsiso.com/api/?name=1ec0521beb2d18e956f7816d2f28d723

\ o

e — = ————

|
N I

VABLE dlA?H RAGMS )
LAMP

1

ule
Fr GL 1 ;3

Asing averse $quare

ANS ENT
s e
(LAME

C Apparatus for ‘ntegrating $phere.dlethod

aw

o

(@NDENSER LENS >

&

uRké

ESSURE PLAT()

€

OTOMETRIC )
BE

&
L3

FIGIZ -‘b

%

< Apparatus for Entegrating $phere Method
#sing Polarization Photometer

POLARIZATION
PROTOMETER

— 10 —



https://standardsiso.com/api/?name=1ec0521beb2d18e956f7816d2f28d723

o wemeee B

L

1)
—_
==

meter
————

@ﬁ#dwmz

7.3.% The density of the sample shall then
be computed from wee formula

D=1 P°)
== O I
¢ (Pl

P, 1,2 2

o oo

where

7.3.5 The value of [, used in the above for-
mula shall be the average of not less than five
separate readings of I,, each of which involves
a redetermination of the photometric balance.
Similapkys i
shall Je made and averaged to determine the
value ¢f I used in the above formula.

7.3.¢ In determining densities above 2,0 it is
permiiible to use an auxiliary density to make
possible the reading of high densities without
recourse to an inconveniently long photometric
bench.| The auxiliary density shall be placed
in the sample position and its density, Dq,
deternjined using the procedure given above.
With f{he auxiliary density left in this position
the mdvable source of radiation shall be replaced
by ong¢ of higher intensity (or the comparison
source|shall be lowered in intensity), its inten-
sity bping such that when it is placed near
the erd of the track, the photometric field
will bel balanced. The distance, Iy, at which the
balanck occurs shall be obtained by averaging
five indlependent settings. The auxiliary density
shall then be removed, and the unknown (high
density) sample shall then be substituted for it
in the [sample position. The movable lamp shall
be brgqught nearer the sphere until a photo-
metric| balance is again obtained, the ‘setting
being repeated five times to give anaverage
value §f I’s. The density of the sample is then
compufted from the formulal

7R\ 3
| D:Da+1og(7> R )

s

7.4 Plocedure for Alsing the Polarization Photo-

7.4.1 With<nio sample in the beam, the
angle §, in{ qaadrant I (see feig§ 3) which gives
a photometric balance shall be read. Also the

8, in quadrant I, which gives a photometric
balance shall be read. The angle 8, in quadrant
I1, which gives a balance also shall be read. The
difference between these two angles is o, Which
is related to the difference in luminance between
the two beams when the sample is present.
(Again any error due to faulty adjustment of
the zero setting of the index line is thereby
cancelled).

7.4.3 Each photometric balance shall be made
not less than three times and the angular
readings averaged to give each value which is to
be used in determlmng ®o and ©; In peeemiends
hple
shall be computed from the formula/

v I-

tan? <0)0> * e

7.44 To correct for the effccts of posgible
polarization in the sample, the transmittdnce
also shall be determined after rotating the ertire
photometric head through 18(?degmﬂs (without
moving the safpple) and using again the pro-
cedure giveni\in paaguemhs 7.4.1, 7.4.2, hnd
7.4.3. Thé ransmittance value to be used in
computing the density of the sample shall be
equabdto the average, 7, of the two transmittdqnce
values obtained with the photometer head in|the
two positions.

shall thew be

tant (1) i

7/

7.4.5 The density of th 1
nsity o esampewh:zw“(4)ag

[T SR IP s FROINT uwl‘\e‘

P,
D = log (*)
Py

/

!

where

D, 1
no 7T P
and f is obtained from pe—rgh 7.4.4.

7.4.6 An auxiliary density shall be placeql in
the comparison beam when densities above 1)3
are to be measured. No change in the procedure
given above need be made since the calibration
of the auxiliary density is included in the ddter-
mination of the value of &, used in the compu-

angle §;imr—euadrant—H—which—gives—a—photo
metric balance shall be read. The difference
between these two angles is oo, Which is related
to the difference in luminance between the two
beams when no sample is present. (Reading the
angle in two quadrants and taking the difference
cancels any error which may exist in the adjust-
ment of the index relative to the position of the
planes of polarization in the interior of the photo-
meter head).

7.4.2 With the sample placed in the sample
beam, in contact 3 with the diffuser, the angle

4“51n the case of photographic films or plates the emulsion
side shall be in contact with the diffuser.

tations. An auxiliary density of approximately
1'3 shall be used for reading sample densities
lying between 1.3 and 3,0.

P) ]

7.4.7 In some commercial forms of the
polarization photometer the angular engravings
on the scale do not extend into the quadrants IIT
and IV. In some instruments, too, the scales
are calibrated to read density or transmittance
directly. These direct reading scales shall not
be used in the determination of ISO Feeem-

density since certain errors can be
eliminated only by averaging angles and not
by averaging densities or transmittances.

dajne 2

uf
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\———'——‘8/ q{al Glass Method

8.1 General‘ This method has been included
because it Comprises a simple visual method of

obtaining results which can be converted to ISO

S\’AMAGM'" Pilecominandad diffuse density through the use of

c\'gofe H
Stomdand

3

a conversion chart. The opal glass method
illustrated inFigzl is approved for the measure-
ment of ISO Jiecommendaq diffuse density
provided that the correction curve shown in
Fig{ 5 is used to convert from values of opal
glass density to values of ISO

1 diffuse density. The specifications are given in

Sachiews 3.2 and 8.3.

8.2.5 The surface of the opal glass which
faces the sample shall be large enough to
provide a uniformly bright, circular area not
less than 1 fembimsebsf in diameter. Areas of
opal glass lying outside the specified circular
area are permissible only if the sample is large
enough to cover them.

8.2.6 The radiant flux on the opal glass may
be either normal or diffuse (not critical).

8.2.7 The sample shall be placed in contact
with the opal glass and shall be large enough
to cover the exposed area of the opal glass.
In cases where photographic films or plates are to

8.2 Apparatus

8.2.1 Total reflectance of the opal glass for
normall illumination shall lie within 0,55 to 0)60.

8.2.24 Pot opal glass of the cryolite low-absorp-
tion type shall be used.

8.2.3| The diffusion coeﬂiciento of the opal
glass shall be 0’90 to 0’94.

8.2.4 The surface of the opal glass which
faces flhe sample shall be smooth (polished),
since ajsmooth surface is easy to keep clean, and
shall bg thoroughly clean when in use.

")?etl od of Halbertsma: With light incident normally

.
VM ouvs on'the durface, the (relalive to normal, in

sl percent) | at different angles of view, 8, are plotted as
hk@'lh“ abscissag, the corresponding ordinates being proportional

 miv

to (1 Pos 8). For a perfectly diffusing surface the result-
Ing curve is a straight line. The ratio of the area enclosed
by the 4xes of co-ordinates and the representative curve
for any gurface to the area for a perfectly diffusing surface
is termefl the *‘diffusion coefficient” of the surface.

|

diffuse densities shall be obtai
from the opalglass densities by means of the
conversion chart shown in}'g- 5

be evaluated the emulsion surface shall bel in
contact with the opal glass.

8.3 Proeedure’ A Martens type, polarization
photomete all be used according to the gro-

cedure given in Seestsw 7.4, Density values
shall be computed by mean§ of the formulq in
paGagieph 7.4.5. These densities will deplart
from ISO jecormmremded “diffuse densities [by
known amounts, owing-to the inter-reflectfon
effects and the diffusion characteristics aiso—

ciated with theypot opal glass diffuser. ISO
ed

oﬁsofo
9/ (éntact Printing Method _
9.1 General’ This system 1is recommended
because it" provides an objective method [for
measuring the density of transmission samples
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G Apparatus for €ontact rrinting Methed

by contact printing on ordinary photographic
paper|of specified characteristics and gives ISO

“Ploscipmended diffuse density values directly.

;}:

“
~

Apparatus
develgped and are described in the literaturey'
The gpparatus is illustrated in feigf 6. The
inverde square law is employed and when this
methqd is used, the geometric conditions
requited for the determination of ISO‘fReesmws-
diffuse density are fulfilled.

r

of Radiatio The source of

inimum optical distance (from source to
r) used®* YAl filters used in the system
shall be placed at the source of radiation rather
than at the receiver.

Th

and test procedure have bee:‘a

The other half of the sheet shal]l be
molinted at some greater distance from| the
light source and also at right angles to it. | The
sheets shall be so oriented in space that, when
viewed from the light source, their conInon

axis:

edge of separation shall appear coincident. (The
mounting frame which contains the density
specimen shall be designed so that no significant
amount of radiation is reflected by the edgps of
the frame to either half of the sheet of pqper.
Both pieces of the sensitized material shal]l be
backed with an opaque white surface.

9.2.3 Sensitized

9.2.3.1 The spectral sensitivity of

sensitized material shall be appropriate to
spectral type of density desired. See

geoph

9.2.3.2 For the determination of |ISO

diffuse printing density, Type

P2-b, the sensitized material shall consist|of a

aterial

the
the

m

9.2,
of two halves

H Lall L
a sheet of sensitized photo-
graphic material_,One-half shall be mounted in
a printing frame$)%®in mechanical contact with
the diffusing surface of the sample and facing
the light source at right angles to the optical

9Monr0e H. Sweet, #4n Improved Procedure for the

Contact Printing Method of Measuring Photographic Density‘,
Journal of the Optical Society of America 33: 143-63,
March 1943.

An opal glass, fitted with a mask having a circular
aperture of such dimensions that the diameter of the aper-
ture is less than one-tenth of the minimum optical distance
used, forms a convenient source which meets the require-
megts (see i} 6).

There shall be no cover glass used in the printing
frames.

white paper support coaled with a glossy silver
bromide emulsion having a reflection coefficient
f 0,90 + O 05. The spectral sensitivity of the
erial shall be that specified in Qakesrmpie
6.11 A number of commercially available
sensitized bromide printing papers will be found
satisfactory.

9.2.4 OEtieal benelgl! The light source and
receivers shall be mounted on an optical bench,

or equivalent, of such construction that the
distance from the light source to the first
receiver can be determined to an accuracy of
+ 0y2 poreent, and the distance from the source
to the second receiver to within 4 O 1 ﬁoaeeﬂ‘

T e e ap ‘1 S‘.l.lo.ndé‘l@

Stardavd
i
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9.2.5 Stra*'ﬁux[\’l‘hc stray flux reaching
the receivers shall be restricted to less than

2 poseond of the incident beam by means of
baffles of appropriate dimensions, suitably
located. e

9.2.6 Control of gxposure !;'me‘ Since this
technique involves the null method, the ex-

posure duration is not critical and the need for
optical shutters is eliminated ; exposures may be
commenced and terminated by closing and
opening the lamp circuit.

9.3.3 Proeessingp‘he exposed sheets shall
be processed by any sensitometric method known
to give uniform results.$J Sheets of each pair
shall be matched and “secured immediately
adjacent to one another during development,
in positions which retain their original orien-
tation.

Lo

9.3.4 Reflection éensiw ﬂggﬂing{ After
processing, the reflection densities of the in-
dividual prints shall be determined by means
of any suitable reflection densitometer or com-
parator, the original orientation being main-

9.3 Procedure S tained.
9.3.1—Location of thedensi The } = ~—
photodranhic Taver whose a Y be 9.3.5 Initial Sensit ,aleulati:;n’( The |ap-
7 proximate density of the specinféen shall| be

than

Two additional pairs of sheets shall be
exposed with the first receiver in positions

ately equal to and Jess than their
The change in
exposure shall be accomplished , by
moving the test receiver along the benech,\in

.$.2,2 In all cases the intensity and time of
exposure should be such as to ‘produce, upon
development, a reference print density at, or
near, the point on the D vslog J curve of the
print material where th€)gradient is, or ap-
proachps, a maximum \(see fgf 7).

9.3.2.3 No _ray" from thbe source which
makes jJan anglevofmore than 5 desmas with the
opticall axis shall be used in the determination.

1 The pieee of sensitized paper exposed in the first receiver

calculated from the relationship between [Lhe
reflection density of the test prints_and the for-
responding reference prints by interpolation of
a curve plotted as density vslog exposure®y or
by any other convenient method. The folloWing
procedure is recommended

9.3.5.1 The sensitometric characteristics of
the print material\(are determined under |ex-
posure, processing, and density measufing
conditions which conform with those used in|the
test. ﬁigure 7 illustrates the manner in which

a D vs log # curve is plotted. Lidea

9:3:6.2 The points on the curve of 7
which correspond to the densities of the fest
and reference prints of aauegesend 0.3.2.1 |are
focated on the D vs log ? curve and their lof ¢
values determined.

=3

9.3.5.3 For each pair of test and refergnce

prints the values for Dy and log are dub-
stituted in the following formula : 3

D=Dz+Alog¢ vo o |($)
where I D is the transmission density of [the

specimeny

D, is the density of a specimen |for

which the reference and test sh¢ets

would be identical at the sgme

light-source to test-frame distance,

XO@, used in peakasiami 9.3.2.15

agk A log # is the log t value of the referdnce
print minus the log valuq of

the test print_.rThe average for D

shall be called the test sheet or print, and the receiver,
the test receiver. Similarly, the sheet of sensitized paper
exposed in the second receiver shall be referred to as the
reference sheet or reference print, and the second receiver
shall be referred to as the reference receiver.

‘ The proper choice of test frame positions can be
estimated by measurement of the approximate density
of the sample on any ordinary densitometer and by apply-
ing the following formula:

D, 6
log Xo = log X, _7—2 se e (_I)
where
Xp is the distance between the light source and
test {rames

X is the distance between the light source and
the reference frame? gl

Dp is the estimated ISO fueusememernsied diffuse

transmission density of the specimen.

—

determined from the three sets
of test and reference sheets should
be used as the initial density
value of the specimen.

.
9.3.6 Null Point fheck

9.3.6.1 Three or more additional exposures
shall be made with the test receiver located at

§5Experience shows that brush development with

sheets fastened to a glass plate gives uniform results.
a) Since some of the available printing materials have D
vs log exposure gradients of 3304, a change in log exposure
of 0g)1 produces a change in lensity of 0.034,—.
*) The relationship between D, and X, is given in
ble 3, columns 1 and 2.

— 15 —


https://standardsiso.com/api/?name=1ec0521beb2d18e956f7816d2f28d723

Sbomdgvd bt D, is the 150

bde

Test Prinf

INT DENSITY

—falogf b— W |

LOG EXPOSUR
Fig] 7 ma =

H

- 3

the ppsition calculated (from\formula f using
the r¢sults of Seebiwsm 9.3(5-which should give
the same test and reference\print densities). The
final dvaluation of the dénsity shall be based on
the r¢lative distanées-of the reference receiver
and the test receiver from the source which
would result inidentical test and reference print
densitiies aceording to the relation: )

Dp = 2 log X;— 2log X, ()

wher

» D vs log ? €urve for a hypothetical Faper Ued in the €ontact Printing wWethod

or a preceding null point check) by more fhan
0 005’01' lb), the average difference in avdrage
d’eviation between the test and reference print
densities is greater than 0,01.

P w
9.3.7 Alternative Frocedure for ﬂeasuring @
densities

9.3.7.1 Specimen densities between 0,0

and 2’0 shall be measured directly as desciibed
in Seekiems 9.3.1 ﬁhnagl’ 9.3.6. Specimen

X, is the distance between the light
source and the test frame?

X, is the distance between the light
source and the reference framey

diffuse

transmission density of the speci-

men.

9.3.6.2 The null point check described in
pa.a,g? 9.3.6.1 shall be repeated in every case
whereinf fJa) the density value of the specimen
computed from the null point check in question

differs from the value previously assigned (on
the basis of either the initial printing density test

densities between 2.0 and 4,0 may be measured
by the following optionzﬁ procedure which
utilizes an expedient designed to eliminate the
need for unduly long optical benches.

9.3.7.2 A specimen having a density value
of approximately 2,0 shall be measured as to
diffuse density according to the procedure
covered by Sewtmws 0.3.1 9.3.6. This
specimen shall be used as a comparison sample
by placing it in the reference receiver and
exposing the reference sheets through it. In all
other respects, the same procedure shall be used
as for 9.3.1 9.3.6, except that the
exposure time or light source intensity, or both,

— 16 —
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shall be increased, in order to compensate for
the increased attenuation of the radiation. The
specimen density shall be computed by obtaining
the nominal density wvalue as described in
soebion 0.3.6 and adding to this value the density
of the comparison sample.

9.4 Qualifying Cests for A;Baratus and Eoeedure
9.4.1 Faetor of ﬁerié In order that the point-
to-point sensitivity of the receiver emulsion, the

uniformity of processing, and the stability and
sensitivity of the reflection densitometer or
comparator be acceptable for use in the conduct

d

on density specimens of suitable values be repea-
ted using a light-source to reference-receiver
distance which is some convenient fraction of
the original. The null point positions of the
test receiver will then be displaced by exactly
the same factor if the systematic errors are

negligible.
TABLE 3 = @&

c Relationship between $pecimen ‘ensity, D,
and YPelative eéight Souree to test €rame

istance X, *

N
(e
;\‘DI Jf X, +logxo% D, *‘ X, wlog X,ye

of the ptamdard procedurs, the tactor of Imerit,
Z, det¢rmined as follows, shall have a value
greater|than 10.

9.4.1.1 Five sheets shall be cut in half
and bgth halves of each sheet placed side by
side in| the reference receiver. They shall be
exposedl, one pair at a time, for the normal
exposufe time interval (that which yields the
same Jleflection print densities as those used
in the nfqull point check), processed, and measured
as to r¢flection density in the manner described
in Seetron 9.3.4.

9.4.1.2 Five additional sheets shall be cut
and exposed with one-half of each sheet placed
in the freference receiver and the other half in
the tesf receiver (but with no density specimen
interposed). The test receiver shall be so located
as to regceive 0,05 log # greater flux density than
the ref¢rence receiver (i.e., the source-test frame
distance shall be 0,945 times the source-reference
frame distance). %hese sheets shall be processed
according to weebien 9.3.3.

9.4.1.3 The average difference (A D in
reflectipn-instrument scale readings Sfor all of
the paifs of prints of pasegsende 0.4.1)2 shall be
divided by the average difference\A) D’ between
the insfrument scale readings (for the individual
tests and reference prints of pacagsaph 9.4.1.1,
giving 4 result which shall-be'the factor of merit.

%)) q
z<" oo ()

S €
9.4.2| Testifor éxstematie érrog{-ln order to
test an|apparatus and procedure for systematic
errors |t 1s recommended that measurements

7~ 0,65:(0:4732| T.675 || 2.15 |0.0841| 7.92
OK 0370 7} 0.4467 | T.650 || 2.20 |0.0794 | 2.90

0,00 1.0000| 0.000
0,05 | 0.9441 T1.975 || 1.55 |0.167971)22
0’10 0.8913| 1.950 || 1.60 |0.1585,71.2(
0,15 | 0.8414,7.925 | 1.65 |0.Y496  T.17

0."20 0.7944|71.900 || 1.70 0:1413 1.15
025 | 0.7499 T1.875 || 1.75)[0.1334 | T.12
0,30 |0.7080 1.850 || \180 |0.1259 | T1.1(
0,35 |0.6683 1.825 v1.85 |0.1189 1.07
0,40 | 0.6310| 1.800 | 1.90 }0.1122] T1.0j

0’45 0.5957 . 9.775 | 1.95 | 0.1060 | 1.02

) ) -
050 | 0.5624%(1.750 || 2.00 |0.1000| T.0
0,55 0.5309" 1.725 || 2.05 |0.0944 | .97

0'60 0.5012| 1.700 | 2.10 |0.0891 | 2.95

0,75 |0.4217|71.625 || 2.25 |0.0749 | 2.87
0.80 |0.3981|T1.600 || 2.30 |0.0708| 2.85
0.85 | 0.3759|1.575 || 2.35 |0.0668| 2.82
0.90 | 0.3548| 1.550 || 2.40 |0.0631| 2.80
0.95 | 0.3350| 1.525 || 2.45 |0.0595|2.77
1.00 {0.3163| 1.500 || 2.50 |0.0562| 2.75
1.05 [ 0.2986|1.475 || 2.55 |0.0530| 2.72
1.10 |0.2819|71.450 | 2.60 |0.0501 | Z.70
1.15 [ 0.2661| 1.425 | 2.65 |0.0473| 2.67
1.20 | 0.2512 T1.400 | 2.70 |0.0446 | 2.65
1.25 {0.2371{71.375 || 2.75 |0.0421 ] 2.62
1.30 ;0.2239 1.350 || 2.80 |0.0398| 2.60
1.35 | 0.2114| 1.325 || 2.85 |0.0376 | 2.57
1.40 | 0.1995|1.300 | 2.90 |0.0355]| 2.55
1.45 [ 0.1884|1.275 | 2.95 |0.0335 | Z.52
1.50 10.1778|1.250 || 3.00 |0.0316]| 2.50

COUON O T OO UNO OO NN UNOUNO U UTO Lo Lo U Ut © L;t

b 4

® Computed according to formula (i).

'
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If parallel light is incident normally (per-
pendicularly) on a photographic film, and all of
the transmitted light is collected and equally
weighted in the measurement as shown schem-
atically in jeisf 82, a lower value of density will
be obtained than if only the specularly trans-

(corS_

of Density

ALRRE NI

mitted beam is collected. Experimental and
theoretical work show that the density obtained
in this way will be the same as totally diffuse
density.

The effective density of a film viewed on an
opal glass illuminator approaches totally diffuse
density. Small, known discrepancies occur,
however, because of inter-reflections between

schempatically in Fi.gllOa. These two types of
density are known as ‘‘diffuse density’”’ and
“spegular density’’. The first is called ““totally
diffuge density’ in
to indlicate that all of the diffuse light is collected
and |measured. The distinguishing modifier
“totqlly” has been selected to set this speci-
fically defined type of diffuse density apart from
the 1posely defined or undefined diffuse density
commonly found in the literature. In practice,
if a| negative photographic film is contact
printed on photographic paper using nearly
parallel and normally incident light, as shown
inF-ig{Sb, its effective density may be identical
with [totally diffuse density illustrated inF-igl 8a.

A humerical value of density which is appre-
ciably higher than totally diffuse density is
obtained if completely diffuse light, as in
i Da, is used to illuminate the sample, and
all of the transmitted light is collected and
equal]ly weighted in the measurement.. The
increpse over totally diffuse density is(due to
the flact that a higher percentage of ‘the light
rays |traverse a longer path through the silver
depopit. This type of density is termed “doubly
diffuge density”’.

If |a sheet of highly diffusing material is
introduced in the contact‘printer in the position
shown in HE)D, theCeffective density of the
negative film will bé\increased and will tend to
equal doubly diffiSe density illustrated in
F-ig{ a. Many~practical contact printers use a
diffuyer or a_semi-diffuser in a manner similar
to that shown'in f&g{ 9b. Many practical contact
printlers” ‘also use an extended light source
consLting of a number of incandescent lamps

mitti:d Tight is collccted and measured as snown

TP Oeea Rt ““4
ey

o

a i\-ﬁ‘od\-sm)

Colove (

the opal glass and the flm.

The use of a cover glass over the.'dgnsity
sample, either in making the measuremerlts or
in practical photographic work, has a small but
measurable effect on the density valuel In
general, the cffect of the cover\glass is to indrease
the density by a small amount, approximately

04025.
’

Aé S‘lectral 'l:ypes of Density

In the abeye“discussion only the geonpetric
attributes of density have been discussed. In
general, ‘the numerical value of density will
dependyalso on the relative spectral emission of
thesilluminant and the spectral sensitivify of
thé, receiver. (In the unique case wher¢ the
sample is spectrally nonselective, the spectral
character of the source and the receiver w}:‘ not

influence the results.) Just as a large vgriety
of geometric optical systems are used in photo-
graphic practice, numerous source-reg¢eiver
spectral combinations are also to be found| For
example, films intended for viewing are |often
examined under tungsten illumination at various

temperatures. Daylight, fluorescent [light,

carbon arc light, and other sources are $ome-
times used.
In common practice photographic film$ and

plates are usually either viewed by the hpman
eye or printed on positive photographidq ma-
terials. Other important uses for photographic
silver images are, of course, found in practice
such as the use of films to modulate a light beam
in sound recording or the use of films and plates
in the field of astronomy and spectrum angalysis
in which measurements are often made on the

and this tends to give density values which
approach doubly diffuse density.

If the film is used in a specular type projector
as shown in feef 10b, the effective density will
usually be increased further and may agree
approximately with specular density as illus-
trated in feed 10a. Many projection printers are
only semi-specular so that the effective density
of the film used in them is somewhere between
specular density and totally diffuse density.

Another method of illuminating the sample
and collecting the transmitted light is shown
in §sigf 11. Completely diffuse light is incident
on the sample but only the specularly trans-

developed photographic image by means of
photoelectric equipment. In certain other types
of work the density at a single wavelength of
radiation is used. In these cases the visual or
printing densities of the deposits may be of
little interest.

At present, however, only two spectral types
of density are specified in detail, namely :

1, Visual density, and
fz/ Printing density.
These differ only with respect to the spectral

sensitivity of the receiver of the transmitted
radiant energy.

— 18 —
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FGule 8 —  Totally dhiffuse Shensity
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F\GuRE A — Doubly Aiﬁuse density
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F—\G..QQG. A0 ~— Specular density
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3 L nd—)

C Totally Jiffuse density

(1lustrating gynother yWethod of '(lluminating and gollecting transmitted ﬂight)
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