
I N TE R NAT1 O NA L 
STANDARD 

IS0 
6221 

Second edition 
1991 -06-1 5 

Photography - Films and papers - 
Determination of dimensional change 

PhOlOgraphie - Films et papiers - Détermination des variations 
dimensionnelles 

U1 B 
Refèrence number 

IS0  6221:1991(E) 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 62

21
:19

91

https://standardsiso.com/api/?name=495b1b7552be23356a8dc66368ee5a9c


IS0 6221 :1991 (E) 

Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work 
of preparing International Standards is normally carried out through IS0 
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, govern- 
mental and non-governmental, in liaison with 150, also take part in the 
work. IS0 collaborates closely with the International Electrotechnical 
Commission (IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an Inter- 
national Standard requires approval by at least 75% of the member 
bodies casting a vote. 

International Standard IS0 6221 was prepaqed by Technical Committee 
ISO/TC 42, Photography. 

This second edition cancels and replaces the first edition 
(IS0 6221:1980), which has been technically revised. 

Annexes A, B and C of this International Standard are for information 
only. 

O I S 0  1991 
Ali rights reserved. No part of this publication may be reproduced or utilized in any form 
or by any means, electronic or mechanical, including photocopying and microfilm, without 
permission in writing from the publisher. 

International Organization for Standardization 
Case Postale 56 CH-1211 Genève 20 Switzerland 

Printed in Switzerland 
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Introduction 

This revision of IS0 6221:1980 includes additional information on photo- 
graphic paper and expands the coding system for processing changes. 

Photographic films and papers exhibit temporary or reversible dimen- 
sional changes as well as permanent dimensional changes. This Inter- 
national Standard is designed to provide uniform methods for treating 
the samples and for expressing the dimensional changes which occur 
with changes in atmospheric conditions and those which occur in pro- 
cessing and ageing. 

Temporary or reversible dimensional changes are the result of changes 
in equilibrium moisture content (which is determined by the relative 
humidity of the surrounding atmosphere) or changes in temperature. 
Permanent dimensional changes occur as the result of processing and 
ageing. The rate of permanent shrinkage of film generally increases with 
temperature but decreases with time. The rate of shrinkage may also 
be greatest at either high or low relative humidity, depending on the 
type of film. Some materials, particularly photographic film on polyester 
base, can show a swelling after a high humidity exposure. 

The increasing use of photographic films in recent years, in applications 
where dimensional stability is critical, has emphasized the importance 
of an accurate measure of dimensional properties. For example, in 
photomechanical reproductions a dimensional change of as little as 
0 , O l  % may be of practical importance. In the case of aerial mapping, 
uniform shrinkage is not serious since it can be easily corrected by a 
change in magnification, but any difference in shrinkage in the two 
principal directions is a source of error. Any localized or non-uniform 
changes in dirnension are of practical concern. 

The dimensional change properties of any film or paper depend not only 
on their composition and method of manufacture but also on their ther- 
mal and moisture content history. Accurate evaluation of such pi-oper- 
ties requires some control over the sample history as well as very 
precise control over the conditioning and measuring procedures. Film 
and paper dimensions are also subject to hysteresis effects. These are 
relatively more important with the more stable materials such as poly- 
ester photographic base films. 

Additional information on the dimensional characteristics of photo- 
graphic films and papers and on methods of measurement may be found 
in the bibliography (see aiinex C). 

... 
III 
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j 
I 
l INTERNATIONAL STANDARD IS0 6221 :1991 (E) i 
l 

l 

Photography - Films and papers - Determination of 
dimensional change 

1 Scope 

This International Standard gives a method for de- 
termining the dimensional change of photographic 
films and papers caused by 

a) variations in equilibrium moisture content due to 
change in the relative humidity of the atmos- 
phere (humidity coefficient of expansion): 

b) change in temperature (thermal coefficient of 

0 

expansion); 

c) processing; 

d) ageing. 

This International Standard deals with the moisture 
content and thermal history of the samples before 
measurement, the atmospheric conditions during 
measurement, and the treatment of the data. This 
standard does not describe the various exper- 
imental techniques used to make the measure- 

This International Standard is not suitable for deter- 
mining the dimensional change of instant photo- 
graphic film. 

@ ments. 

2.2 humidity coefficient of expansion: The change 
in dimension per unit length per 1 % change in 
relative humidity. 

2.3 thermal expansion (or contraction): The dimen- 
sional change caused by a rise (or fall) of tempera- 
ture at constant relative humidity’). 

2.4 thermal coe 
dimension per unit length per I “C change in tem- 
perature. 

2.5 dimensional change, due to 
permanent dimensional change caused by photo- 
graphic processing. This may be the conventional 
wet chemical processing, vapour processing or heat 
processing. It is measured after conditioning at the 
same relative humidity and temperature as used for 
the original measurement and is expressed as a 
percentage. 

2.6 dimensional change due to processing plus 
ageing: The permanent dimensional change which 
occurs as a result of processing plus ageing of the 
processed material. It is measured after condition- 
ing of the processed, aged film or paper at the same 
relative humidity and temperature as used for the 
original measurement and is expressed as a per- 
centage. 

2 Definitions 2.7 length direction: The direction of the film or 
paper parallel to its forward movement in the film- 

For the purposes of this International Standard, the or paper-making machine. This is  also termed 
fol low i n g d e fi n it ion s a p p l y. “grain” or “machine direction” in the case of pa- 

pers. 
2.1 humidity expansion (or contraction): The di- 
mensional change caused by the gain (or loss) of 2.8 width direction: The direction of the film or pa- 
moisture following changes in the relative humidity per at right angles to  the length direction. This is 
of the ambient air at constant temperature. also termed “cross direction”. 

1) This is an apparent thermal expansion since the moisture content of film varies slightly with temperature at constant 
relative humidity. However, the primary effect is thermal expansion. Thermal expansion is  less important for paper bëcause 
of the small changes involved, particularly compared to humidity effects. 

1 
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2.9 differential dimensional change: The difference 
between the dimensional changes of the material in 
the two principal directions (length and 

2.10 conditioning: The exposure of a sample to air 
at a given relative humidity and temperature until 
equilibrium is reached. 

2.11 preconditioning: The establishment of a 
moisture content history by conditioning the sample 
at a relative humidity above or below the condition- 
ing relative humidity used for measurement. The 
purpose of preconditioning is to control the effects 
of hysteresis (see 2.12). 

2.12 dimensional hysteresis: The difference in the 
absolute dimensions of a sample in equilibrium with 
air at a given relative humidity, when conditioned 
from a higher relative humidity and when con- 
ditioned from a lower relative humidity (see 
annex 6). 

3 Technique of measurement 

There are a number of different techniques used for 
measuring the dimensional change of sensitized 
materials. Specifications of measuring equipment is 
beyond the scope of this International Standard, but 
several approaches are described in annex A. 

4 Sampling 

4.1 Selection of samples 

Samples intended for dimensional stability tests 
should exhibit no obvious physical defects, be rep- 
resentative of the whole of the material being tested, 
be handled in the same manner as in actual use, 
and be treated uniformly. When different materials 
are to be compared, they should preferably have 
been subjected to the same conditioning history. 
The length direction should be indicated i f  known. 

4.2 Handling of specimens 

Specimens shall be prepared under controlled con 
ditions and then separated into groups which art 
subjected to different atmospheric conditions, The 
operator shall take care not to breathe on thq 
specimens and shall wear moisture-resistant glove+ 
while handling them. 

~ 4.3 Processing of specimens 

Specimens shall be exposed and processed by 
methods and equipment normal for the product. 
When the effects of processing machines, tension$, 
or drying conditions are being investigated, the film 
or paper should be processed in the sizes of practi- 
cal interest. Specimens may be developed as neg)- 
tives or as positives but this can affect th’e 
dimensional change properties of some material?. 
Silver-gelatin films generally show less dimensionpl 
change when they have low density rather than with 
high density. 

5 Conditioning 

5.1 Constant humidity chamber 

Either a walk-in constant humidity room or a cabii 
may be used. 

t 

5.1.1 Constant humidity room 

The relative humidity shall be held constant (to 
f 1 % RH or better in areas of lhe room whdre 
specimens are measured3). 

5.1.2 Constant humidity cabinet 

The relative humidity within the cabinet4’ should Ibe 
controlled as closely as possible. Where the cabihet 
is mechanically air-conditioned, the relative hu- 
midity shall be constant to i: 1 % RH or better. 
Where a saturated salt soliition is used for contbl, 
provision shall be made at the bottom of the cabipet 
for inserting suitable trays, which shall hold abbut 

2) Polyester-based films frequently have the maximum and minimum dimensional changes in directions other than ithe 
length or width. These can be determined by rotating and viewing the uncoated base between a pair of crossed polarizbrs. 
When either the maximum or minimum direction i s  coincident with the optical axis of one polarizer, there is minimum light 
transmission through the base. O 

3) The room shall be vapour sealed and insulated on all six sides. The room shall be mechanically air-conditioned and the 
air circulated at a linear velocity of at least 15 cm/s. The number of personnel permitted in the room at any one time dujing 
testing shall be limited. The relative humidity of the room shall be checked regularly, preferably by means of an eledtric 
hygrometer calibrated by a dew point method. 
4) A convenient size for a humidity cabinet is approximately 1 m in height and 0,5 m in width and depth. It should be 
constructed of materials which will ensure good insulation. Suitable provision shall be made for thermostatically contro(ling 
the temperature within the cabinet. Air shall be circulated throughout the cabinet at a linear velocity of at least 30 cbls. 
The cabinet shall be equipped with ports filled with moisture impermeable (e.g. rubber or plastic) gloves for entrance of 
the operator’s hands. The relative humidity of the cabinet shall be checked regularly, preferably by means of an elebtric 
hygrometer calibrated by a dew point method. 

I 
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1 I of salt solution. A large surface area is needed 
and about I O00 cm2 is suitable. 

5.2 Standard temperature and humidity 

The standard temperature shall be 23 "C f 0,5 "C 
except for the test specified in clause 7. The relative 
humidity is specified in the respective test pro- 
cedure subclauses and depends upon the property 
being measured. 

5.3 Conditioning of specimens 

Specimens may be suspended in the conditioning 
atmosphere by means of a hook or a rod through a 
hole in the middle of one end near the edge of the 
specimen. The specimens should be separated to 
prevent contact with each other. An alternative 
method of conditioning is to place specimens in 
racks spaced so that there is free circulation of the 
air on both sides of the material. The specimens 
shall not be removed from the conditioning atmos- 
phere for measuring. Condition specimens until 
practical moisture equilibrium has been reacheds). 

5.3.1 Film 

The conditioning time for film will be about 4 h but 
will vary according to access of the conditioning air, 
the film type, base thickness, etc. Conditioning time 
should not exceed 24 ha). 

5.3.2 Paper 

Double weight non-resin coated papers will require 
about 8 h of conditioning; resin coated papers re- 
quire up to 14 d depending on resin coverage. 

6 Test for humidity coefficient of 
expansion 

6.1 Procedure 

Five specimens shall be preconditioned7) at 10 Yo to 
15 Yo RH, then conditioned at 15 % to 25 YO RH (but 
at least 5 % RH above the preconditioning relative 
humidity) and measured. They shall then be con- 
ditioned again at 50 % to 60 YO RH and 
re m eas u rede). The conditioning t em pe rat u re s ha1 I be 
constant as specified in 5.2 The two conditioning 

IS0 6221:1991(E) 

humidities shall be measured to a precision of 
It 1 Yo RH in accordance with 5.1.1. 

The test may be made on both unprocessed and 
processed specimens depending on the measuring 
method used (see annex A). The humidity coef- 
ficient of expansion of unprocessed and processed 
film is generally not the same. 

6.2 Calculations 

Since the dimensional change c versus relative 
humidity is not always linear (se nex B), this test 
method gives only an average coefficient over the 
range measured. The dimensional change between 
the two measurements of five specimens shall be 
averaged and the humidity coeTficients of expansion 
shall be calculated in accordance with the following 
form u I a : 

I l  = 12 - 4 
I, x ARH 

where 

/I is the humidity coefficient of expansion 
per 1 O/O RH; 

I ,  is the gauge distance or the dimension 
measured at the initia 
perature and relative hu 

is the gauge distance or the dimension 
measured at the final conditioning tem- 
perature and relative humidity; 

i2 

ARH is the difference between the two con- 
ditioning relative humidities used, as a 
percentage. 

6.3 Test report 

The test report should contain the following: 

a) humidity coefficients of expansion for both the 
length and width directions; 

b) two conditioning relative humidities and tem- 
perat II re; 

c) a statement as to whether the samples were un- 
processed, processed to high density, or pro- 
cessed clear; 

5) The time required to achieve this shall be established by actual measurements on representative samples or based 
on prior experience. 
6) At relative humidities of 60 % and above, films and papers sometimes uhdergo an irreversible change in size with time. 
For this reason, the conditioning time must be standardized for comparison purposes. 
7) Preconditioning times of 1 h to 2 h are recommended for photographic film, 4 h for non-resin coated paper, and 7 d for 
resin coated paper 
8) This range of relative humidity is selected because the dimensions with respect to the relative humidity curve for some 
materials is abnormal, i.e. above 60 % RH (see annex B). 
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d) a statement as to the statistical validity of the 
measured coefficient. 

7 Test for thermal coefficient of 
expansionQ) 

7.1 Procedure 

Five specimens shall be conditioned, first at 45 “C 
to 50 “C and measured, and then conditioned at 
10 “C to 25 “C and measured againto). A conditioning 
time of 4 h at each temperature is recommended. 
Both the specimens and the measuring equipment 
shall be at thermal equilibrium. The relative hu- 
midity shall be the same at both temperatures and 
controlled as specified in 5.1. A low humidity is more 
practical for laboratory work, but other relative hu- 
midities may be usedll’. The test can be made on 
either unprocessed or processed material, depend- 
ing on the measuring method used (see annex A). 
The measuring equipment shall not be affected by 
the thermal changes or else the measurements 
shall be corrected for thermal effects. 

7.2 Calculations 

The dimensional change between the two rneasure- 
ments of five specimens shall be averaged and the 
thermal coefficients of expansion shall be calculated 
in accordance with the following formula: 

4 - 43 
I, x AT U =  

where 

U is the thermal coefficient of expansion 
per 1 “C; 

Z3 is  the gauge distance or the dimension 
measured at the initial conditioning tem- 
perature and relative humidity; 

is the gauge distance or the dimension 
measured at the final conditioning tem- 
perature and relative humidity: 

AT is the difference between the two con- 
ditioning temperatures used, in degrees 
Celsius. 

Depending on the type and composition of the 
measuring equipment, it may be necessary to cor- 
rect for the thermal expansion of the gauge or of the 
reference standard. 

I, 

7.3 Test report 

The test report should contain the following: 

a) thermal coefficients of expansion for both t t  
length and width direction; 

b) conditioning temperatures and relative humidit 

c) a statement as to whether the samples were ui 
processed, processed to high density, or pn 
cessed clear; 

d) a statement as to the statistical validity of tb 
measured coefficient. 

8 Test for dimensional change due to 
processing 

8.1 General 

The dimensional change due to processing 
photographic films and papers can be markedly i 
fected by the following three variables in the te 
procedure. 

8.1.1 
sample 

Preconditioning relative humidity of raw 

The dimension of the unprocessed specimen at1 
given relative humidity can be dependent to a lar e 
extent upon the preconditioning humidity histoyy . 
This is due to the hysteresis and relaxation effeqts 
described in annex B. It is necessary to specify 
whether the sample had been preconditioned frdm 
a lower or from a higher humidity prior to the orilg- 
inal measurement on the unprocessed materitil. 
This is indicated by the letter “L” for the former abd 
“H” for the latter. When film is measured from the 
origin al box (or packaging ) wit ho ut precond i t ioni rig , 
the letter “B” is used. 

8.1.2 Preconditioning relative humidity of I 
processed sample 

The preconditioning humidity history is as impori$nt 
for the dimension of the processed sample as for $he 
raw sample described in 8.7.1. The letters “L” qnd 
“H” are also used to indicate the humidity histbry 
of the processed material. The letter “H” is also 
used when the sample is dried after processing1 at 
the measuring humidity. 

9) Dimensional changes of photographic paper with reasonable changes in temperature (but at the same moisture contQnt) 
are so small that measurement is  very difficult and has little practical significance. This method is  of importance’ for 
photographic film. 
I O )  The high-temperature measurement i s  made first so that any permanent shrinkage which may occur during don- 
ditioning will not affect the result. 
1 I) The thermal coefficient of expansion varies slightly with relative humidity for some materials. , 

4 , 
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Although the drying conditions after processing af- 
fect the dimensional change due to processing, the 
effect is erased when the processed film is precon- 
ditioned. If measurements are made on processed 
film that is not preconditioned after processing, the 
letter “M” is used. 

8.1.3 Measuring relative humidity 

Samples shall be conditioned to moisture equilib- 
rium with the same relative humidity for both the 
raw and processed measurements. Otherwise a 
reversible humidity change will be included in the 
measured dimensional change. However, the di- 
mensional change due to processing can be very 
dependent upon the relative humidity at which those 
measurements are made and this shall be indicated 
when reporting the results. 

8.2 Coding system 

A wide variety of test procedures can be used for the 
measurement of dimensional change due io pro- 
cessing by varying the preconditioning history of the 
raw and processed samples and the relative hu- 
midity at which these measurements are made. To 
characterize the procedure used, a coding system 
is used. For example, procedure LH-50 signifies that 
the raw sample had been preconditioned from a low 
humidity (L), the processed sample had been pre- 
conditioned from a high humidity (H), and all 
measurements were made at 50 O/O RH. Likewise, 
procedure LL-10 indicates that both the raw and 
processed sample had been preconditioned at a 
lower humidity than the 10 % RH at which the sam- 
ples were measured. In practice, the range en- 
compassed by LH-50 (tray processed and air dried) 
and HL-50 (machine processed and machine dried) 
generally reflects the expected variation in process- 
ing dimensional change. The procedure BM-50 indi- 
cates that no preconditioning was done for either the 
raw film from the original box (or packaging), or the 
processed film from the machine 

8.3 Procedure 

Five specimens shall be preconditioned1*). The pre- 
conditioning relative humidity shall be chosen to 
provide the desired low (L) or high (H) humidity his- 
tory and shall be at least 5 %O RH below or above 

the measuring humidity. The specimens shall then 
be conditioned to the measuring relative humidity 
and the specimen dimensions shall be measured (or 
exposed i f  a photographic image is to be used for 
measurement as described in annex A). The speci- 
mens shall be processed and dried as outlined in 
4.3. The specimens shall subsequently be precon- 
ditioned to the desired low or high preconditioning 
humidity, conditioned at the measuring relative hu- 
midity and remeasured131. The conditioning tem- 
perature shall be the same before and after 
processing and shall be controlled as specified in 
5.2; the conditioning time shall be as specified in 
5.3. 

8.4 Calculations 

The dimensional changes between the two 
measurements of five specimens shall be averaged 
and the processing dimensional change calculated 
according to the following formula: 

where 

%I’ is the dimensional change due to pro- 
cessing, as a percentage. A negative 
sign indicates shrinkage and a positive 
sign shows expansion; 

is the gauge distance or the dimension 
measured at the initial conditioning tein- 
perature and relative humidity; 

is the gauge distance or the dimension 
measured at the final conditioning tem- 
perature and relative humidity. 

l5 

I, 

8.5 Test report 

The test report should coniairi the following: 

a) procedure used (for example LH-50); 

b) dimensional changes due to processing for both 
the length and width directions; 

c) processing conditions (including drying con- 
ditions) and whether processed to a high density 
or processed clear. 

12) Preconditioning times of 1 h to 2 h are recommended for photographic film, 4 h for non-resin coated paper, and 7 d 
for resin coated paper. 
13) When samples are dried at the measuring humidity the letter “H” i s  used without the, need for a separate precon- 
ditioning step. 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 62

21
:19

91

https://standardsiso.com/api/?name=495b1b7552be23356a8dc66368ee5a9c


IS0 6221:1991 (E) 

9 Test for dimensional change due to 
processing plus ageing 

9.1 Ageing Conditions 

The ageing conditions14J used shall be selected from 
the followingI6): 

a) normal conditions, 23 "C _+ 2 "C and 

b) summer conditions, 32 "C  f 2 "C  and 

c) moist tropical conditions, 32 "C 2 "C and 

d) dry accelerated conditions, 50 "C  k 2 "C and 

(50 f 5) % RH; 

(50 k 5) '/O RH; 

(90 k 5) O h  RH; 

(20 f 5) % RH. 

9.2 Ageing time 

The ageing times used shall be selected from the 
following: one week, one month, three months, six 
months, one year or multiples thereof. 

9.3 Procedure 

Five specimens shall first be subjected to procedure 
LL-50 in accordance with 8.3. They shall be placed 
at least 6 mm apart on racks, or hung from clips, 
and stored under one or more of the ageing con- 
ditions listed in 9.1. After the ageing time (see 9.2) 
has elapsed, the specimens shall be 
preconditioned16) at a low humidity at the standard 
temperature (see 5.2), then conditioned at 50 % RH, 
as specified in 5.3, and remeasured. The specimens 
may then be returned to the same ageing condition 
and stored for another time interval if desired. 

9.4 Calculations 

The dimensional changes between the initia 
measurement of the raw material and the fina 
measurement of the processed and aged materia 
for the five specimens shall be averaged and the 
dimensional change due to processing plus ageing 
calculated in accordance with the following formula 

where 

"/on is the dimensional change due to pro 
cessing plus ageing, as a percentage. f 
negative sign indicates shrinkage and q 
positive sign indicates expansion; I 

is the gauge distance or the dimension 
measured at the initial conditioning tem- 
peratu re and re1 ative hum id i ty ; 

is the gauge distance or the dimensiop 
measured at the final conditioning tem- 

2, 

2, 

perature and relative humidity. 

9.5 Test report 

The test report should include the following: 

a) dimensional change due to processing plus a! 
ing for both the length (machine) and wit 
(cross) directions; 

b) processing conditions (including drying CI 
ditions) and whether processed to a high den: 
or processed clear; 

c) ageing conditions: 

d) ageing time. 

14) Moist, accelerated conditions hasten shrinkage caused by loss of residual solvent in solvent-coated film base. 
accelerated conditions hasten shrinkage caused by strain relaxation or plastic flow of film base. Photographic paper di 
not have solvent loss shrinkage but does change dimension with humidity cycling due to strain relaxation (see annex I 
15) The tolerances on temperature and relative humidity for ageing conditions do not need to be as critical as the to 
ances on temperature and relative humidity for conditioning for measuring. 
16) Preconditioning times of 1 h to 2 h are recommended for photographic film, 4 h for non-resin coated paper, and 
for resin coated paper. 
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Annex A 
( i nfo rm at i ve) 

Methods to measure dimensional change 

Many different techniques are available today to 
measure the size change of photographic films and 
papers. The most suitable method depends upon the 
accuracy required, the dimensions of the sensitized 
material available for measurement, the relative 
importance of measuring the physical dimensions 
of the material or the displacement of the photo- 
graphic image, whether dimensions shall be meas- 
ured simultaneously in different directions, and the 
need to obtain a measure of size change uniformity. 
Several well-established approaches are briefly re- 
viewed below. 

One widely-used technique is the pin gauge method 
first described by Davis and StovaII [ I l .  With this 
technique, the photographic material is punched 
with two pairs of perforations which are a known 
distance apart. These perforations fit over corre- 
sponding pairs of pins in a mechanical gauge, and 
the distance between the pins is read on a dial in- 
dicator. Repeatability of & 0,006 % can be obtained. 
Depending on gauge tension, lhis equipment may 
be less satisfactory with some thin photographic 
papers and thin base films since the perforations 
may not have sufficient strength to resist distortion. 
This procedure gives a dimensional change aver- 
aged over the gauge length, and localized areas of 
non-uniform behaviour will not be detected. More- 
over, values are determined only in one direction of 
the test specimen and appropriate specimens shall 
be cut for each direction of interest. Within these 
limitations, this technique has proved to be ex- 
tremely useful (21. 

A variation of this method mounts the specimens on 
register pins, one of which is fixed at the top of an 
inclined plane while the other register pin is 
mounted on a steel block containing a dial gauge. 

The block rests on bearings and is free to move up 
and down on the inclined plane [W. 

Another useful device, which also measures the di- 
mensions of strips, is an electronic gauge 141 using 
a strain gauge. Again, this method is limited to one 
dimension and a spring-loaded probe tends to de- 
fiect base materials. 

Dimensional changes in several directions of photo- 
graphic film have been simultaneously studied by 
exposing a reseau or grid on the film and sub- 
sequently comparing the intersections of this grid 
against those of the original rnaster grid (on a glass 
plate) using an optical comparator. This approach 
can yield very precise values [SI 161 [7l and can be 
made on relatively large sheet sizes. However, the 
measurements are very laborious, A more sophisti- 
cated variation of this technique measures X and Y 
coordinates of a rectangiilar grid pattern [SI. A com- 
puter program converts these coordinates into more 
meaningful data. 

Another optical method on large sheet sizes in- 
volves the principle of nioiré interference patterns 
[QI to [W. A fine half-tone chequered pattern on glass 
is exposed on the film and registration is sub- 
sequently made with the glass master of the 
chequered pattern. The resulting moiré patterns can 
be used to calculate absolute size change and also 
to illustrate readily any nonuniformities in size 
changes. Both this moiré technique and the grid- 
comparator tnethod utilize the photographic image 
for measurement purposes and hence cannot be 
used on unprocessed materials. 

Both grid and the moiré method also provide infor- 
mation on the uniformity of dimensional change. 
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Dimensional hysteresis in photographic materials 

Careful measurement of the dimensional properties 
of photographic materials, particularly those coated 
on low-shrink, moisture-resistant polyester photo- 
graphic film base and on paper base, shall take into 
account the phenomenon of dimensional hysteresis. 
This is the failure of the material to reach the same 
dimensions when its equilibrium moisture content is 
approached from a lower or from a higher relative 
humidity. 

Hydrophilic or moisture absorbing materials exhibit 
a moisture hysteresis and have a higher moisture 
content when equilibrium is approached from a 
higher relative humidity than when it is approached 
from a lower relative humidity. Paper, cellulose 
ester, and gelatin are typical of such materials. 
However, dimensional hysteresis in photographic 
materials is further complicated because mechan- 
ical factors, in addition to moisture absorption, are 
involved. 

Dimensional hysteresis curves are shown in 
figure B. l  for an unprocessed cellulose ester base 
film. Figure 8 . 2  shows the dimensional hysteresis for 
both unprocessed and processed film coated on 
hydrophobic polyester film base. Figure 8.3 illus- 
trates such curves for a typical photographic paper 
base. These curves illustrate the dimensional 
changes that occur with cycling relative humidity 
although there can be considerable variation in be- 
h aviou r for different mate ri al s. The un p rocessed 
cellulose ester base film illustrated in figure €3.1 
shows the normal type of hysteresis resulting from 
higher moisture content during desorption than dur- 
ing absorption. Film coated on the polyester photo- 
graphic film base (see figure 8.2) on the other hand, 
shows “hysteresis” but in the reversed direction; 
that is, the film has a smaller dimension when the 
relative humidity is approached from above The re- 
versed hysteresis observed here is due to mechan- 
ical and rheological effects related to the 

gelatin-base interactions 1131. 1 hus, two competing 
forces may be present to cause dimensiona 
hysteresis in photographic films, namely, norma 
moisture hysteresis in the base and a reversec 
hysteresis due to the mechanical effects of the 
gelatin. In fact, some types of cellulose ester bass 
film also exhibit reversed hysteresis. In other words, 
the type of base and emulsion and the baseh 
emulsion thickness ratio determine the dimensionall 
hysteresis characteristics. 

For photographic papers, hysteresis curves are 
complicated by the stretching which paper wa8 
given during the paper-making operation. As thh 
humidity decreases from a high humidity condition, 
the machine direction follows a lower curve than it 
followed with increasing humidity due to release df 
dried-in strains. This strain relaxation results ih 
permanent shrinkage However, in the cross direû- 
tion, the paper shows normal hysteresis behaviour 
and follows a desorption curve of greater dimeq- 
sions. 

It is apparent from the above that the dimensional 
properties can be accurately determined only by th,e 
most careful control of the sarnple history and th,e 
rigid specification of test conditions. In clause 6, 
measurement is specified over a range below 
60 % RH because the curves sometimes show an 
inflection point at high humidiiy. In clause 8, differ- 
ent procedures may be  used to take into account 
different combinations of moisture history in the r a h  
and processed material that may occur in practice. 
This is relatively more important in the more stable 
materials coated on polyester photographic film 
base. Figure B.2 illustrates the variation in dimen- 
sional changes that can be caused by previous 
moisture history, even when the film is returned to 
the same relative humidity at the time of printing as 
existed at the time of camera exposure. 

I 
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Figure B.1 - Dimensional hysteresis curve for a typical film (gelatin emulsian and backing) coated on cellulose 
ester base 
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Figure 6 . 2  - Dimensional hysteresis curves for a typical film (gelatin emulsion and hacking) coated on 
polyester base 
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Figure 8.3 - Dimensional hysteresis curves for a typical photographic paper base 
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