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Introduction

Photographic films and papers exhibit temporary or reévers
changes as well as permanent dimensional changes. T
Standard is designed to provide uniform metHods for treat]
and for expressing the dimensional changestwhich occur
atmospheric conditions and those which.6c¢ur in processin

Temporary or reversible dimensionakehanges are the resy
equilibrium moisture content (which'is determined by the

ble dimensional
his International
ing the samples
with changes in
g and ageing.

It of changes in
elative humidity

of the surrounding atmosphefe))'or changes in temperatlure. Permanent

dimensional changes occur ‘@s the result of processing 3
rate of permanent shrinkage of film generally increases W
but decreases with timée."The rate of shrinkage may alsd
either high or low rejative humidity, depending on the typ
materials, particularly' photographic film on polyester bas
swelling after a high humidity exposure.

The increasing use of photographic films in recent years
where dimensional stability is critical, has emphasized th
an agcUrate measure of dimensional properties. For exa
meChanical reproductions a dimensional change of as little
be of practical importance. In the case of aerial mapping, ur
IS not serious since it can be easily corrected by a change

nd ageing. The
ith temperature
be greatest at
e of film. Some
e, can show a

in applications
b importance of
mple, in photo-
as 0,01 % may
iform shrinkage
n magnification,

but any difference in shrinkage in the two principal directions is a source of

error. Any localized or non-uniform changes in dimension
concern.

The dimensional change properties of any film or paper deg
their composition and method of manufacture but also on t
moisture content history. Accurate evaluation of such pro
some control over the sample history as well as very preg
the conditioning and measuring procedures. Film and paper

are of practical

end not only on
heir thermal and
perties requires
ise control over
dimensions are

also subject to hysteresis effects. These are relatively mor

important with

the more stable materials such as polyester photographic biase films.

Additional information on the dimensional characteristics
films and papers and on methods of measurement may
bibliography (see annex C).

of photographic
be found in the
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Photography — Films and papers — Determination of
dimensional change

1 Scop

This Inte
papers c¢d

a) variat
coeffi

b) chang
c) proce
d) agein
This Inte

measure]
describe

This Inter

2 Defin
For the p

2.1 hun
following

e

national Standard gives a method for determining the dimensiofal change of photogr
used by

ons in equilibrium moisture content due to change in the rélative humidity of the atmos
cient of expansion);

e in temperature (thermal coefficient of expansion);
SSing;

3.
rnational Standard deals with the anoisture content and thermal history of the 9

nent, the atmospheric conditiong~@during measurement, and the treatment of the da
he various experimental techniques’used to make the measurements.

hational Standard is not suitable for determining the dimensional change of instant photog

itions
irposes of this.nternational Standard, the following definitions apply.

nidity expansion (or contraction): Dimensional change caused by the gain (or log
changes in the relative humidity of the ambient air at constant temperature.

Aphic films and

phere (humidity

amples before
ta. It does not

aphic film.

s) of moisture

2.2 hun

hidity coefficient of expansion: Change in dimension per unit length per 1 % change in 1

elative humidity

at constant temperature.

2.3 thermal expansion (or contraction): Dimensional change caused by a rise (or fall) of temperature at

constant

relative humidity.

NOTE — 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
because of the small changes involved, particularly compared to humidity effects.

2.4 thermal coefficient of expansion: Change in dimension per unit length per 1 °C change in temperature at

constant

relative humidity.

2.5 dimensional change due to processing: Permanent dimensional change caused by photographic
processing. This may be the conventional wet chemical processing, vapour processing or heat processing. It is
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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: Permanent dimensional change which occurs as a

result of nrnr\necmg nlus nnmng of the prnnneend material. It is measured after r\nnr{mnnmg of the nrocessed aaced

TouUiL Vi MIULT SO S GyTn YLTSSTuU ITGSuIcTu G UIT MIVLTOOTU, ayTu

film or paper at the same relative humidity and temperature as used for the original measurement and is expressed
as a percentage.

2.7

machine. This is also termed “grain” or “machine direction” in the case of papers.

2 8 width difection: Direction of the film or paper at right angles to the length direction. This is @ls
“cross direction”

2.9 differenti
principal directi

NOTE — Polyeg

length or width.

\A s
When the directi

of one polarizer,

2.10 conditid

reached.

2.11 precond

humidity above
is to control the

length direction: Direction of the film or paper parallel to its forward movement in the film- or paper-making

pl dimensional change: Difference between the dimensional changes of the material |
bns (length and width).

These can be determined by rotating and viewing the uncoated base betwegen-a pair of crossed

AAAAAAAAAAAAAAAAA T N o N R T e e T o Ty i P A Py

D COITeSpor luulg to either the maximum or minimum dimensional cnange is\Coincident with the
here is minimum light transmission through the base.

itioning: Establishment of a moisture content histery" by conditioning the sample at
or below the conditioning relative humidity used fof measurement. The purpose of preco
effects of hysteresis (see 2.12).

ter-based films frequently have maximum and minimum dimensional changes in directions othe

ning: Exposure of a sample to air at a given relative humidity..and temperature until equ

o termed

h the two

r than the
polarizers.
pticai axis

ilibrium is

a relative
nditioning

2.12 dimensional hysteresis: Difference in the absolute‘dimensions of a sample in equilibrium with air at a

given relative |
relative humidit

3 Measurer

There are a nu
Specifications d
are described i

4 Sampling

4.1 Selectior

Samples intend

umidity, when conditioned from a higher’relative humidity and when conditioned fron
V (see annex B).
hent technique

mber of different techniqués used for measuring the dimensional change of sensitized
f measuring equipmeftare beyond the scope of this International Standard, but several ay
annex A.

ofsamples

h a lower

materials.
proaches

ed 1or dimensional stability 1ests shail exnhibit no obvious physical defects, be representat

ive 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 shall preferably have been subjected to the same conditioning
history. The length direction should be indicated if known.

4.2 Handling of specimens

Specimens shall be prepared under controlled conditions and then separated into groups which are subjected to
different atmospheric conditions. The operator shall take care not to breathe on the specimens and shall wear
moisture-resistant gloves while handling them since moisture from the skin may reduce the accuracy of the results.
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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, tensions, or drying conditions are being investigated, the film or paper shall be processed
in the sizes of practical interest. Specimens may be developed as negatives or as positives, but this can affect the
dimensional change properties of some materials. Silver-gelatin films generally show less dimensional change
when they have low density rather than high density.

5 Conditioning

5.1 Cornstant humidity chamber
Either a Walk-in constant humidity room or a cabinet may be used.
5.1.1 Copstant humidity room

The relative humidity (RH) shall be held constant to £1 % RH or better in areas-0f the room where specimens are
measured. 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. Fhe-number of personnel permitted in the
room at gny one time during testing shall be limited. The relative humidity of the room shall be checked regularly,
preferably by means of an electric hygrometer calibrated by a dew-point method.

5.1.2 Copstant humidity cabinet

A converfient size for a humidity cabinet is approximately .I'm in height and 0,5 m in width and depth. It shall be
constructed of materials which will ensure good insulation. Suitable provision shall be made for thermostatically
controlling the temperature within the cabinet. Air shall\be circulated throughout the cabinet at a I|near velocity of
at least 30 cm/s. The cabinet shall be equipped withyports filled with moisture-impermeable (e.g. rlibber or plastic)
gloves fdr entrance of the operator's hands. Jhe relative humidity of the cabinet shall be ch¢cked regularly,
preferably by means of an electric hygrometer.€alibrated by a dew-point method.

The relafive humidity within the cabinet shall be controlled as closely as possible. Where|[the cabinet is
mechanidally air-conditioned, the relative humidity shall be constant to +1 % RH or better. Where |a saturated salt
solution i used for control, provisien.shall be made at the bottom of the cabinet for inserting suitaple trays, which
shall hold about 1 litre of salt solution. A solution tray with a large surface area is needed and albout 100 cm2 is
suitable.

5.2 Stapdard temperature and humidity

The standlard tempesature shall be 23 °C +0,5 °C except for the test specified in clause 7. The relgtive humidity is
specified|in the respective test procedure subclauses and depends upon the property being measured.

5.3 Conditioningof specimens

5.3.1 General

Specimens shall 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 shall 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 atmosphere for
measuring. Condition specimens until practical moisture equilibrium has been reached.

The time required to achieve this shall be established by actual measurements on representative specimens or
based on prior experience.
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5.3.2 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 shall not exceed 24 h.

At relative humidities of 60 % and above, films and papers sometimes undergo an irreversible change in size with
time. For this reason, the conditioning time shall be standardized for comparison purposes.

5.3.3 Paper

Double-weight fibre-hase papers will require about 1 day of conditioning; resin-coated papers require at least
7 days.

6 Test for humidity coefficient of expansion

6.1 Procedure

Five specimens [shall be preconditioned?) at 10 % to 15 % RH, then conditioned at 45'% to 25 % RH (bu} at least

5 % RH above t
to 60 % RH an
conditioning hun

The test may be
(see annex A). T
same.

6.2 Calculations

Since the dimer
gives only an
measurements
in accordance w

he preconditioning relative humidity) and measured. They shall then) be conditioned again
d remeasured.2) The conditioning temperature shall be constdnt as specified in 5.2.
nidities shall be measured to an accuracy of +1 % RH in accerdance with 5.1.1.3)

made on both unprocessed and processed specimenstdepending on the measuring met
he humidity coefficients of expansion of unprocessed and processed film are generall

sional change curve versus relative humidity is not always linear (see annex B), this test
average coefficient over the range-’measured. The dimensional change between
pf five specimens shall be averagédJjand the humidity coefficients of expansion shall be ¢
th the following formula:

at 50 %
The two

hod used
not the

method
the two
alculated

b=t
11 x ARH
where

H is thel humidity ceefficient of expansion;

A is thg gauge-distance or the dimension measured at the initial conditioning temperature and relative
humigity;

Iy 1S the—gauge—distance—orthe—dimensionrreasured—atthefinal conditioning—temperature—and relative
humidity;

ARH is the difference between the two conditioning relative humidities used, as a percentage.

1) Preconditioning times of 1 h to 2 h are recommended for photographic film, 4 h for fibre-base paper, and 7 days for resin-
coated paper.

2) 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).

3) Humidity measurements to within £1 % RH are difficult and are discussed in Technical Report ANSI/NAPM TR1-1995,
Humidity Measurement, which may be obtained from the American National Standards Institute, 11 West 42nd St., New York,
NY 10036, USA.

4


https://standardsiso.com/api/?name=35a014227244e2252963dd7a73e719e7

6.3 Test report

The test report shall contain the following:
a) humidity coefficients of expansion for both the length and width directions;
b) two conditioning relative humidities and temperature;
c) astatement as to whether the specimens were unprocessed, processed to high density, or processed clear.
7 Test for thermal coefficient of expansion
NOTE —| Dimensional changes of photographic paper with reasonable changes in temperatlre (but at the same moisture
content) gre so small that measurement is very difficult and has little practical significance(Ahis method ig| of importance for
photographic film.
7.1 Prgcedure
Five spefcimens shall be conditioned, first at 45 °C to 50 °C and measured, and then conditioned &t 10 °C to 25 °C
and megsured again.4! A conditioning time of 4 h at each temperature is recommended. Both th¢ specimens and
the megsuring equipment shall be at thermal equilibrium. Thé relative humidity shall be th¢ same at both
temperafures and controlled as specified in 5.1. A low humidlity is more practical for laboratory|work, but other
relative humidities may be used.5 The test can be made on-either unprocessed or processed material, depending
on the rpeasuring method used (see annex A). The rpgasuring equipment shall not be affected by the thermal
changes|or else the measurements shall be corrected\for thermal effects.
7.2 Calculations
The dimgnsional change between the'two measurements of five specimens shall be averaged |and the thermal
coefficigints of expansion shall be célculated in accordance with the following formula:
I3 -1
oa=13""
4 X AT

where

a is the.thermal coefficient of expansion;

I3 is; the gauge distance or the dimension measured at the initial conditioning temperature and relative

humidity;
lg is the gauge distance or dimension measured at the final conditioning temperature and relative
humidity;
AT s the difference between the two conditioning temperatures used, in degrees Celsius.

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

4) The high-temperature measurement is made first so that any permanent shrinkage which may occur during conditioning
will not affect the result.

5) The thermal coefficient of expansion varies slightly with relative humidity for some materials.


https://standardsiso.com/api/?name=35a014227244e2252963dd7a73e719e7

ISO 6221:1996(E) ©1SO

7.3 Test report

The test report shall contain the following:
a) thermal coefficients of expansion for both the length and width directions;
b) conditioning temperatures and relative humidity;

c) a statement as to whether the samples were unprocessed, processed to high density, or processed clear.

8 Test for dimensional change due to processing

8.1 General

The dimensional change due to processing of photographic films and papers can be markedly affectef by the
following three \ariables in the test procedure.

8.1.1 Relative humidity for preconditioning of raw specimen

The dimensions |of the unprocessed specimen at a given relative humidity can be{dependent to a large extent upon
the earlier humiflity used for preconditioning (preconditioning humidity histeny)/ This is due to the hystefesis and
relaxation effects described in annex B. It is necessary to specify whetherthe specimen had been preconditioned
from a lower on from a higher humidity prior to the original measurement on the unprocessed materid. This is
indicated by the|letter “L" for the former and “H” for the latter. When a specimen is measured from thg original
box (or packaging) without preconditioning, the letter “"B" is used.

8.1.2 Relative Humidity for preconditioning of processed specimen

The preconditiofing humidity history is as important for the’dimensions of the processed specimen as fof the raw
specimen descilibed in 8.1.1. The letters “L” and ~H* are also used to indicate the humidity histofy of the
processed matdrial. The letter “H” is also used when the specimen is dried after processing at the measuring
humidity.

Although the diying conditions after processing affect the dimensional change due to processing, the|effect is
eliminated whern the processed specimef) is preconditioned. If measurements are made on a processed dpecimen
that is not precdnditioned after processing, the letter “M" is used.

8.1.3 Measuring relative humidity

Specimens shall be conditieffed to moisture equilibrium using the same relative humidity for both the|raw and
processed meagurements\Otherwise a reversible humidity change will be included in the measured dinpensional
change. However, the dimensional change due to processing can be very dependent upon the relative hymidity at
which those mefsurements 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 to processing by
varying the preconditioning history of the raw and processed specimens and the relative humidity 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 specimen had been preconditioned from a low humidity (L), the processed
specimen had been preconditioned from a high humidity (H), and all measurements were made at 50 % RH.
Likewise, procedure LL-10 indicates that both the raw and processed specimen had been preconditioned at a
lower humidity than the 10 % RH at which the specimens were measured. In practice, the range encompassed by
LH-50 (tray processed and air dried) and HL-50 (machine processed and machine dried) generally reflects the
expected variation in processing dimensional change. The procedure BM-50 indicates that no preconditioning was
done for either the raw specimen from the original box (or packaging), or the processed specimen from the
machine.
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8.3 Procedure

Five specimens shall be preconditioned.®) The relative humidity for preconditioning shall be chosen to provide the
desired low (L) or high (H) humidity history and shall be at least 5 % 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 if a photographic image is to be used for measurement as described in annex A). The
specimens shall be processed and dried as outlined in 4.3. The specimens shall subsequently be preconditioned to
the desired low or high preconditioning humidity, conditioned at the measuring relative humidity and remeasured.”)
The conditioning temperature 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 Cdlculations

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

p==5 «100

Is
where

P is the dimensional change due to processing, as a percentages(a negative sign indicate$ shrinkage and a
positive sign indicates expansion);

Ig is the gauge distance or the dimension measured ‘at’the initial conditioning temperdture and relative
humidity;

lg is the gauge distance or the dimension measured at the final conditioning tempergture and relative
humidity.

8.5 Tgst report

The test report shall contain the following
a) progedure used (for example LH-50);
b) dimensional changes due to proeessing for both the length and width directions;

c) progessing conditions (jacluding drying conditions), clearly indicating whether processed to fa high density or
prog¢essed clear.

9 Test for dimensional change due to processing plus ageing

9.1 Ageingconditions

The agemgcomditions used stattbesetected-fromrthefottowing:

a) normal conditions: 23 °C + 2 °C and (50 + 5) % RH;

b) summer conditions: 32 °C £ 2 °C and (50 £ 5) % RH;

¢) moist tropical conditions: 32 °C £ 2 °C and (90 = 5) % RH;
d) dry accelerated conditions: 50 °C + 2 °C and (20 £ 5) % RH.

6) Preconditioning times of 1 h to 2 h are recommended for photographic film, 4 h for fibre-base paper, and 7 days for resin-
coated paper.

7) When specimens are dried at the measuring humidity the letter “M” is used without the need for a separate
preconditioning step.
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Moist, acceierated conditions hasten shrinkage caused by loss of residual soivent in solvent-coated film base. Dry

accelerated conditions hasten shrinkage caused by strain relaxation or plastic flow of film base. Photographic paper does not

have solvent loss

shrinkage but does change dimension with humidity cycling due to strain relaxation (see annex B).

2 The tolerances on temperature and relative humidity for ageing conditions do not need to be as critical as the tolerances on
temperature and relative humidity for conditioning for measuring.

9.2 Ageing time

The ageing timg]
multiples thereof.

9.3 Procedure

Five specimens

6 mm apart onr

the ageing time

temperature (seg 5.2), then conditioned at 50 % RH, as specified in 5.3, and remeasured. The specimens
be returned to th

5 USed shalbe setectedfrom the foffowmg— T week, T ot 3 months, 6 Tomnths,

(see 9.2) has elapsed, the specimens shall be preconditioned8 at g fgw humidity at the

e same ageing condition and stored for another time interval if désired.

9.4 Calculations

The dimensiona

shall first be subjected to procedure LL-50 in accordance with 8.3. They._shall be placed
hcks, or hung from clips, and stored under one or more of the ageing conditions listed in 9

changes between the initial measurement of the raw/ispecimen and the final measureme

1 year or

at least
. After
standard
nay then

Nt of the

processed and pged specimen for the five specimens shall be averaged and the dimensional changg due to
processing plus ggeing calculated, as a percentage, in accordanceiwith the following formula:
Ilg -1
A=2_"T o0
lg
where
A is thg dimensional change due toyprocessing plus ageing, as a percentage (a negative sign {ndicates
shrinkage and a positive sign indicates expansion);
I7 is thg gauge distance orthe’ dimension measured at the initial conditioning temperature and relative
humidlity;
lg is thg gauge distdnee or the dimension measured at the final conditioning temperature and relative
humidlity.

95 Testrepo

t

The test report shall include the following:

changes due to processing plus ageing for both the length and width directions;

a) dimensional
b)

processed clear;
¢) ageing conditions;
d) ageing time.

processing conditions (including drying conditions), clearly indicating whether processed to a high density or

8) Preconditioning times of 1 h to 2 h are recommended for photographic film, 4 h for fibre-base paper, and 7 days for resin-

coated paper.

8
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Annex A
(informative)

Methods of measuring 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 p
need to
below.

One wid

photogr
perforat
on a dia
be less

sufficien
and loca
direction

limitatio

A variat
plane w

and is fr

Another
gauge. A

Dimens
material
glass pl
can be

variatior

convert

Another

[9] to 1

made W

notographic image, whether dimensions shall be measured simultaneously in differentcdi
obtain a measure of size change uniformity. Several well-established approaches (are

satisfactory with some thin photographic papers and thin base filmis Since the perforatio

of the test specimen and appropriate specimens should bezgut’for each direction of inter
ns, this technique has proved to be extremely usefull2l.

i
be to move up and down on the inclined planel3l,

useful device, which also measures the.ditmensions of strips, is an electronic gauge
\gain this method is limited to one dimension and a spring-loaded probe tends to deflect b

onal changes in several directions-sifnultaneously have been studied by exposing a rese

nade on relatively large sheet sizes. However, the measurements are very laborious. A m

these coordinates info’more meaningful data.

absolutg size changé and also to illustrate readily any non-uniformities in size changes.

Both th

purpose
informa

is moiré technique and the grid-comparator method utilize the photographic image f

ely used technique is the pin gauge method first described by Davis and Stovallll. With th
phic material is punched with two pairs of perforations which are a(knéwn distan
ons fit over corresponding pairs of pins in a mechanical gauge, and the distance betweer
indicator. Repeatability of £0,006 % can be obtained. Depending onfgalge tension, this

t strength to resist distortion. This procedure gives a dimensional éhange averaged over {
lized areas of non-uniform behaviour will not be detected. Mereover, values are deterni

on of this method mounts the specimens on registerpins, one of which is fixed at the t
hile the other register pin is mounted on a steel blegk containing a dial gauge. The block fests on bearings

of this technique measures X and Y coordinates of a rectangular grid pattern(8l. A cg

optical method_émlarge sheet sizes involves the principle of moiré interference patterns
2]). A fine half*tone chequered pattern on glass is exposed on the film and registration
ith the glassémaster of the chequered pattern. The resulting moiré patterns can be |

ections, and the
briefly reviewed

is technique, the
ce apart. These
the pins is read
equipment may
Ns may not have
he gauge length,
ined only in one
pst. Within these

op of an inclined

4l using a strain
hse material.

au or grid on the

and subsequently comparing the ‘intersections of this grid against those of the original master grid (on a
te) using an optical comparatots This approach can yield very precise values (see referenc

es [5] to [7]), and
bre sophisticated
mputer program

(see references
is subsequently
sed to calculate

or measurement

sCand hence cannot be used on unprocessed materials. Both the grid and moiré meth

ods also provide

. bl -t e £ ol 1 |
10TTUTT UTe UurnmorTimty U UiriicTiotoriar Liatytc.
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Careful measurement of the dimensional properties of photographic materials, particularly those coated

© SO

on low-

shrink, moisture- resrstant polyester photographic film base and on paper base should take into account the

phenomenon of grr v
equilibrium moisture content is approached from a lower or from a higher relative humidity

Hydrophilic or mgisture-absorbing materials exhibit a moisture hysteresis and have a higher moisture‘conte
equilibrium is agdproached from a higher relative humidity than when it is approached from ‘a lower
humidity. Paper,|cellulose ester and gelatin are typical of such materials. However, dimensidnal hystd
photographic materials is further complicated because mechanical factors, in addition to moisture absorp
involved.

Dimensional hysteresis curves are shown in figure B.1 for an unprocessed cellulosg ester base film. Fi
shows the dimenmsional hysteresis for both unprocessed and processed film coated on hydrophobic polye
base. Figure B.3 illustrates such curves for a typical photographic paperibase. These curves illust
dimensional chapges that occur with cycling relative humidity, although.thére can be considerable var
behaviour for different materials. The unprocessed cellulose ester base“film illustrated in figure B.1 sh
normal type of rysteresis resulting from higher moisture content during desorption than during absorpti
coated on the pdiyester photographic fiim base (see figure B.2), on the other hand, shows “hysteresis” b
reversed directiop; that is, the film has a smaller dimension whenthe relative humidity is approached fron
The reversed hypteresis observed here is due to mechanical @nd rheological effects related to the gela
interactionsl13l. Thus, two competing forces may be present td cause dimensional hysteresis in photograpH
namely, normal moisture hysteresis in the base and a revéersed hysteresis due to the mechanical effect
gelatin. In fact, spme types of cellulose ester base film also exhibit reversed hysteresis. In other words, the
base and emulsipn and the base-emulsion thickness tatio determine the dimensional hysteresis characteris

For photographiq papers, hysteresis curves are_complicated by the stretching which the paper was give
the paper-makinp operation. As the humiditydécreases from a high humidity condition, the machine

follows a lower [curve than it followed with/increasing humidity due to release of dried-in strains. Th
relaxation result$ in permanent shrinkage:"However, in the cross direction, the paper shows normal hy
behaviour and fol|lows a desorption curve’of greater dimensions.

It is apparent frpm the above that'the dimensional properties can be accurately determined only by t
careful control of the sampleChistory and the rigid specification of test conditions. In clause 6, measurg
specified over a fange below’80 % RH because the curves sometimes show an inflection point at high h

In clause 8, diffdrent procedures may be used to take into account different combinations of moisture hj

the raw and propessed.material that may occur in practice. This is relatively more important in the mo
materials coated| on"polyester photographic film base. Figure B.2 illustrates the variation in dimensional

vhen its
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that can be caused-by previous moisture history, even when the film is returned to the same relative hut

nidity at

the time of printing as existed at the time of camera exposure.
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Figure B.1 — Dimensional hysteresis curve for a typical film (gelatin emulsion and backing) coated on

cellulose ester base
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Figure B.2 — Dimensional hysteresis curves for a typical film (gelatin emulsion and backing) coated on
polyester base
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