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ABSTRACT

An investigation into the «rfects .7 clonieal chonsos

made in a processing system and dryin; Loanperatupe Tt Pt

to dimenslonal displacements of a finael inmage was 2auwcyicd onh UBLNG
»

Eastman Kodak's # 8430 aerial duplice ing film. Iwmage distl: - wnts

over both long and short distances weie meaaurcd;

Over approximately 162 mm., drying at a tcorperatiue 2oual to
that of processing, 70°F, resultcd in no clgniticrnt spoting @ lace-
ment of the f{inal image, while drying at higher temperatuwres prodi.c-d
correspondingly larger displaccments. /[ pH system between batho
similar to that found in a conventional process resulted in dimenslonal
displacements, over the short distance or approximately 90 microns, less
_that processing systems employing gradually increasing or equal pH's .
throughout the baths. The salt concentrations investigated produced

no significant effect on dimensional displacements.



An Investiealion Jui Thy 100
PH, Ionic Strength, And Diy:r - oaoeset o
On The Dimensional 3tubilit, OFf A Fine

Grain Printing Bmal s oun

Previou: investigationa of dimencionnd Cloploce ot
the photographic image have be:on more councerned with  applag Lo
actual displacements under a given set of Froceesing, auing and/or
atmospheric conditions. Conceivably‘previous workefs had hoped. Lo
map the distortions to be expected so tliat the eifects dus to Uli:zze
factors could be removed from dats obtnined from filas ..« platro.
It was the intention of the authors Lo investigate the el lTucts of
quantitative changes of the procecs on the dimensional dloplacencnts
of a photographic lmage. Displacements of the photographic imzse
appear to be due primarily to the expansion and contraction of the °
\éelatin and the support.

To investigate the effectis of,guch changes three factors were
chosen that have a direct bearing on swelling of gelatin and on
expansion and contraction of the base. The three factors investigated
were:

i. Changes in pH between processing solutions.

2. Changes in salt concentration‘betﬁpen processing solutions.

'
.

3. Drying temperature. | . Ao



Chan~2s in pﬂ—~-l Ar fion is Pt e oper i
the gelutin expands. When the film goor ooom this oL
to the acidic stop bath it goes Liare oy & rooior
for the gelatin, the iscelectric moint, amd then swell
reaching the low pH of that solution. Nxxation;ani }mshina AN
change the swelling of the gelatlia depending on thoe hogie:,
pH of the fixing bath. Hence, chunys in fh A i Lhe et
process cause stresses on the iilm ULhirouzh successive ex: i’
and contractions of the gelatin. (Sece Diagrom § 1) ®

Changes in salt concent:m’c.io‘n--»-2 " Bwelling of gelatin is
usually lowered by increasing the salt concentroticn of the sviviion,
A developer, of somewhat high salt concentration, is followed by a

dilute stop bath, which in turn is Tollowed by a fixer of higher salt

)
l

concentration than that of thc developer. PTap water used Jor weashing
has no salts of any consequence. Therefore, as with pH changes within
a given system, the salt concentration changes between solutiohs in
the photographic process cause successive expansions and coriractions
'of the gelatin. These may be contributing factors to the dimensional
displacements of a photographic image. (See Diagram #2)

Drying temperature---3 An increase in temperature generally
causes film to expand. But, if the increase in temperature is not
accompanied by an increase in absolute humidity, the relative humidity
will decrease. The film will contract with a corresponding decrease
in relative humidity (RH). During the drying process the film is
subjected to both high temperatures and ligh RH at the beginning of
drying, causing expansion. As drying continues and the film dries the-

RH decreases causing the film to contract. The drying process imparts



both reversible and irreversibie chaﬁQO% o i i -

The Revcrsible, or temporary, chan@és oo dﬁ& (PR

of the film according to the temperéﬁure cne%éiciént.wgila RIS
irreversible changes are due tc theléhrinkagc csuaéd bj Jos
solvents from the film base. He:. agaln thecn wro opponiar o

within the film that could lead 1o dimencional din..

final image.

Printing System .
The film samples were printced with ultira violet rodiation,

3400-3800 X, in contact with a master glass platz, The master was

a spectroscopic plate with an image of fine rul-d lings (similar to
graph paper). The lines were transparent, approximztely O.l mm wi&é,
on a dense background and formed squares four milimeters on a side.
The master glass plate was 94 X 1 inches. I'lve 1inches of the center
was transparent. In this transparent areo the step tablet was placed.
(See Fig. l) The master and step tablet were placed in the platen of a
“Pittman Model B Control Sensitometgf.(xenon flash)9 The sensiicmeter
was modified to print the step tablet by light and the reseau grid
pattern by ultra violet radiation, as isolated by using the Wratten
18A filter. The ultra violet was used.to‘print the grid invorde? to
Pprint as sharp a line as possible with this printing system. The h
light exposed step tablet was used to check sensitometric control of-:'
the pr0ceés. Exposures were made in pontact\under'a pressure of

three pounds on the platen.



Processing Conditions

PH Systems --- Two systeus of mooiu~siy oL .
between baths and on of no chwures in ;) 1 resy botis
to a system of pH changes belweer batihs s:milar to thot .

process, wnere the changes arc vo.y lzrge. (Do

- —

Groujunl. L TN
Solution Increase lignal gL ¥ Decor oo
Developer 4.00 7,00 8.1 . 10.00
Stop Bath 5.00 7,00 2.02 $.00
Fixer 6.00 7.00 3.60 8.00
Wash 7.Q0 7.00 7.QO T2

Table 1
PH systems investigated
*Normol pH values obtained from nenpuremcnts of [reshly prepared

solutions of Kodek's formulas: D-70, SB-l, & F-5.

Salt Concentrations Systems ==~ Salt concentrations were
expressed as lonic strength in order to take into account the effects
of the charges on the lons. The relationship used for the estimate of
ionic strength was:

I=1/2 P (mi.zf-f)
where I represents ionic strength and m 1s the concentration, expresse

as molality, of each ion with a charge of zy. (See appendix for sample

calculations) Since the film must start at a high ionic strength, I,



in the develope{ and go to the wish of I 7 .

strengths must nccessarily start at ﬁ ; N

Three systcms of ionic strengths v re fciwiinbod ool

fourth system representing the normnl or cunveption:l
formulated systems consisted o tw) rates of gracusl ¢ -
between baths and a third system of ic:nic strenslhs eguel to
the developer for all baths except foi in: wash which v zern.,

table 2 for values) (Diagram ; 2)

. -

Normal* 1/2,1/b BV R
Solution Changes Decreases  Decreases = Equal
Developer 2.26 2,267 2,20 - 2.2613
Stop Bath 0.2k 1.12 1.69 - 2.26
Fixer 3.51 0.56 0.86 \ 2.2
Wash 0.0 0.0 0.0 0.0
Table 2

Ionic strength systems investigated
*Normal ionic strength values calculated from Kodak's formulas:

D-76, SB-1, & F-5.

Drying Temperature --- The temperature equal to that of

processing and two higher temperatures were compared.

Tenmperature °p 70 ~ 100 130

Time 6~ 5ugh 28 - 18%
in
min. 15 k5% 2% 12%

Table #3 . % RH at various drying times and
temperatures - .



fo3Y

Film Hand . ing

Bastman Kodak's 8430 cciial du.l ~abing, 70 .
tri-acetate base film was used in the irvestlg.iion.
removed from the spool and pre-conditionsd to 30 °
twenty-four hours prior to exposurg: AL of the £il.
experiment was exposed at 47 2 V) RH a. o L 1°C asu. ‘.
previously described alt 20 second :eycle tiaza,

Processing solutions, includﬁng tﬁﬁ;vash anid wa Ling agert,
were held at 21> 1°C. The relative hen ity of the luboraiory during ”
processing was 53 £ 3% RH., The exposed strips vere placed on a precess
rack to enable three different treatment combinations to be run at once?
Each strip was processed in a freshly prepared 1iter oP developer, stop bath,

N
and fixer. The samples remained on the rack for proceééing and wasaing.
After washing, the samples were bathed in a 25 wetting agent before being
squeeged. The squeeging process was done using a roller driven film
squeege machine employing two viscose sponges inclined 300 to the filmé
Each film sample was dried horizontally in the center of a shclf of the
Pitgman & Parsonage Control Strip Dryer? The dryer had capabilitiles of

21/2 C temperature control within the ranges used.

Processing Solutions

Developer =--- A ferrous ethylencdiaminetetraacetic acid (FeaEDTA)
) 8
developer similar to that formulated by James was chosen because of its

low pH dependency with respect to its activity. At the concentration



use:l the developer produced approxizabels .ofva 2

churicteristics at pll valuns bei een 4,00 5nd 30.00.%

developer activity is primaril,; pH  dependent, thae Jo -

is not. As pH inecrenses the K increasas ihus increaziy; o

ionic strength of the developo:r.d Sodiws sulfale wor wao

a constant ionic strength of 2.2 wilh ¢honves in dovri oo . ge
appendix for sample calculations) Since podiva ions were wr st 1ron
the chelating salt Na)EDTA and sculfuve ions Qare prescnl from the FuSUu;

: .
the use of Nagsou to balance ionic strencth addsd no uew conutituenty Lo T
the developer. The pH of the developer wos wdjusted to the desied velues
using glacial acctic acid. (See Table 4t for formuistion at varicus il

values)

i

Stop Bath --=  Since the doveloner is pH indercndent with respect
to activity the use of an acid stop as in the conventional processz could
not be done. The technique of a bromide stop bath as used in processing
nuclear emilsions was used%'O A bromide bath of 23 1/2 g/l KB r stopped
development as well as a conventional stop bath when using the Kodak
formule D-70 developcr].'l The pH of the stop baths were mointalned with
low ionic strength buffers}aAgain sodium sulfate was used to adjust the

total ionic strength of the solution as required.

Fixer --- A fixer that functioned in both acidic and basic
states with unusually low ionic strength was formulated using ammonium

. 1
thiosulfate as the silver halide solvent.3 Sodium formaldehyde bisulfite

% See Figure fflt
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in low concentrations provided the necessoyy fommativ o
pil's above ond below 7.00. The total ionis sirengnh o
adjusted ns required using sodivn rullute, Fome fomiie o T

similar to tihose used in the stop Lath weee neod Lo i

Yicthod of licasurement.,

The glass master and Tila anmples were storad at BOIGE al
o .
1512 °C for eight days prior to troncpurioiion to Dats Goiporation [or

measurement. Long distance measuvaiients were wade on the Muin-Data
Micro-Analyzer* which was used as a micro-comparutor%mfhe #hitficld

room, in which the microcomparator was locoied, was held at 5031 Ki

and. 23.93.500 for the three days of measurcment. The instrument -ras
calibrated with a glass step tablet (for measurement of the glass master)A
and vith a film step tablet (for measurcment of film samples) to account
for the different bases of the specimens. Tocusing of the instrument

was done electronically using the maxium filuctuations of the recording
voll meter. This was the best estimate of a sharp focus for the
granularity would be at its greatest value.

The oampleé were placed on the scanning stage and aligned with
the X axis of the stage using the edge of the film., Further alignment
with the X axis was accomplished by pivoting the stage in the Y
direction until the line being measuréd was perpendicular to the X axis.
In order to start at the same position on the line the sample was
moved in the Y direction a constant distance (.771 mm) down from the
horizontal line that is common to both sides of the master. The stage

ann

*See Figure #10



9.

was moved mnauzlly in the X ddroztic: w.lil the drnr

of the vértica.l line was 1.0 ao iniiecated by the yec i o . SE
A second measurement was madc on Lhr same line L.0H9 o o

prdvious measuring point., The scres jogitione ior t}ierm’ o

recorded. Corresponding measurments wers modc Qnﬁ Sttt

line at thc other end of the film suaple. In all caves i @»u;;ﬁnn,,
were made on thc same side of the vortical lines of all the DI
(See fig. 2) Making measurements fodm the corresyondiﬁéJSidés?p: e
lines reduced the error duec line width expansioh and/ux?combrudtiéns.

Exact alingment of the sangles with the direction of méasuremcnt
was impossible. Therefore, not only would the distance befw&un(thu ‘two
lineé be incorrect due to the slight angle of the scan butb the;éhanée ot
measuring to imperfections on the line was increascd. In ouder to
compensate for the slight angle of scanning the seconﬁ line vz measured
as was the first. The distance in the Y direction that the stage had to
be moved to bring the measuring point the same distance below the
horizontal reference line (0.771 and 2.313 mm) as for the first line was
recorded. The displacement in the ¥ direction was an cstimate of non-
alignment and rotation in the sample. (See fig. 3)

Screw position data and displacemént in the Y direction due to
non-alignment were punched on cards and by the use of the IIM 10620
computer, the actual distances were calculated.15 The primary mechanism
of the program was the use of the Pythagorean Theorem. The actual
distance was the hypotenuse of a right triasngle in which one leg was

the displacement due to rotation and the other leg was the distance

measured. :f{fu




" -

Line widths were moasmsed Lui
Microdensitometer. DBecause the Lirs wio o
O.1 mm therc wns no problem of cdge wiignrayy.. ‘e oo
were measured al a density of 0.8. The iiac joaltion i
was located at o constant distance dovmn Lrom the Lo
with the long meosurements. (This distance WOE L oL

0.771 mm and was visually placed) OSimllar to the Lo, o ot cs

the screw was turned manually woving. L sample wlong unbil e
recording vt wmoter indicated o dghﬁihg 0.8, Whn wras zbuion was
recorded and the stiage backed orf. Th: -« w. il

forward after taking up any slock in the screw i cadn

recorder indicated that the other cide of the line hid been veasno.
The stage was moved until the recorder came down to a density & c.8;
then the‘®screw position was recorded. Duplicate readings were made on
line widths.

The glass master was measured on both instruments. Using the
micro-compa?ator the distance belween the two lines chosen was measured
K(loﬁé méasurements) at an edge d-nsity of 1.0. The Ansco Microdensitometer
was used to measure the line width using the 18A filter over the photocell.
Focusing was done. with maximum fluctuations of the recording volt‘meter. |
Several traces were made using different degrees of knife edge focus
to find the best estimate of the original line width. Thus, the line

was measured in a simllar manner as this line printed the samples, both

with the same UV radiation and both with diffuse illumination on the master.

Vo



Sensitometric Adjustments Of Lirs et

The processing systems wer: not exnctliy equiv L
sensitomctric characteristics tnnt thay produred. iny &1
that would be found in the line width win one ¢f the

constituonts were altered could br canged from it

l. +the chemical chaonge.  «io fr w0
2. the slight sensiconetric differences thath
a result of these ciuanical wmodiile ufians.-

‘An analysis of the line width meeasvremenia indicated tRot,
alpha risk of 0.001, there was a significant difference in 11 wi {hs
due to the pH systems used. Iirwever, associnted with each of these Pl
systems there was a slight sensitometric differcnce (Sec fig. L).

The sensitometric difference could have caused a larger line
width to occur than if the pH clone was changed (with no accompanying
sensitometric shift). There may have been no line width change at all.
The solution to this problem lies in an ~nnlysis of the components that
contributed to the line width difference and then factoring out that
Which can be attributed to the sensitometry. 4 |

All of the samples were measured at a constant density of 0.8.
Since the shape of the characteristic curve is diffgrent for each sample,ﬂi
each of these 0.8 densities was ﬁ;inted by a different Log E. (See fig. 5)
Because the edges of the line on the master had some ginite slope, the
edges acted as a continuous wedge modulating the exposure to the edge
of‘the sample. The Log E produced from the ;dges of the master's line
was slso finite. The Log E difference required to produce a constant

density on the samples with different characteristic curve shapes is



equal to the density differcnce of & - .- 0

Thereforc, the line width of one samplc wan rovih nzeo.. -

the same distance on the master as another samplz. (e, @ ofo.

The solution to the problem, tiw:n, 1s to go to tha original gens g un iy
associated with each sample and find what the dis;anceawua on L
that printed each sample. Subtrceting tﬁé smpiaw dloeroce frem o

distance that printed that particuler sumple wouid;hhcn iy tha>dcviation

in line width due only to the pH (lione.. o mads, havins élimLhztcd the effects

»

. ‘I'-
due to sensitometry entirely.™”

R 2 OO0 T A T S g A e e T P P X
with 2 ©3.97 gorfidenco troire o . T DIETE LI L LLET oo
)
S T Py mem T wTe Fae o e amiq et e 1 g aeweny b g o e PSR- S T o - .(»l
in lime vidnl iz oto ouhe drmoins neccerabnres used, s Just ss wit. thr

PH systems used, there was a significant difference in speed and slope
with respect to the different drying temperatures. Here again, there

is the problem of which caused the change in linc width:

1. +the different drying temperatures, or

2. the different density levels caused by the
changing of drying temperature.

When the- corrections were made for the sensitometric differences from
the pH systems, the corrections for sensitometric differences due to
the drying temperatures was also done. It would be impossible to
factor out just the effects of pH gipca each sample had some drying

temperature. Fig. 8 indicates the relation of drying temperature to

line width before (with falsified distances due to sensitometric

1.

differgnces)}‘and after with the sensitomeiric differences with each

temperature factored out. ‘ B - fET



HesulLts
Treatments

Drying
Temperature
70°F
100°F

o
130 F

pH Systems

Normnal
Decraase
Equal

Increase

gg?iﬁgths
Nermal
1/2,1/k

3/k,3/8

Equal

Confidense
Limits

IhoBlP/"’

Revintiong ivom
the mestor ovar

162 mm.

0.1 mm

in micirong

~ Oa'f
""270 9
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- 9.9
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«l3.5
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e e i Ra e &
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N
»
gl -
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ot
®
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 J
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ko7
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2.02,‘

2.05 -

1.98"
1.92.
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Discussion of Results

Long measurements, 162 rm --~  Sincce Thoie .
in tempcrature of 3.9°C from the timg'or expoaﬁfé.t@ 3 lnce SRR
film and glass master both expanded:M e ploss mostor et
while the film samples expanded 29 , accurding to Sh=ts - o s
temperature coefficients. 24 was suvtrecto? from . 0. ooonace

measurements for the final averages of the long: measurencnts.

Line widths, 0.l mm «-- Tecrnse of meahnn?oo® o oenl
error in the microdensitometer the measured cdpe of a Line would be
ol a lower slope than that of the :ctual edge. £ error of only o.c
micron would be multiplied by four because ofrthe system belinz vsed to
obtain a final measurement of the differcince in sawple line width wnd
master line width. A factor of two from the two samples being compared,
and a factofﬂof\two because there are two sidés to each sample. (See fig. 9)

Therefore, the values given for the deviation from the naster
over the line widths are incorrect. But, the relation between the

-~

numbers ere the same. In this case, the largest negative number (-5.1)

"

is the 'best' because it is the smallest deviation,
Arithmetic speed ~=- The arithetic speed system was based on
the log exposure required to produce a density that 1s 0.3 above base

DPlus fdg.la This corresponds to a density just into the straight line

of the characteristic curve.

Coa

" Average Gradient ==~ The maximum gradient obtained over a 0.6 log

exposure range as found by the IBM 1620 computer with H.N. Parsonage

L
progrem 7#3. 9



Conclusions

Long measurements, 100 w@h === "L 2 weri
significant differcnce was found over tic long me o
the pH and lonic strength systems invostirnted.
With an alpha risk of 0.0l, ti:re was found - - @ 1ifi =0
difference in the long dimensions with reopoct to &) i - thep roure.
The TO°F temperature produced sn image with dimensions closest L0 the ff &
original dimensions of the master. Th- two ~ther topjerwiursa resulted

in film with dimensions significantly less than thet of the wa.,or.

Line widths, 0.1 mm ---  With a bels risk of 0.0Y, no
significant difference was found in line widths with respect to any of Uhe lonie
strehgth'or drying temperatures used. Although there was a sienificant

difference in line width with a change in the drying témperaturc, it was

that resulted from those temperature differences. With no sensitometric

_differences, there would be no significant difference in line width at any

of the temperatures tested.
With an alpha of 0.05, there was found a significant difference
in 1line width with respect to the pH systems used., The Normal and

Gradually decreasing pH systems produced lines significantly smaller

-
e
r W

than the other two systems.
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Figure # 2
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The long distances on the samples were measured
from the right side of line A to the right side of
line B. Thus, if the lines expand errors in the long
measurements would be gt a minimum because the sides —
would be expanding in the same direction =-- at the

samgc time.
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Sample Calculations of Ionic Strength

Ionic Strength represented by the sysmbol I follows
the equations

2
I=1/2 24 Mizi

where Mi represents the concentration in Molality and

pA 4 Tepresents the caarge on the ion.

For I= 1.120

Buffer I = 0.04

KBr - It 1/Mw/ 23,58/1 = 23.5/114.02 = 0.196 M

9

KBr I  0.196 Desired I 1,120 ~
Buffer _0:040_ o m—ed28
Required I = 0.884
Std I = 0.236
Nd ” SOy )
0.884 = 1/ (2:X1 ) 4 (1:X-2) )
= 1/» (61}
= 3X TR
X = 0,205M ° 142.05 = 42 grams NaySO,-' .
Mw of AR
- NapS0,

Hence the addiion of 42 grams of socdium sulfate to the
standard amouit of bromidea and buffer should give the
desired ionis strength.



Sample Calculation of Ionization of ELETDA Ion

-

pH Degree pK The approximat: degroes of

4.0 2.5 lonization of the EDTA ion

7.0 3.0 are given on the left..

8.68 3.5

10.0 4.0
FeSO, 20 g/l / 152 g/ucle = 0.131 Molar
Na,EDTA 60 g/l / 380.2 g/mole = 0.157 Molar

2
1/2( (205. 00157'12) <+ (1‘0.157"205 )

- =
PH 4 2 2
4+ (1.0 ¢ 0.131 - 2°) + (1.0 - 0.131 = 2<))
= 1/2( 0.39 0.98 0.524 0,52k )
* =25 #- =
Na EDTA Fe S0,

40 ml. of HeC,H30, requived to cbtain pi of 4.0 I = 0.680

1.209 4+ 0.680 = 1.889 Desired I = 2.257
bad 10889

0.368

0.368 / 3.0% = 0.123

80, to be added

0.123 X 148 g/mole = 27.5 grams of Na, h

b
See sample calculations of lonic strength for details.
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Since the samples vere exposed with ultra violst
radiation and the step tablet was exposed by light a
relation between these two methods had to be determined.
The transfer function, in quadrant # 2 was used to
determine effective log UV that the samples recieved,
using the whitel light control strip from each sample.
From this effective exposure differences, the different.

‘distances on the master were calculated for each sample.
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R rariables of different and indirectly related units the

Figure # 8
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In order to have a direct comparison between response

ibove graph was prepared. Each of the response variables,

speed, and dimensional differences, are pqubted with their
averages normalized to X. The scales of each of these
variables are plotted with the standard deviations for
each at unit length. Therefore any changes in the value
of unrelated variables can be compared tfrough changes of

eachs relative change from the one standard deviation.
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