DIMENS IONAL CHANGES IN AERIAL PHOTOGRAPHIC FILMS AND PAPERS
By RAYMOND DAVIS anp EMORY J. STOVALL
BUREAU OF STANDARDS

RESULTS OF A STUDY OF DIMENSIONAL CHANGES IN AERO MAPPING PHOTOGRAPHIC
FILM AND PAPERS UNDER CONTROLLED CONDITIONS ARE PRESENTED, DBOTH FILMS AND
PAPERS ARE SUBJECT TO A SHRINKAGE FROM PROCESSINGs [HESE MATER!ALS ARE HYGRO~-
SCOPIC, CONSEQUENTLY THEIR DIMENSIONS CHANGE WITH THE MOISTURE CONTENT OF THE
AIR, IMENS | ONAL CHANGES FROM BOTH PROCESSING AND MOISTURE CONTENT ARE LEAST
IN THE MACHINE DIRECTION; THAT IS, ALONG THE ROLL, FILMS CONTINUE TO SHRINK
WITH TIME, BECAUSE OF A LOSS OF SOLVENTS AND PLASTICIZER. IHIS SHRINKAGE I8
ILLUSTRATED BY ACCELERATED AGING TESTS AT |20°F COVERING A PERIOD OF 32 DAYS.
TWO NEW INSTRUMENTS FOR MEASURING FILM SHRINKAGE WHICH WERE DEVELOPED FOR THIS
WORK ARE DESCRIBED, A REDUCTION OF DIFFERENTIAL SHRINKAGE IN THE FINAL PRINT
OR DUPLICATE NEGATIVE CAN BE HAD BY CROSSING THE MACHINE DIRECTIONS OF THE
NEGATIVE AND PRINTING MATERIAL DURING EXPOSURE,

INTRODUCT ! ON

PHOTOGRAPHIC FI1LMS AND PAPERS ARE NOT STABLE WITH REGARD TO THEIR DIMEN-
SIONAL CHARACTERISTICS, IT IS WELL KNOWN THAT THESE MATERIALS NOT ONLY CHANGE
THEIR DIMENSIONS WITH A CHANGE IN MOISTURE CONTENT WHICH TENDS TO FOLLOW SIM=
ILAR CHANGES IN THE ATMOSPHERE, BUT ARE SUBJECT TO SHRINKAGE CAUSED BY THE
PROCESS OF DEVELOPING, FIXING, AND WASHING, FOR AERIAL SURVEYING USE, THE
DIMENSIONAL CHANGE IS NOT SERIOUS |IF UNIFORM IN ALL DIRECTIONS AND TS MAG=
NITUDE_KNOWN, AS A CHANGE OF SCALE IS ALL THAT WOULD BE NEEDED FOR CORRECT=-
I ON o HE ACTUAL CASE |S COMPLICATED BY THE FACT THAT BOTH PAPERS AND FILMS
SHRINK MORE IN ONE DIRECTION THAN IN THE OTHER, BDBOTH PAPER AND GELLULOID ARE
MANUFACTURED BY CONTINUOUS PROCESS, THE PRODUCT BEING IN THE FORM OF A LONG
RIBBON, THE GREATEST SHRINKAGE IS ALWAYS IN THE CROSSWISE DIRECTION,

WHILE THESE FACTS HAVE BEEN KNOWN FOR A LONG TIME, ONLY MEAGER AND I[N~
COMPLETE DATA ON THE MAGNITUDE OF THE EFFECTS OF MOISTURE AND PROCESSING UN=-
DER CONTROLLED CONDITIONS HAVE BEEN AVAILABLE, DURING THE LAST FEW YEARS,
AERI AL SURVEYING HAS BEEN UNDERTAKEN ON A LARGE SCALE AND THE NEED FOR INFOR=
MATION ON THE DIMENSIONAL CHANGES IN FILMS AND PAPERS HAS BECOME ACUTE, AND
FOR WORK WHERE HIGH ACCURACY |S DESIRED CONSIDERABLE DIFFICULTY HAS BEEN EN=-
COUNTERED IN OBTAINING THESE MATERIALS WITH SATISFACTORY SHRINKAGE CHARACTER=-
ISTICSs [HE BETTER AERIAL CAMERAS ARE FITTED WITH LENSES WHICH HAVE BEEN SE=-
LECTED WITH A MINIMUM OF DISTORTIONs THE MAGNITUDE OF DISTORTION FOR THESE
LENSES IS OF THE ORDER OF 0,0l MM AT THE EDGE OF A 22.9 x 22.9 cm (9" x 9")
PLATE, THIS VALUE AMOUNTS To 0,0%35%, IN FILMS THE DISTORTION IS MEASURED
BY THE DIFFERENCE IN SHRINKAGE EXPRESSED INPERCENT IN THE TWO DIRECTIONS AND
1S CALLED "DIFFERENTIAL SHRINKAGE," THE DIFFERENTIAL SHRINKAGE IN FILMS
SHOULD NOT EXCEED THE DISTORTION OF THE LENSES, THAT IS, 0.035%.

MATERIALS

THE AMERICAN SOCIETY OF PHOTOGRAMMETRY THROUGH ITs PRESIDENT, COLONEL
He He BLEE, UNDERTOOK THE TASK OF SECURING F(LM AND PAPER SAMPLES FROM PHOTO-
GRAPHIC MANUFACTURERS, GOVERNMENTAL AGENCIES AND PRIVATELY OPERATED AERIAL
SURVEYING SERVICES, IHE FILM AND PAPER SAMPLES TESTED ARE REPRESENTATIVE OF
THOSE IN CURRENT USE FOR AERIAL MAPPING WITH THE EXCEPTION OF TWO SAMPLES OF
CUT FILM, ONE OF WHICH WAS EXPERIMENTAL, FROM TWO TO EIGHT SAMPLES OF EACH
BRAND OF FILM WERE TESTED, EACH SAMPLE BEING FROM A DIFFERENT LOT OF THE SAME
TRADE NAME, [HE DIFFERENT SAMPLES OF THE SAME BRAND ARE GROUPED TOGETHER I[N
THE TABLES, FROM THESE GROUPS AN IDEA CAN BE HAD OF THE UNIFORMITY OF THE
PRODUCT, |IN ALL, 2l SEPARATE LOTS OF FILM WERE TESTED AND WITH THE EXCEPTION
OF TWO SAMPLES ALL WERE ON A NITRATE BASE,

MosT OF THE PAPERS SUBMITTED WERE REGULAR PHOTOGRAPHIC PAPERS. [N ALL
THERE WERE 57 [ITEMS OF WHIGH ONLY EIGHT WERE MARKED SPECIAL LOW SHRINK OR
AERO MAPPING PAPERS,

ApPARATUS AND MeTHODS oF MEASURING SHRINKAGE
APF’ARATUS SUITABLE FOR MEASURING FILM SHRINKAGE MAY BE OF TWO GENERAL
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Figure 1
Pin gage, with strip of film in place
for measurement

Figure 2
Pin gage removed from its case
- Fixed pin I - Dial gage
- Movable pin G - Anchor block for H
- Face plate H = Duraluminum rod for

- suspension bridge temperature compen-—
Flexure plate sation

Figure 3
Punch used for making reference holes in films,ei-

.

ther 5 inches or 8 inches apart
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TYPES, EITHER OPTICAL OR MECHANICAL, JTHE OPTICAL DEVICES GENERALLY USED CON=-
SIST OF EITHER AMICROMETER MICROSCOPE"ACTUATED BY A CALIBRATED SCREW SUCH AS
FOR MEASURING LINE SPECTRUM NEGATIVES, OR THE COMPARATOR TYPE OF INSTRUMENT
WITH WHICH A LENGTH STANDARD IS COMPARED BY TWO MICROMETER MICROSCOPES WITH
REFERENCE MARKS ON THE FILM, :

THE USE OF DEVICES EMPLOYING MICROSCOPES IS BOTH SLOW AND LABORIOUS, AN
IMPORTANT DRAWBACK IN A LARGE NUMBER OF MEASUREMENTS. RAPID AND CONVENIENT
MEANS OF MEASURING FILM SHRINKAGE NOT BEING AVAILABLE, TWO DIFFERENT INSTRU~-
MENTS WERE DESIGNED AND CONSTRUCTED FOR THIS WORK, ONE A MECHANICAL GAGE OR
EXTENSOMETER FOR FILMS WHICH IS BOTH RAPID AND ACCURATE, AND THE OTHER AN
OPTICAL EXTENSOMETER SUITABLE FOR BOTH PAPER AND FILMS,

THE USE OF THIS MECHANICAL EXTENSOMETER, REFERRED TO THROUGHOUT THIS RE-
PORT AS "PIN GAGE™, DOES NOT NECESSITATE THE USE OF A DARKROOM SINCE NO DE-
VELOPED IMAGE |S USED IN THE MEASUREMENTS,

THE PROCEDURE WITH THE PIN GAGE IS AS FOLLOWS: STRIPS TWO [INCHES WIDE
AND |0 INCHES LONG ARE CUT FROM THE FILM FOR LENGTHWISE SAMPLESe. CROSSWISE
SAMPLES ARE CUT THE SAME WIDTH BUT ARE 9-1/2 INCHES LONG, THIS LATTER BEING
THE FULL WIDTH OF 2l~CENTIMETER AERIAL FILM., THE DIFFERENCE IN LENGTH SERVES
TO DISTINGUISH THE LENGTHWISE SAMPLES FROM THE CROSSWISE, HOWEVER, EACH IN-
DIVIDUAL TEST STRIP IS ALSO GIVEN AN IDENTIFYING NUMBER, AFTER CUTTING, WHICH
IS DONE IN A LIGHTED ROOM, THE FILM SAMPLES ARE NUMBERED AND HUNG UP WITH
WOODEN PHOTO CLIPS IN THE CONDITIONING ROOM FOR THE PRESCRIBED TIME. AT THE
EXPIRATION OF THE CONDITIONING PERIOD THE FILMS ARE PUNCHED WITH TWO PAIRS
oF HOLES I|/lf INCH IN DIAMETER AND EIGHT INCHES APART AS ILLUSTRATED IN FIG=
URE |, OR FIVE INCHES APART FOR USE WITH A 5-INCH GAGE IN THE CASE OF NARROW
FILM,

THE PUNCHED FILM IS MEASURED ON THE PIN GAGE AND THE READINGS RECORDED,
THE SAMPLES ARE THEN DEVELOPED, FIXED, W ASHED AND DRIED, AND RETURNED TO THE
CONDITIONING ROOM, AFTER RECONDITIONING FOR THE PRESCRIBED TIME, THEY ARE
AGAIN MEASURED .WITH THE PIN GAGE, IHE DIFFERENCE BETWEEN THE PIN GAGE READ-
INGS BEFORE AND AFTER DEVELOPING GIVES THE DIMENSIONAL CHANGE DUE TO PROCESS~-
ING .,

THE 8-INCH PIN GAGE, REMOVED FROM ITS CASE, IS ILLUSTRATED IN FIGURE 2.
IN THIs, A AND B ARE sSTEEL PINS |/lL INCH IN DIAMETER WITH ROUNDED ENDS. PIN
A Is FIXED TO THE HEAVY STEEL FACE PLATE C AT ADISTANCE OF 7-3/l4 INCHES FROM
PIN B, OUTSIDE MEASURE BEING EIGHT INCHES, PIN B PASSES THROUGH A SLOT I[N
THE FACE PLATE AND IS FASTENED TO A SUSPENSION BRIDGE D IMMEDIATELY BELOW,
THE BRIDGE SUPPORTING THIS MOVABLE PIN B IS SUSPENDED FROM THE UNDERSIDE OF
THE FACE PLATE BY TWO SPRING STEEL FLEXURE PLATEs E anp E', 0,005 iNcHES
THICK, ONE AT EACH END, WHIGH PERMITS THE BRIDGE SUPPORTING THE MOVABLE PIN
TO MOVE TOWARD AND AWAY FROM THE FIXED PIN, A TOTAL DISTANCE OF APPROXIMATE=-
Ly 1/10 INCH. A DIAL GAGE F FASTENED TO THE UNDERSIDE OF THE FACE PLATE IS
CONNECTED TO THE SUSPENSION BRIDGE AT THE POINT G BY AMETAL ROD He THE FACE
PLATE AND BRIDGE 1S MADE OF STEEL AND THE ROD H 1S DURALUMINUM OF SUCH A
LENGTH THAT IT COMPENSATES FOR CHANGES OF TEMPERATURE. FOR THE WORK REPORTED
HERE, TEMPERATURE COMPENSATION WAS UNNECESSARY; BUT THE CORRECTION WAS SO
SIMPLE TO MAKE THAT THIS FEATURE WAS INCORPORATED IN THE DESIGN, A colL
SPRING (NOT SHOWN IN FIGURE 2) FASTENED TO THE FACE PLATE AND SUSPENSION
BRIDGE MAINTAINS TENSION OF ABOUT 75 GRAMS ON THE SAMPLE PLACED OVER THE PINS.,
THE HOLES IN THE FILM WERE MADE WITH A PUNCH (FIGURE3) DESIGNED FOR THE PUR-
POSE, THE LEVER BAR AND PUNCH PIN WERE FROM A HUMMER PAPER PUNCH. HE PUNCH
WAS MACHINED TO SPECIFIED DIMENSIONS, AND HARDENED STEEL DIES MADE TO FIT
WERE IMBEDDED IN THE STEEL BASE PLATE, [HIS PUNCH MAKES CLEAN HOLES FOR El=-
THER 5-INCH OR 8-INCH GAGE LENGTHS. A METAL PLATE (NOT SHOWN) MAY BE USED TO
KEEP THE FILM FLAT DURING THE PUNCHING OPERATION, SINCE THE FILM IS MEASURED
AFTER PUNCHING AND BEFORE PROCESSING, HIGH ACCURACY IN THE SPACING OF THE
HOLES 1S UNNECESSARY; HOWEVER, IF CARE IS TAKEN, EXCELLENT REPRODUCIBILITY
CAN BE OBTAINED,

OrRDINARILY 30 TEST STRIPS WERE CUT FROM EACH ROLL OF AERO FILM TESTED,
[5 cuT crRosswiSE AND |5 LENGTHWISE, ONE GROUP OF STRIPS, FIVE IN EACH DIR=
ECTION, WAS LEFT UNPROCESSED IN THE CONDITIONING ROOM AS A CONTROL. THE PRO=
CESSED SAMPLES WERE FIRST CONDITIONED AS MENTIONED, DEVELOPED I'N TRAYS FOR 3
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Figure 4
The optical gage

Figures 5 and 6
Patterns observed in the eyepiece of the optical gage
(A is imaged by the fixed objective, B by the movable one)
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: Figure 7
Portion of a print from a negative or the ruled glass grid
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MINUTES IN, A METOL~-HYDROQUINONE DEVELOPER, RINSED IN A DILUTE ACETIC ACID
SHORT STOP BATH, FIXED |2 To |5 MINUTES IN AN ACID HARDENING FIXING BATH,
WASHED 30 MINUTES TO AN HOUR IN RUNNING WATER, AND HUNG UP TO DRY I[N THE UN=-
CONTROLLED ATMOSPHERE OF THE LABORATORY. WHEN DRY THEY WERE RETURNED TO THE
CONDITIONING ROOM, CONDITIONED FOR THE PRESCRIBED TIME AND REMEASURED ALONG
WITH THE CONTROL STRIPS, TO DETERMINE THE SHRINKAGE DUE TO PROCESSING. A THIRD
GROUP OF FILM STRIPS, ©UT, PUNCHED, PROCESSED AND MEASURED AS BEFORE WERE
PLACED IN A PAPER ENVELOPE (TO PREVENT EXCESSIVE CURLING) IN AN OVEN MAIN=-
TAINED AT [20°F (h9°C), USUALLY FOR SEVEN DAYS, THEN TAKEN BACK INTO THE CON=
DITIONING ROOM, RECONDITIONED AND MEASURED, ~

EXCELLENT RESULTS ON FILM WERE OBTAINED WITH THE PIN GAGE, BUT WITH
PHOTOGRAPHIC PAPERS THI'S PROCEDURE WAS NOT SATISFACTORY, PAPER IS NOT SUFF|C~
IENTLY FLEXIBLE NOR DOES |T HAVE THE MECHANICAL STRENGTH OR WEAR RESISTANCE
TO GIVE GOOD REPRODUCIBILITY, USING THE MECHANICAL PRINCIPLES OF THE PIN GAGE
AN OPTICAL EXTENSOMETER WAS DESIGNED FOR MEASURING PAPER SHRINKAGE. THis
INSTRUMENT IS SHOWN IN FIGURE i, - THE BOX CONTAINS A MECHANISM SIMILAR TO THE
PIN GAGE EXCEPT THAT THE TWO PINS ARE REPLACED WITH Two 32 MM Micro-TESSsAR
OBJECTIVES, ONE MOVABLE AND THE OTHER FIXED. IHESE LENSES ARE IN EIXED FOCUS
ON THE UPPER SURFACE OF THE PLATE GLASS TOP OF THE INSTRUMENT, HE GLASS IS
PAINTED BLACK ON THE UNDERSIDE EXCEPT FOR TWO RECTANGULAR PATCHES IMMEDIATE-
LY ABOVE. THE OBJECTIVES, BY MEANS OF PRISMS THE BEAMS FROM THE LENSES ARE
BROUGHT TO A FOCUS ON A LUMMER BRODHUN PHOTOMETRIC CUBE WHICH BRINGS THE SEP=-
ARATE IMAGES INTO JUXTAPOSITION, A BRASS TUBE FITTED WITH A LENS AND HARD
RUBBER CAP WITH A SMALL HOLE, CONSTITUTES THE EYEPIECE OF THE INSTRUMENT,
THIS IS FOCUSSED ON THE PHOTOMETRIC CUBE, ON THE END OF THE BOX TO THE RIGHT
A MICROMETER IS FITTED TO MOVE AND MEASURE THE LENS DISPLACEMENT AND ON THE
OTHER END OF THE BOX IS A DIAL GAGE, WHICH ALSO INDICATES THE POSITION OF THE
LENS. EITHER MICROMETER OR DIAL GAGE MAY BE READ; HOWEVER, THD DIAL GAGE,
WHILE SLIGHTLY LESS ACCURATE THAN THE MICROMETER (S PREFERABLE BECAUSE OF
EASE OF READING, THE GAGE LENGTH OF THIS INSTRUMEN1T (DISTANCE BETWEEN LENSES)
1S 81X INCHES, To ILLUSTRATE THE OPERATION OF THE [INSTRUMENT: |F A PRINT
ON PAPER OR FILM HAVING A PAIR OF PARALLEL LINES SPACED SIX INCHES APART BE
PLACED FACE DOWN ON THE GLASS TOP OF THE I.NSTRUMENT SO THAT THE LINES ARE IN
THE FIELD OF VIEW OF THE LENSES ONE MIGHT SEE IN THE EYEPIECE A PATTERN SUCH
AS IS SHOWN IN FIGURE 5, IN THIS FIGURE, LINE A IS PRODUCED BY THE FIXED
LENS AND LINE B IS FROM THE MOVABLE LENS, |F THE MICROMETER SCREW |S TURNED
IN THE PROPER DIRECTION LINE B WiLL BE MOVED INTO COINCIDENGE WITH LINE A As
SHOWN IN FIGURE 6o THE MAGNIFICATION HERE IS |0 DIAMETERS. [HE OBVIOUS AD-
VANTAGE OF THIS INSTRUMENT, WHERE BOTH FIELDS ARE SEEN IN A SINGLE EYEPIECE,
OVER THE USUAL COMPARATORS |S THAT A SINGLE SETTING IS SUFFICIENT, ComP AR~
ATORS ORDINARILY REQUIRE SEPARATE SETTINGS ON THE TWO REFERENCE LINES. MaTtcH-
ING ENDS OF LINES AS IN THE PRESENT [INSTRUMENT, SEEMS MORE ACCURATE THAN CEN=-
TERING A LINE BETWEEN TWO PARALLEL HAIRS OR, CENTERING ON CROSS-HAIRS IN TWO
OBSERVING MICROSCOPES FOR A SINGLE MEASUREMENT,

TO DETERMINE THE SHRINKAGE OF PHOTOGRAPHIC PAPER OR FILM WITH THIS OP=-
TICAL GAGE, THE SAMPLE AFTER CONDITIONING IN THE DARK IS EXPOSED IN THE CON-
DITIONING ROOM UNDER A NEGATIVE OF A Max LEVY RULED GLASS GRID CONSISTING OF
FINE LINES SPACED |/2 INCH, AS SHOWN IN FIGURE 7. AFTER DEVELOPING, FIXING,
WASHING, AND DRYING, THE SAMPLE |S RECONDITIONED FOR A PRESCRIBED INTERVAL
OF TIME AND THEN MEASURED, IN THE MEASURING OPERATION, THE FIRST STEP IS TO
MEASURE A SIMILAR REFERENCE PRINT OF THIS GRID MADE ON A PHOTOGRAPHIC PLATE,
IN 81X DIFFERENT POSITIONS, THREE LENGTHWISE AND THREE CROSSWISE, WiTtH THE
FIXED DIMENSIONS OF THE PLATE AS STANDARD THE SEPARATION OF SIX PAIRS OF
POINTS ON THE SAMPLE ARE COMPARED WITH THAT OF THE SAME PAIRS OF POINTS ON
THE GRIDe AFTER MEASUREMENT OF THE PAPER OR THE FILM HAS BEEN COMPLETED THE
STANDARD PLATE IS AGAIN MEASURED TO CHECK THE ZERO OF THE INSTRUMENT,

REPRODUCIBILITY OF THE MEASUREMENTS
To OBTAIN ACCURATE READINGS WITH THE PIN GAGE AND TO AVOID DAMAGE TO THE
FILM CAREFUL HANDLING IS NECESSARY. THE MANNER OF PLACING THE FILM ON THE
POINTS AND REMOVING IT IS IMPORTANT, THE STRIP SHOULD BE GRASPED BY THE ENDS
BETWEEN FINGER AND THUMB, THE EMULSION SIDE UP, HELD UNDER TENSION, AND
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SLIPPED OVER BOTH PINS SIMULTANEOUSLY., IT IS THEN PUSHED DOWN INTO CONTACT
WITH THE TOP PLATE OF THE GAGE, WITH THE THUMB-NAILS PRESSING LIGHTLY ON THE
OUTSIDE OF THE PINS, THE INSTRUMENT IS THEN TAPPED LIGHTLY WITH THE FINGER
OR A PENCIL TO ELIMINATE FRICTION OR STICKING IN THE DIAL GAGE. THE DIAL
GAGE, GRADUATED TO THOUSANDTHS OF AN INCH, WAS READ TO TEN THOUSANDTHS OF AN
INCHe THE STRIP IS REMOVED FROM THE INSTRUMENT BY GRASPING THE ENDS AS BE-
FORE, AND HOLDING IT UNDER TENSION WHILE LIFTING IT OFF THE TWO PINS SIMUL=-
TANEOUSLY. JTHESE OPERATIONS CONSUME ONLY ABouT |0 sEcCoONDs.
THE STRIPS ARE KEPT HANGING UP SEVERAL FEET AWAY FROM THE OBSERVER EX-
CEPT DURING THE ACTUAL OPERATIONS OF MEASUREMENT, SO THAT THE EFFECT OF MOIS~-
TURE FROM THE OBSERVER'S BREATH AND BODY ON THEIR DIMENSIONS WILL BE SMALL,
THE ZERO OF THE PIN GAGE SHOULD BE CHECKED EACH TIME A SERIES OF MEASUREMENTS
IS MADE BY NOTING THE READINGS ON THE DIAL GAGE WHEN THE MOVABLE PIN (S DIS~-
PLACED TO ITS IMPOSED LIMITS, IN THE PRESENT STUDY THESE READINGS NEVER VARY
BY MORE THAN 0,0002 OoF AN INCH, SO NO ZERO CORRECTION WAS EVER FOUND NECESS=-
ARY o
To TEST THE REPRODUCIBILITY OF MEASUREMENTS MADE ON THE PIN GAGE, 10
STRIPS OF FILM, FIVE CUT CROSSWISE AND FIVE LENGTHWISE, WERE CONDITIONED,
PUNCHED WITH TWO PAIRS OF HOLES IN EACH, AND MEASURED, THEY WERE THEN KEPT
IN THE CONDITIONING ROOM (UNPROCESSED) AND REMEASURED SEVEN TIMES DURING A
PERIOD OF EIGHT DAYSe THE DEVIATION OF THE CHANGE IN SPACING FROM THE INIT-
IAL MEASUREMENT FROM THE AVERAGE CHANGE BETWEEN |O PAIRS OF HOLES MEASURED AT
THE SAME TIME WAS RECORDED, THERE WERE 7O SUCH DETERMINATIONS IN EACH DIREC-
TION, THE Re M, S. PROBABLE ERROR OF A SINGLE MEASUREMENT WAS DERIVED AS
0.00018 INCH IN THE CROSSWISE AND 0,00016 IN THE LENGTHWISE DIRECTION., BASED
ON A DISTANCE OF EIGHT INCHES BETWEEN HOLES THESE AR 0,0022 ano 0,0020 pPEeER-
CENT, RESPECTIVELY, BUT LITTLE IF ANY GREATER THAN THE ERROR TO BE EXPECTED
IN ESTIMATING TEN THOUSANDTHS FROM A SCALE GRADUATED TO THOUSANDTHS OF AN
INCH,
THE OPTICAL GAGE WAS USED TO MEASURE THE DIMENSIONAL CHANGE OF BOTH PA=-
PERS AND FILMS, EACH SAMPLE WAS MEASURED BETWEEN SIX PAIRS OF INTERSECTIONS,
THREE CROSSWISE 'AND THREE LENGTHWISE, THE SERIES OF SIX MEASUREMENTS ON A
SINGLE SAMPLE REQUIRING TWO OR THREE MINUTES, THE SAMPLES WERE KEPT HANGING
UP SEVERAL FEET TO ONE SIDE OF THE OBSERVER EXCEPT WHEN BEING MEASURED. As
PREVIOUSLY MENTIONED, BOTH BEFORE AND AFTER A GROUP OF SAMPLES WAS MEASURED
ON THE OPTICAL GAGE, THE ZERO OF THE INSTRUMENT WAS CHECKED BY MEASURING A
PRINT OF THE SAME GRID ON A GLASS POSITIVE (REFERENCE STANDARD). FROM THE
DEVIATIONS OF THE INDIVIDUAL PAIRS OF MEASUREMENTS ON THE REFERENCE STANDARD,
THE PROBABLE ERROR OF A SINGLE MEASUREMENT ON THE INSTRUMENT WAS COMPUTED.,
BASED UPON 20 PAIRS OF MEASUREMENTS OF THE PLATE, OR 210 INDIVIDUAL MEASURE-
MENTS, THE PROBABLE ERROR HERE wAS 0,00009 incH, orR 00,0015 PERGENT OF THE
~INCH GAGE LENGTH. AS WITH THE PIN GAGE, THIS ALSO IS NOT GREATER THAN THE
ERROR TO BE EXPECTED IN ESTIMATING TEN THOUSANDTHS ON A SCALE GRADUATED TO
THOUSANDTHS OF AN INCH,
THE PROBABLE ERRORS OF BOTH INSTRUMENTS ARE ABouT 0,002 PERCENT., THE
FILM DIMENSIONS OF THE FILM ITSELF, HOWEVER, ARE NOT NEARLY SO REPRODUCIBLE
WHEN ITS SURROUNDING CONDITIONS ARE CHANGED, A gRourp oF |0 STRIPS OF FILM
WAS HUNG ON A LINE FOR 2).]. HOURS IN THE CONDITIONING ROOM, MEASURED AND RE=
HUNG, A LO-WATT LAMP WAS PLACED AT A DISTANCE VARYING FROM ONE TO TWO FEET
" FROM THE FILM SAMPLES AND KEPT BURNING FOR SEVERAL HOURS, THE LAMP WAS RE=-
MOVED AND AFTER A PERIOD OF 2| HOURS THE FILMS WERE AGAIN MEASURED. THE
PROBABLE FLUCTUATIONS OF THE MEASUREMENTS WERE THEN 0,00l PERCENT CROSSWISE
AND 0,008 PERCENT LENGTHWISE IN EIGHT INCHES, FROM TWO TO FOUR TIMES THE
PROBABLE ERROR OF THE GAGES, I|HE PROBABLE FLUCTUATION OF THE MEASURED DIMEN=
SIONAL CHANGE OF A STRIP OF FILM DUE TO OVEN TREATMENT AT [20°F FOR SEVEN
DAYS WAS COMPUTED FOR SEVERAL G ROUPS OF |0 STRIPS OF FILM AND WAS FOUND TO BE
aBouT 0,02 To 0,0l PERCENT., THis 1s aBouT 10 To 20 TIMES THE ERROR OF THE
INSTRUMENTS
THE MEASUREMENTS USED IN COMPUTING THE PROBABLE ERRORS OF THE GAGES WERE
MADE BY AN OBSERVER WHO MADE SEVERAL THOUSAND MEASUREMENTS ON EACH OF THE TWO
INSTRUMENTS, AND HENCE HAD ACQUIRED THE TECHNIQUE OF HANDLING THE STRIPS RAP=-
IDLY AND PRECISELY. PRECAUTIONS WERE TAKEN TO ELIMINATE AS MUCH AS POSSIBLE
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THE EFFECT OF HEAT FROM THE LAMP AND MOISTURE FROM THE OBSERVER'S BODY AND
BREATH ON THE SAMPLES OF FILM, |F THESE PRECAUTIONS ARE NOT TAKEN THE FLUC-
TUATIONS WILL, OF COURSE, BE LARGER,

FiLM SHRINKAGE As A FuncTion ofF ConpiTioNINg TIME

IT I's WELL KNOWN THAT PHOTOGRAPHIC FILM CHANGES INDIMENSION WITH CHANGE
IN MOISTURE CONTENT AND THAT THE AMOUNT OF MOISTURE IN THE FILM TENDS TO FOL=-
LOW A CHANGE IN THE ATMOSPHERE, HOWEVER, NO INFORMATION ON THE TIME REQUIRED
FOR THE FILM TO REACH EQUILIBRIUM WAS AVAILABLE.

THE RATE OF APPROACH TO DIMENSIONAL EQUILIBRIUM WITH HUMIDITY WAS INVES=
TIGATED FOR 3 DIFFERENT FILMS; REGULAR, TOPOGRAPHIC, AND SPECIAL LOW SHRINK=
AGE FILM, THESE FILMS WERE ALL IN RoOLLS 9-1/2 INCHEsS wiDE AND 25 FEET LONG.
TEST STRIPS OF THESE WERE CONDITIONED AT 65% RELATIVE HUMIDITY AND PROCESSED,
WHEN THOROUGHLY DRY THE STRIPS WERE PUT EACH IN A PAPER ENVELOPE AND KEPT I[N
AN OVEN AT 120°F For 2Ly HOURS, PUT IN AN OPEN CAN AND REPLACED I[N THE OVEN
FOR AN ADDITIONAL 2l HOURS., AT THE END OF THIS PERIOD THE CAN WAS QUICKLY
COVERED, SEALED WITH TAPE AND TRANSFERRED TO THE CONDITIONING ROOM WHERE IT
WAS OPENED AND THE FILM STRIPS MEASURED IMMEDIATELY, NOTING THE TIME, WHiLE
THE MOISTURE IN THE FILM WAS COMING TO EQUILIBRIUM WITH THE AIR IN THE CON=-
DITIONING ROOM, A SERIES OF MEASUREMENTS WERE MADE, EXTENDING OVER A PERIOD
ofF |6 pavs. FROM THESE MEASUREMENTS WAS COMPUTED THE DIMENSIONAL CHANGE OF
THE FILMS, BASED ON THEIR ORIGINAL MEASUREMENT BEFORE PROCESSING.

THE RESULTS FOR ONE, THE TOPOGRAPHIC FILM, SHOWN INFIGURE 8, WERE PLOT=-
TED ON A LINEAR SCALE AS DIMENSIONAL CHANGE I[N PERCENT AGAINST TIME UP TO
ABOUT SEVEN HOURS, THESE CURVES, RISING STEEPLY FOR AN HOUR OR TWO AND THEN
LEVELING OFF, SEEM TO INDICATE THAT EQUILIBRIUM |S APPROXIMATELY REACHED WI TH=-
IN A FEW HOURS., HOWEVER, THIS IS NOT STRICTLY TRUE, THE RESULTS FROM ALL
THREE FILMS, SHOWN IN FIGURES 9, 10, AND ||, WERE PLOTTED AS DIMENSIONAL
CHANGE IN PERCENT AGAINST THE LOGARITHM OF THE CONDITIONING TIME, UP TO 16
DAYSe THESE CURVES SHOW THAT DIMENSIONAL EQUILIBRIUM WAS NOT REACHED EVEN
AFTER TWO WEEKS' CONDITIONING, AND THAT ABouT |00 DAYS wouLD BE REQUIRED TO
ESTABLISH EQUILIBRIUM, |T MAY BE POINTED OUT THAT THIS CHANGE IS DUE TO LACK
OF MOISTURE EQUILIBRIUM, AND NOT TOLOSS OF SOLVENT FROM THE FILM BASE., SucCH
LOSS OF SOLVENT RESULTS IN A SHRINKAGE OF THE FILM, WHILE IN THIS CASE THE
FILM IS EXPANDING,

THESE EXPERIMENTS SHOW THAT CONDITIONING TIME IS AN IMPORTANT FACTOR AND
THAT A DEFINITE TIME SHOULD BE STATED IN ANY SPECIFICATION WHICH MAY BE PRE=-
PARED FOR AERIAL FILM SHRINKAGE TESTS, OBviousLY, MOISTURE EQUILIBRIUM WITH
THE SURROUNDING AIR CANNOT BE SPECIFIED, However, 24 or L8 Hours conpiTION-
ING SHOULD BE SATISFACTORY FOR TESTING PURPOSES.

FiLm SHRINKAGE AS A FuncTiON oF ACCELERATED AciNg TIME

THE EFFEGCT OF ACCELERATED AGING AT I20°F FOR FROM ONE TO %2 DAYS UPON
THE DIMENSIONS OF AERO FILM WERE STUDIED. FOR THIS EXPERIMENT A REGULAR AND
A TOPOGRAPHIC FILM WERE CHOSEN, Six SAMPLES OF EACH 8 x 9-1/2 INCHES WERE
CUT AND CONDITIONED IN A LIGHT-TIGHT CABINET WITH FORCED VENTILATION FOR
HOURS AT T2O°F, 65% RELATIVE HUMIDITY. THESE WERE THEN EXPOSED IN CONTACT
WITH THE GRID NEGATIVE, DEVELOPED IN A METOL-HYDROQUINONE DEVELOPER FOR TWO
MiNuTES AT 21°C, RINSED IN A DILUTE ACETIC ACID SHORT STOP BATH, FIXED FOR
|2 MINUTES IN AN ACID HARDENING FIXING BATH, WASHED 30 MINUTES IN RUNNING
WATER, AND DRIED OVER NIGHT, IN THE LABORATORY, AFTER RECONDITIONING FOR
HOuRs AT T2°F, 65% RELATIVE HUMIDITY, THE SAMPLES WERE MEASURED ON THE OPTI~-
CAL GAGE, AFTER MEASURING, THE FILMS WERE PLACED EACH IN A PAPER ENVELOPE
IN AN OVEN MAINTAINED AT [20°F éh9°c) AND ONE SAMPLE FROM EACH ROLL REMOVED
AFTER ONE, TWO, FOUR, NINE, |6 AND %32 DAYS, RESPECTIVELY. EACH SAMPLE WAS
THEN RECONDITIONED AT T2°F, 65% RELATIVE HUMIDITY FOR LB HOURS AND AGAIN
MEASURED ON THE OPTICAL GAGE,

THE SHRINKAGE OF THE FILMS DUE TO OVEN TREATMENT WAS COMPUTED FROM THE
DIFFERENCE IN THE DIMENSION OF THE FILM AFTER PROCESSING AND AFTER OVEN TREAT-
MENT o THE RESULTS IN FIGURE |2 WERE PLOTTED WITH SHRINKAGE IN PERCENT AS
ORDINATES AND THE LOGARITHM OF THE TIME IN THE OVEN IN DAYS AS ABSCISSAs. IT
WILL BE NOTED THAT THE POINTS LIE APPROXIMATELY ON A STRAIGHT LINE. THE
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SHRINKAGE IS SEEN TO BE GREATER IN THE CROSSWISE DIRECTION, AND THE RATE OF
SHRINKAGE 1S GREATER IN THE CROSSWISE DIRECTION, FOR BOTH FILMS, THE SHRINK=
AGE OF THE REGULAR FILM IS MUCH GREATER THAN THE TOPOGRAPHIC FILM AND ALSO
ITS RATE OF SHRINKAGE IS SLIGHTLY HIGHER.,

THE POSITION OF THE LINES THROUGH THE POINTS IN FIGURE |2 WAS OBTAINED
BY LEAST SQUARES, The SAME DATA WERE ALSO PLOTTED ON A LINEAR TIME SCALE 1IN
FIGURE IS. THE SOLID LINES IN THIS FIGURE ARE TRANSFORMED FROM THE STRAIGHT
LINES IN FIGURE 12, THE DASHED PORTIONS OF THE CURVES ARE ESTIMATES OF THE
BEHAVIOR OF THE FILMS IN THE OVEN FOR LESS THAN ONE DAY, AND OF COURSE, THIS
MAY NOT BE EXACT,

NUMBER OF DAYS AT I20°F

| 2 4 9 16 32
T T T T 0.00

- g 15
E
. sl
-1 25 -
) S PR [ O S I ([PY (WU | JS T E N S TN P G NI TR VN S S S M NI L . I A S PO M TR
000 20 40 60 .80 1.00 1.20 140 160 0 2 4 6 8 10 12 14 3 8 20 22
LOG. NUMBER OF DAYS AT I120°F NUMBER OF DAYS AT 120°F
Figure 12 Figure 13
Illustrating the linear relation The curves of figure 12 plotted on
between percent shrinkage and the a linear scale of accelerated aging
log of time in days of accelerated time in days to show that a large
aging for regular and topographic shrinkage occurs during the first
base film. ) day of aging.

SHRINKAGE OF AERO Fiims As A FuncTioN oF RELATIVE HumiDITY
IN CONNECTION WITH A SEPARATE PROJECT, THE CONDITIONING ROOM ORDINARILY
MAINTAINED AT 50p RELATIVE HUMIDITY WAS TO BE OPERATED AT A SERIES OF RELAT=-

IVE MUMIDITIES, THE PROGRAM CALLED FOR PERIODS OF APPROXIMATELY A WEEK'S
DURATION AT 32%, L3%, 65%, T76%, 867 65% AND 50% RELATIVE HUMIDITY, THE TEMP-
ERATURE TO BE KEPT CONSTANT AT 72 C. ADVANTAGE WAS TAKEN OF THIS TO DETER=-

MINE THE FILM SHRINKAGE UNDER THESE CONDITIONS,

17 SAMPLES OF AERO FILMS REPRESENTING SIX DIFFERENT BRANDS OF FILMS WERE
STUDIED, OSOME OF THESE SAMPLES HAD ALREADY BEEN USED FOR OTHER PURPOSES AND
CONSEQUENTLY HAD BEEN CUT, CONDITIONED AND PUNCHED FOR SOME TIME, IN EACH
CASE, ONE GROUP OF TEST STRIPS WAS LEFT IN THE CONDITIONING ROOM UNPROCESSED
AND ANOTHER BROUP EITHER PROCESSED ONLY, OR PROCESSED AND GIVEN AN OVEN TREAT=-
MENT AT 120 THEN LEFT IN THE CONDITIONING ROOM UNTIL THE START OF THE
CYCLE OF RELATIVE HUMIDITIES, THE HISTORY OF THESE FILMS PRIOR TO THESE TESTS

WAS AS FOLLOWS!:

SampLEs C AND Q: CoONDITIONED AT 65% RELATIVE HUMIDITY}
UNPROCESSED FILMS CONDITIONED 53 DAYS;
FiLMs OVEN TREATED FOR SEVEN DAYS, RECONDITIONED
DAYS}
FiLMS OVEN TREATED ForR Il DAYS, RECONDITIONED 35 DAYS.
SAMPLE F: CONDITIONED AT 50% RELATIVE HUMIDITY;
UNPROCESSED FILMS CONDITIONED 22 DAYS}
FiLMs OVEN TREATED FOR SEVEN DAYS, RECONDITIONED || DAYS.




SAMPLE Gt CONDITIONED AT 50% RELATIVE HUMIDITY;
UNPROCESSED FILMS CONDITIONED |9 DAYS;
FilLMs OVEN TREATED FOR SEVEN DAYS, RECONDITIONED NINE DAYS;

SampLe |t CoONDITIONED AT 50% RELATIVE HUMIDITY;

UNPROCESSED FILMS CONDITIONED || DAYS;
FiLmMs OVEN TREATED FOR SEVEN DAYS, RECONDITIONED TWO DAYS;

SAMPLE J: UNPROCESSED FILMS CONDITIONED EIGHT DAYS AT 50% RELATIVE HU=-

' MIDITY;
FiLms OVEN TREATED FOR SEVEN DAYS STARTED IN CYCLE OF HUMID=-
ITIES AT 32% IMMEDIATELY AFTER REMOVING FROM OVEN.,

SampLE O: CONDITIONED AT 50% RELATIVE HUMIDITY}

UNPROCESSED FILMS CONDITIONED 2l} DAYS}

FiLMs OVEN TREATED FOR SEVEN DAYS RECONDITIONED |5 DAYS.
2 SampLEs - A, B, C, H, K, N, P, Q, R, S, T, anD U:

CONDITIONED AT 50% RELATIVE HUMIDITY;

UNPROGESSED F|LMS CONDITIONED THREE DAYS;}

PROCESSED FILMS RECONDITIONED TWO DAYS;

HAVING RECEIVED THE DESCRIBED TREATMENTS ALL FILMS WERE CONDITIONED AT

THE RELATIVE HUMIDITIES AS FOLLOWS BEFORE MEASURING?

3 DAYS AT 52% Ly pavs at AB% T DAYS AT 0%

10 pays AT 65% 7 pavs AT T76% 5 pavys AT 86%

7 DAYS AT 65% 7 DAYs AT 50%
IMMEDI ATELY BEFORE THE ROOM WAS CHANGED TO A NEW HUMIDITY CONDITION, THE FILM
SAMPLES WERE PLACED IN SEALED CANS WHERE THEY REMAINED UNTIL THE NEW CONDITION
HAD BEEN ESTABLISHED,

THE DIMENSIONAL CHANGES OF THE FILMS WERE COMPUTED AND TABULATED AS
CHANGE FROM THE ORIGINAL MEASUREMENTS MADE ON THE FitMs AT 50 or 65% RELATIVE
HUMIDITIES., JTHE RESULTS ARE GIVEN IN TaBLE [, EACH VALUE IN THE TABLE IS
THE AVERAGE OF |0 MEASUREMENTS ON THE FILM, THE RESULTS ON SIX OF THESE
FILMS WERE PLOTTED AS DIMENSIONAL CHANGE IN PERCENT AGAINST RELATIVE HUMID-
ITY IN FIGURES Il To 19, UNPROCESSED FILMS ARE SHOWN BY FULL LINES, FILMS
ONLY PROCESSED BY DASHED LINES AND FILMS PROCESSED AND OVEN TREATED BY DOTTED
LINES,

IT WAS EXPECTED THAT THE FILMS SHOULD SHOW A HYSTERESIS EFFECT WHEN THE
HUMIDITY WAS VARIED, THAT IS, THE DIMENSIONAL CHANGES OF THE FILM SHOULD LAG
BEHIND THE CHANGES OF RELATIVE HUMIDITY, ORDINARILY A CURVE SHOWING THE RE=-
LATION BETWEEN CAUSE AND EFFECT IN A MATERIAL WHICH EXHIBITS HYSTERESIS IS
AN S-SHAPED CURVE OR A LENTICULAR SHAPED CURVE. THE CURVES OF FIGURES Il To
I9 AS A WHOLE DO NOT PROPERLY FIT THIS DESCRIPTION, BUT IT MUST BE REMEMBERED
THAT THIS SERIES OF MEASUREMENTS AT DIFFERENT RELATIVE HUMIDITIES WAS MADE
OVER A LONG PERIOD OF TIME (ABOUT NINE WEEKS) AND THAT THE FILMS WERE LOS-
ING SOME SOLVENT, CONSEQUENTLY, SHRINKING SOMEWHAT ALL THE TIME. THE RATE
OF SHRINKAGE DUE TO THIS CAUSE IS PROBABLY NOT THE SAME AT DIFFERENT HUMI D=
ITIES, AND THEREFORE, IT WOULD BE DIFFICULT TO MAKE A CORRECTION FOR IT,
THIS SHRINKAGE [S SUGGESTED IN THAT THE DESCENDING PORTIONS OF MOST OF THE
CURVES SHOWN LIE BELOW THE ASCENDING PORTIONS, INSTEAD OF ABOVE THEM AS [N
THE CASE OF HYSTERESIS CURVES OF PAPER., WiTH THIS IN MIND IT CAN BE SEEN
THAT GERTAIN OF THE CURVES, SAMPLE N, FIGURE Il 3 THE OVEN TREATED TEST STRIPS
ofF sampPLE C, FIGURE |5; AND samMPLE O, FIGURE |7, ARE S~-SHAPED.,

AT THE 76% RELATIVE HUMIDITY AND ABOVE, MOST OF THE CURVES SEEM ERRATIC.,
IN THESE CASES, THE OBSERVED EXPANSION IS TOO HIGH, PROBABLY DUE TO THE GEL~-
ATIN WHICH TAKES ON WATER MORE READILY THAN THE CELLULOID, AND BEING IN CON=
TACT WITH THE CELLULOID MAY HAVE THE EFFECT OF ACCELERATING THE HYDRATION,
THE HYDRATION AND DEHYDRATION OF GELATIN IS ACCOMPANIED WITH LARGER EXPAN=-
SION AND CONTRACTION THAN CELLULOID., THIS EFFECT 1S ILLUSTRATED IN FIGURE 20,
WHICH SHOWS FOUR BOTTLES, EACH CONTAINING TWO STRIPS OF FILM, ONE CUT LENGTH~-
WISE AND THE OTHER CUT CROSSWISE FROM THE ROLL, THE BOTTLES ARE CLOSED AND
EACH CONTAINS A SOLUTION TO MAINTAIN A FIXED VAPOR PRESSURE. THE RELATIVE
HUMIDITIES ARE, FROM LEFT To RIGHT, 1%, 37%, 77%, an0D 88%, THE EMuLsioON
SIDES OF THE FILMS ARE TO THE RIGHT, IT WiLL BE NOTICED THAT THE FILM CUT
LENGTHWISE TENDS TO UNCURL AS THE HUMIDITY INCREASES., THE SAMPLE CUT CROSS~-
WISE ACTUALLY BENDS BACKWARD IN THE 88% BOTTLE. AT ABOUT 65 To T70% RELATIVE
HUMIDITY FILMS DO NOT CURL.
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Figure 20
Illustrating the fact that gelatin has larger expansion and contrac-
tion than celluloid with changes in relative humidity. Gelatin side of
films is to the right. Each bottle contains two samples of film, one cut
lengthwise and one cut crosswise., From left to right the relative humid-
ity condition in the bottles is 11%, 37%, 77%, and 88%. The sample cut
lengthwise uncurls with increasing moisture,

Fium SHRINKAGE DUE TO PROCESSING AND ACCELERATED AGING

THE EFFECT OF PROCESSING AND OF ACCELERATED AGING UPON THE DIMENSIONS
OF AERO FILMWAS INVESTIGATED., ACCELERATED AGING CONSISTS OF KEEPING THE FILM
IN AN OVEN AT 120°F (49°C) ror seEven Davs., TWwo SETS OF CONDITIONS WERE IM=
POSED, ONE IN WHICH THE FILMS WERE DONCITIONED AT 50% RELATIVE HUMIDITY AND
720F, AND ANOTHER IN WHICH THEY WERE CONDITIONED AT 65% RELATIVE HUMIDITY
anD 72°F,

FOR THE DETERMINATIONS AT 50% RELATIVE HUMIDITY, SAMPLES WERE TAKEN FROM
2] DIFFERENT ROLLS OF FILM, HAVING DIFFERENT EMULSION NUMBERS, REPRESENTING
SIX DiFFERENT TYPES, TEST STRIPS WERE CONDITIONED AT 50% RELATIVE HUMIDITY
AND 72°F FOR ONE OR TWO DAYS, MEASURED, PROCESSED, RECONDITIONED FOR TWO DAYS,
AND REMEASURED, THEN ONE GROUP- OF FILM STRIPS WAS KEPT IN AN OVEN AT [120°F
(L9°C) For ONE TO TWO DAYS, AND REMEASURED TO DETERMINE THE SHRINKAGE DUE TO
OVEN TREATMENT (ACCELERATED AGING).

FOR THE SHRINKAGE DETERMINATIONS AT 65% RELATIVE HumIiDITY, 8 x 9-1/2
INCH SAMPLES WERE TAKEN FROM THE SAME 2| ROLLS OF FILM, AND ALSO ONE SAMPLE
EACH FROM THREE @ x 10 INGH oUT FiLMS, ONE OF THEM, SAMPLE X, IS A CHLORIDE
EMULSION ON A CELLULOSE ACETATE BASE LOADED WITH SOME MATERIAL TO MAKE IT
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WHITE AND FAIRLY OPAQUE., |TS SHRINKAGE IS ABOUT THE SAME AS LOW SHRINK BASE.
Two SEPARATE DETERMINATIONS WERE MADE. THE SAMPLES WERE CONDITIONED AT 65%
RELATIVE HUMIDITY AND 72°F IN A LIGHT-TIGHT CABINET WITH FORCED VENTILATION
For 6l Hours anD LB HOURS, RESPECTIVELY, THEN EXPOSED IN CONTACT WITH A NEG-
ATIVE OF AMAx LEVY RULED GLASS GRID COMPOSED OF LINES |/2 INCH APART. THEY
WERE DEVELOPED 2-1/lL MINUTES IN A METOL-HYDROQUINONE DEVELOPER, RINSED IN
DILUTE ACETIC ACID SHORT STOP BATH, FIXED |2 MINUTES, WASHED | /2 To ONE HOUR
IN RUNNING WATER AND DRIED IN THE LABORATORY. THEN THEY WERE HUNG UP AND
CONDITIONED FOR 21 AND L} HOURs, RESPECTIVELY, AT 65% RELATIVE HUMIDITY AND
72%°F, AND MEASURED ON THE OPTICAL GAGE TO OBTAIN THE DIMENSIONAL CHANGE DUE
TO PROGCESSING, AFTER MEASURING THEY WERE PLAGCED IN THE OVEN FOR SEVEN DAYS
AT _120°F (L49°C) FoLLOWED BY TWP DAYS RECONDITIONING AT 65% RELATIVE HUMIDITY,
T72°C, AND AGAIN MEASURED, TO OBTAIN THE DIMENSIONAL CHANGE DUE TO ACCELERATED
AGING .

. THE RESULTS OF THE MEASUREMENTS IN TABLES 2 AND % WERE COMPUTED AND TAB-
ULATED AS DIMENSIONAL CHANGE, IN PERCENT, IN THE CROSSWISE DIRECTION, LENGTH-
WISE DIRECTION AND THE DIFFERENGCE BETWEEN THE TWO DIRECTIONS DUE TO PROCESS~-
ING ALONE, AND DUE TO PROCESSING AND ACCELERATED AGING.

THE SHRINKAGE OF FILMS BASED UPON MEASUREMENTS AT 50% RELATIVE HUMIDITY
(TABLE 2) 1S MUCH GREATER THAN THE SHRINKAGE BASED ON MEASUREMENTS AT 65
(taBLE 3). FOR INSTANCE, AT 65% RELATIVE HUMIDITY, ALL THE SAMPLES OF AERO
FILM WOULD PASS AIR CORPS SPECIFIGATION No. 31004B wiTH RESPECT TO SHRINK-
AGE, WHILE AT 50%, EIGHT SAMPLES WOULD NOT HAVE PASSED SPECIFICATIONS. This
SHOWS THE NEED OF SPECIFYING THE CONDITIONS UNDER WHICH SHRINKAGE IS TO BE
MEASURED |F THE SPECIFICATIONS ARE TO HAVE DEFINITE MEANING. :

THE SHRINKAGE OF THE AERO FILM ON SPECIAL LOW SHRINK BASE 1§ JUST AS
LARGE AS THAT OF THE TOPOGRAPHIC AERO FILM BOTH IN AMOUNT OF SHRINKAGE AND
DIFFERENTIAL SHRINKAGE., THE AMOUNT OF SHRINKAGE 1S PERHAPS A LITTLE GREATER
FOR THE SPECIAL LOW SHRINK BASE. ’

SHRINKAGE OF PHoTogRAPHIC PaPeErs DuE To PROCESSING

THE EFFECT OF PROCESSING UPON THE DIMENSIONS OF PHOTOGRAPHIG PRINTING
PAPERS WAS INVESTIGATED FOR 32 DIFFERENT SAMPLES OF CONTACT PRINTING PAPERS
AND 25 DIFEERENT SAMPLES OF PROJECTION PAPERS, JTHESE WERE IN SHEETS 8 x 10
INCHES.,  HE PAPER SAMPLES WERE CONDITIONED IN A LIGHT=TIGHT CONDITIONING
CABINET WITH FORCED VENTILATION, FOR 2li HOURS AT6?% RELATIVE HUMIDITY, T29F,
THEY WERE THEN EXPOSED IN CONTACT WITH THE GRID. HEY WERE PROCESSED AS FOL~-
Lows: CONTACT PAPERS DEVELOPED L5 SECONDS, PROJECTION PAPERS, |5 MINUTES,
RINSED IN ACETIC ACID SHORT STOP BATH, FIXED ABOUT |2 MINUTES, WASHED IN RUN=~
NING WATER FOR AN HOUR, SURFACE WATER BLOTTED OFF, ODRIED ON CHEESE CLOTH COV=
ERING DRYING RACKS IN UNCONTROLLED ATMOSPHERE AND RETURNED TO THE CONDIT!ON=-
ING ROOM, AFTER REGONDITIONING FOR SEVERAL DAYS AT 65% RELATIVE HUMIDITY
AND T2°F THE PAPERS WERE MEASURED ON THE OPTICAL GAGE. ' [HE DISTANCE BETWEEN
THE LINES SIX INCHES APART WAS MEASURED AT THE CENTER, AND ALSO ABOUT ONE
INCH FROM EACH EDGE, IN BOTH DIRECTIONS, CROSSWISE AND LENGTHWISE.

THE RESULTS OF THE MEASUREMENTS GIVEN IN TABLES lf AND 5 WERE COMPUTED
AND TABULATED AS DIMENS|ONAL CHANGE OF THE PAPERS IN PERCENT, DUE TO PROCESS~-
ING, ALONG THE MACHINE DIRECTION, ACROSS THE MACHINE DIRECTION, AND THE DIFF=
ERENCE BETWEEN THE CHANGES IN THE TWO DIRECTIONS.,

THE FOLLOWING PAPERS WERE FOUND TO HAVE VERY SMALL SHRINKAGE: BrRAND Z,
A BROMIDE PAPER, 18 A LAMINATED MATERIAL COMPOSED OF A SHEET OF HARD ALUMIN-
UM FOIL GEMENTED BETWEEN PAPER. TS SHRINKAGE DUE TO PROCESSING WAS LESS
THAN .01%., ONE SAMPLE WAS DRIED IN THE OVEN AT |20°F ror 2} HouRs AND RE-
MEASURED , [T SHRANK ONLY .03% AND .Ol%, RESPECTIVELY, IN TWO DIRECTIONS AT
RIGHT ANGLES., BRAND X 1S A WATERPROOF PAPER, MADE WITH CONTACT OR ENLARG=-
MENT EMULSIONS, THE SHRINKAGE OF THE CONTACT AND ENLARGING PAPERS DUE TO PRO=
CESSING WAS o02%, .03% aLong AND .O1%, .02% ACROSS _THE SHEET, RESPECTIVELY,
THEIR SHRINKAGE DUE TO 2l HOURS IN THE OVEN AT |20 F was .02% anD .03% ALONG
AND o07% AND o,06% ACROSS THE SHEET, RESPECTIVELY.

THE REST OF THE PAPERS WERE FOUND TO HAVE A MAXIMUM SHRINKAGE RANGING
FROM ABOUT .20% ToO .50%, FOUR PAPERS BEING IN EXCESS OF .,50%. THE DIFFERENT=
IAL SHRINKAGE OF THE PAPERS, (l. E., THE DIFFERENCE IN SHRINKAGE IN TWwO




TABIE 1.- (Continued)

RELATIVE HUMIDITY

Regular film base
Ss. panchromatic

Infra-red sensitive
Sample N

Unprocessed
Crosswise
Lengthwise

Processed
Crosswise
Lengthwise

Topographic film base
Ss. panchromatic

Semple 0

Unprocessed
Crosswise
Lengthwise

Oven treated 7 days
Crosswise
Lengthwise

Sample P

Unprocessed
Crosswise
Lengthwise

Processed
Crosswise
Lengthwise

Sample Q

Unprocessed
Crosswise
Lengthwise

Processed
Crosswise
Lengthwise

Unprocessed
Crosswise
Lengthwise

Oven treated 7 days
Crosswise
Lengthwise

Oven treated 14 *
Crosswise
Lengthwise

Sample R

Unprocessed
Crosswise
Lengthwise

Processed
Crosswise
Lengthwise

Pine grain panchromatic
Semple 8

Unprocessed
Crosswise

Lengthwise

Low shrinkage film
8s. panchromatic

Sample T

Unprocessed
Crosswise
Lengthwise

Processed
Crosswise
Lengthwise

Sample U

Unprocessed
Crosswise
Lengthwise

Processed
Crosswise
Lengthwise

328

- .143

- .191

- 179
- 169

- .221

- .18%

- .151

- .207

- .134

.194
- .205

=0.225
- .22]

.290
- .298

- .181
- .140

.213
- . 200

.138
- .138

.193
- .190

- .144

- .228

- (150

- .168

- .238

43%

- .115
- .102

- .147

- .120

- 113

- .187
- .180

- .094
- .095

- .151
- .152

- .096
- .148
- .149

=0.182
- .17

- 282
- .260

- .261
- .261

- .108
- .086

- .1687
- .146

- .090

- .140

- .094

- 177

- .097

- .109

.182

50%

- .059

- .110
- .094

- 073

- 147
- .142

- .048
- .102

- 087
- .083

- .097

-0.124
- .118

- .208

- .197
- .211

- .045

- .088

- .049

- .089

- .07%
- .07

- .140

- .08%

- 138
- 134

65%

+ .038
- .004
.017

+ .043
- .027

- .042
+ ,060
+ .025
+ .050
+ .083

+ .077

+ .048

-0.004
- .011

- .079
- .082
s .080
+ .07

+ 045

+ .068
+ .058

+ .035

+ .081

+ .012
+ .018

+ .058%
+ .088

+ 024

76%

+ .100

+

.072
+ .07¢8

+ 093

+ 034
+ .018

+ .095
+ .130

+ .085
.109

+ .106
+ .119

+ .108
+ .103

+0.049

+ .033
- .030
- .03

e .138
+ 122

+ .120
+ .104

+ 115
+ .108

+ .108
*

+ .093
+ .106

+ .081

86%

+ .138
+ .136

*

.119
+ .119

*

134
+ .138

*

+ 073

+ .178
+ .201

+ .170
+ .183

+ .191
+ .192

+ .164

+0.144
+ .112
+ .022

+ .070
+ 017

+ .210
+ .190

+ .194
+ ,169

+ .214
+ .189

+ 174

+ .159
+ .151

+ .130
+ .123

+ .158

.116
+ 127

*

65%

- .003

.033

*

.025
+ .028

- .045

+ .054
+ .085

+ .011
+ .032

+ .055
+ 084

+ .017
+0.007
?

- .081

- 091

*

.089
+ 062

*

.032
.020

*

+ .087
+ .062

+ .044
+ .018

*

+ .013

- .038

+ .027

- .046
- .026

s0%

- .149
- .137

- .182
- .166

- .103
- .098

- .173

- .087
- .048

- .21
- .098

- .053
- .040

- .095
- .101

=-0.111
- .128
- .218

- .190
- .211

- .048
- .054

- .107
- .100

- .054

- .098
- .103

- .132
- 115

- 177

- .099

- .188
- .18%




TABIE 1.- DIMENSIONAL CHANGE OF FIIMS IN PER CENT AS A FUNCTION
OF RELATIVE HUMIDITY

RELATIVE HUMIDITY

Regular film base
Ss, panchromtic

Sample A

Unprocessed
Crosswise
Lengthwise

Processed
Crosswise
Lengthwise

Sample B

Unprocessed
Crosswise
Lengthwise

Processed
Crosswise
Lengthwise

Sample C

Unprocessed
Crosswise
Lengthwise

Processed
Crosswise
Lengthwise

Unprocessed
Crosswise
Lengthwise

Oven treated
Crosswise
Lengthwise

Oven treated
Crosswise
Lengthwise

Sample F

Unprocessed
Crosswise
Lengthwise

Oven treated
Crosswise
Lengthwise

Sample G

Unprocessed
Crosswise
Lengthwise

Oven treated
Crosswise
Lengthwise

Sample H

Unprocessed
Crosswise
Lengthwise

Processed
Crosswise
Lengthwise

Sample I

Unprocessed
Crosswise
Lengthwise

Oven treated
Crosswise
Lengthwise

Sample J

Unprocessed
Crosswise
Lengthwise

Oven treated
Crosswise
Lengthwise

Sample K

Unprocessed
Crosswise
Lengthwise

Processed
Crosswise
Lengthwise

7 days

14 "

7 days

7 deys

7 days

7 days

32%

-0.144
- .132

~ .186

- .166
- 149

- .199

- <139
- 137

- .214
- .206
- .28%
- .276

- .409
- .382

- .426
- .382

- .168
- .144

- 217

- 224
- .2186

- 377
- 336

- .154
- »143

- .216
- 199

-0.141
- .l21

- .192
- .154

- .145
- .124

- .202
- .154

- .190
- .144

- 261
- L1901

43%

-0.089
- .081

- .159
- .133

- .111
- .099

- .188
- .152

- .090
- .088

- .185
- .152
- .238
- .224
- .372
- 344
- 346
- .114
- .092
- .174
- .195
- .189
- .305

- 115
- 103

- 174
- .160

=0.103

- .18

- .106

- .080

- .108

- .137
- .108

- .156

50%

-0.049
- .040

- .116
- .085

- .063
- .046

- .108

- .082
- .085

- .125
- .111

.168

- 321
«301

-297

- 074
- .058

- .184
- 137

- 130

- .122

- .251

- .058
- .040

- .112
- .083

-0.038
- .023

- .068

- .030

- .080

- .087
- 089

- .151
- .101

65%

+0.059
+ .085

s ,015
+ .045

+ ,053
+ .069

+ ,023

+ .048
+ ,077

+ ,013
+ .041
- .058
- .056

- 193
- .l81

- .208
- .178

¢ .031
+ .056

- .07
- .041

s .024
+ .011

- .151
- .130

+ 044
+ ,087

+ 007
+ .048

+0.83
+ .088

+ .012
+ .031

+ .058

+ .092

+ ,035

+ .038
+ 043

+ .019

76%

+0.091
+ .127

+ .070
+ ,104

+ .107

+ .070

+ 077
+ .114

+ .094
- .018

- .016

- .119
- .118

- 133
- .117

+ 095

- .02%
- .002

+ 052
+ .0%56

- .078
- .086

+ 082
+ .140

+ .088
+ .114

+0,121
+ .139

+ 078
+ .080

+ .1185
+ 143

+ .076
+ .082

+ .090
+ .082

+ .06l

86%

+0.155
+ .180

+ .14
+ .167

+ .148
+ .160

+ .114
+ .131

+ .119
+ .158

+ .112
+ .138
+ 040
+ 041

- 073
- .070

.088
- .073

+ .109
+ 144

+ .035
+ 062

+ .135
+ .148

+ .023
+ .039

+ 136
+ .190

+ .132
+ 174

+0.211
+ 221

+ .183
.178

+ .178
+ .201

+ .1583
+ 150

+ .193
+ 148

+ 127

65%

+0,015
+ 050

- .029
+ .04

+ 023

- 062
- .032

- .007
+ .038

- .036
- .010

- .078

- 213
- 202

- .236
- .212

- .018
+ .023

- .082

- 0486
- .027

- .156
- .136

+ .005
+ .070

- .03¢9
+ 011

+0.077
+ 091

+ 025

+ ,068
+ .09¢

+ .030

- .003

- .039

-0.110
- .07

- .103

- .133
- .104

- .68

- .121
- .080

- .162
- .126
- .219
- o217

- 339
- .318

- 358
- .321

- .151
.118

.187

- .211

- .297

- .130

- .087

- .130

-0.084

- .09

- .058
- .026

- 064
- .123

- .174



TABLE 2.- PER CENT SHRIMKACE OF AERO MAPPING PILNM TABLE 3.- PER CHNT SHRINKAGE OF AERO KAPPING FILM
Conditioned at $50% R.H., Temperature 72°F Conditionsd at 65% R.E., Temperature 72°F

0§

Type of film Processing cly Processing and oven Proceseing only Processing end oven
treatment at 120°F treatment at 120°F
Cross- Length- Differ- Cross- Length- Differ- Cross- Length- Differ- Crose- Length- Differ-
wige ¥ise ence wise snge _wise _ wise -ence wige __ wige —ence.
Reguler film base Reguler film base
Ss. panchromatic Ss. penchromatic
Semple A 0.07 0.05 0.02 0.1¢ 0.09 0.05 Semple A 0.03 0.04 0.02 0.14 0.14 0.00
- B .11 .07 .04 .17 .15 .02 » B .03 .02 .01 .13 .11 .02
. c .08 .08 .02 .20 .14 .06 " c .02 .02 .00 .14 .13 .01
. D .08 .03 .08 . .27 .07 . D .08 .03 .02 .20 .18 .02
" B .01 +.03 .04 .42 .27 .18 » E .05 .02 .03 .18 .17 .01
" r .08 .03 .02 .16 11 .05 3 r .02 .03 .01 .10 .12 .02
. G .04 02 .02 .24 .22 .02 - G .02 .01 .01 .19 .18 .01
" H .09 .07 .02 .16 .10 .08 - H .03 .00 .03 .12 .08 .04
- I .01 +00 .01 .07 .08 .02 » I .02 .00 .02 .08 .08 .02
el J .03 .00 .08 .10 .08 .04 . J . .01 .01 .08 .07 .01
. K .10 .07 .03 .22 .18 .04 . K +.01 .01 .02 14 .12 .02
. L .00 .01 .01 .18 .16 .02 » L . .02 .- .- .10 .-
" M .- .01 .= .= .2 .- . | .- .02 .- .- .19 .-
Infre-red sensitive Infra-red sensitive
Sample N .07 .06 .01 .15 .13 .02 Sample N .02 .02 .00 .11 .11 .00
Topographic film base Topographic film base
Ss. panchromatic Ss. panchrometic
Semple O .03 .03 .00 .13 .13 .00 Sample 0 .00 .02 .02 .08 .09 .01
bt P .08 .07 .01 .14 .09 .08 o] P .01 .01 .00 .08 .09 .01
- Q .06 .08 .00 .11 .09 .02 " Q .00 .01 .01 .08 .08 .08
. R .08 .07 .01 .10 .10 .00 . R .01 .01 .00 .06 .08 .02
Pine grein penchromatic Fine grain panchromatic
Semple S .06 .07 .01 .10 .10 .00 Semple S ¢.01 .01 .02 .08 .07 .o0e
Low shrink base Low shrink base
Ss. penchromatic 8s. panchrometic
Sample T .07 .08 .01 .18 .14 .04 Sample T .00 .02 .02 .10 .11 .01
» U .07 .08 .01 .18 .15 .03 . v .01 .02 01 <10 11 .01
Nitrate cut film
Orthochromatic press
Sample V <13 .11 .02 .51 45 .06
Safety cut film
Orthochromatic press
Sample W 0l .00 .01 .11 .11 .00
Experimental safety cut film
Semple X .01 .a .00 .1 .10 .01




TABLE 5.- PER CENT SHRINKAGE OF ENIARGING PAPERS

Conditioned at 6%% R.H., Temperature 70°F.

TABLE 4.- PER CENT SHRINKAGE OF CONTACT PAPERS
Conditioned at 65% R.H., Temperature 70°F.

Type of paper
Contrast-surface

Single weight regular papers

Brend E
Medium
Brand ¥
Mediun Semi-matte
Brend G
Medium Semi-mstte
- Glossy
" Extra hard
Brand unknown
Gloe sy

Double weight regular papers

Brend H
Medium Matte
Hard .
Brund I
Hard
Brend J
Soft Matte
Normal "
Medium "
Hard =
Extra hard Matte
Brand K
Medium Semi-gloss
Hard .
Brand L
Hard Matte

Brand unknown
Medium Matte
White Rough Matte
Rough Matte

Special sero mapping papers

Brand W

Hard Matte
Breand X

Double weight

Bingle weight
Double weight

Brand

Ll

Metal laminated paper
Brewd Z

Shrinkage
Crosswise Lengthwise Difference

0.27 0.17 0.10
.41 «27 .14
.36 .24 .12
.29 .15 .14
.54 .31 .23
.30 .28 .02
.41 .21 .20
.27 .24 .03
.23 .09 .14
.45 .17 .28
2 «17 .22
.39 .11 .28
.43 .18 27
.41 + X8 .26
.48 .13 .35
.43 .12 W31
.35 .08 .27
.34 .33 .01
44 .13 .31
.60 .14 .46
.43 .29 .14
.03 .02 .01
.44 .25 «19
.18 .16 .02
.004 +.001 .C08

Type of paper Shrinkage
Crosswise Lengthwise Difference
Single weight Tegular papers
Glossy surfaces
Brend A
Extre soft 0.23 0.1% 0.08
Normal .32 .21 .11
Medium .22 .16 .06
Brand B
Soft .42 .02 .40
Normal .53 .01 .52
Hard .53 .04 .49
Brand C .
Extre soft .23 .09 .14
Soft .19 <17 .02
Normal .24 «18 .09
Modium .27 .25 .02
Hard .23 .11 L12
Extra hard .26 .20 .06
Breand D
Soft .39 .23 .16
Normal .38 .26 La3e
Medium .41 .29 s ¢
Hard .38 .25 .13
Brand unknown .22 .21 .01
Matte surfaces
Brand A
Extra soft .29 .27 .02
Hard .21 16, .08
Double weight regular papers
Glossy surfece
Brand A
Normal .28 .12 .16
Hard .27 .10 17
Matte surfaces
Brand A
Soft .34 .14 .20
Normel .30 .10 .20
Medium .32 .09 .23
Hard .28 .12 .16
Extre hard .35 .07 ot
Brand B
Normel 40 .34 .08
Brand unknown
.39 .13 .26
.22 .12 «10
8pecial aero mapping papers
# Brandmx,-nb.oublc weight .02 .01 .01
Brand Y-Single weight 44 .29 .18
Double weight .13 .12 .01

LS
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DIRECTIONS) RANGED FROM ,01% To +35%. FOUR SAMPLES HAD A DIFFERENTIAL SHRINK=
AGE OF ABOUT J15-.50%, NINE SAMPLES HAD A DIFFERENTIAL SHRINKAGE OF .03% oR
LESs (EXCLUSIVE OF THE THREE PAPERS MENTIONED ABOVE WITH LOW MAXIMUM SHRINKAGE)

SUMMARY AND RECOMMENDATIONS

THIS INVESTIGATION SHOWS THAT, UNDER CONTROLLED CONDITIONS, FILM SHRINK=
AGE DUE TO PROCESSING IS QUITE $MALL. EVEN WITH SEVEN DAYS ACCELERATING AG~-
ING THE DIFFERENTIAL SHRINKAGE IS, WITH ONE EXCEPTION, UNDER 0,10%. Compar-
ING THE DATA IN TABLES 2 AND 3 SHOWS THAT THE SHRINKAGE IS NOTICEABLY SMALL-
ER AT 65% CONDITIONING, INFACT THE FILMS WHICH HAD THE HIGHEST DIFFERENTIAL=
SHRINKAGE AT 50% SHOW SMALL SHRINKAGE AT 65%. THIS INDIGATES THAT THE BEST
RESULTS FROM AN ACCURACY STANDPOINT COULD BE HAD IF ALL OF THE WORK WITH
FILMS IS DONE IN A ROOM CONDITIONED AT 65% RELATIVE HUMIDITY AND 72°F, A
HUMIDITY MUCH ABOVE 65% COULD NOT BE RECOMMENDED BECAUSE AT THE HIGH HUMID=
ITIES THE BEHAVIOR OF FILMS IS ERRATIC,

WiTH PHOTOGRAPHIC PAPERS THE RESULTS ARE NOT SO SATISFACTORY, IHE DIF=~
FERENTIAL SHRINKAGE IS GENERALLY ABOVE O,10%, OcCASIONALLY VERY LOW VALUES
WERE OBTAINED WITHOUT APPARENT REASON WHILE THE SAME BRAND, HAVING A DIFFER~-

ENT CONTRAST NUMBER, IS MUCH HIGHER. ANOTHER INCONSISTENCY IS THAT DOUBLE~-
WEIGHT PAPERS, AS A CLASS, HAVE LARGER DIFFERENTIAL SHRINKAGE THAN SINGLE~-
WEIGHT PAPERS. Two OF THE SPECIAL AIR MAPPING PAPERS GAVE VERY LOW SHRINK-—

AGE AND LOW DIFFERENTIAL SHRINKAGE. ONE OF THESE CONSISTS OF TWO PIEGES OF
WATERPROOFED PAPER LAMINATED WITH A SHEET OF HARD ALUMINUM ALLOY FOIL, THE
OTHER IS A CELLULOSE LACQUERED PAPER.

THE HYGROSCOPIC NATURE OF FILM AND PAPER MAKES |IT NECESSARY TO ADOPT AS
STANDARD A FIXED CONDITION OF TEMPERATURE AND MOISTURE CONTENT OF THE AIR TO
WHICH THE MATERIALS WERE SUBJECTED AT THE TIME OF TESTING. IN USE, THESE
MATERIALS ARE GENERALLY HANDLED UNDER UNCONTROLLED CONDITIONS, THEREFORE THE
SHRINKAGE VALUES GIVEN IN THIS PAPER WILL NOT BE REALIZED IN PRACTICE.

UNDOUBTEDLY, DIFFERENTIAL SHRINKAGE [N PAPER CAN BE GREATLY REDUCED,
SINCE HAND-MADE PAPER DOES NOT HAVE THIS EFFECT IT WOULD SEEM THAT PAPER MAN-
UFACTURERS MIGHT, AFTER SOME STUDY, FIND METHODS FOR LAYING THE PULP ON THE
WIRE TO PREVENT LINING UP THE FIBERS WITH THE MACHINE DIRECTION AND FOR RE=-
DUCING THE TENSION TO A MINIMUM ON THE MACHINE, THIS IS AN OLD PROBLEM, THE
CAUSE 1S KNOWN AND THE CURE SHOULD NOT BE TOO DIFFICULT FOR MODERN ENGINEERS.

WE RECOMMEND THAT THE MACHINE DIRECTION OF CUT TO SIZE FILM AND PAPER BE
IDENTIFIED BY THE MANUFACTURER, EITHER ON THE PACKAGE OR BY PRINTING ON THE
BACK IN THE CASE OF PAPER. |F THIS IS DONE THE TOTAL DIFFERENTIAL SHRINKAGE
OF THE COMBINED NEGATIVE AND PRINT OR ENLARGEMENT CAN BE KEPT AT A MINIMUM
BY HAVING THE MACHINE DIRECTION OF NEGATIVE AND POSITIVE MATERIAL AT RIGHT
ANGLES TO EACH OTHER, '

FOR EXAMPLE?

MACHINE DIRECTION PARALLEL MACHINE DIRECTION AT RIGHT ANGLES
SHRINKAGE IN PERCENT SHRINKAGE IN PERCENT
CrosswISE LENGTHWISE DiFFe. CrROSSWISE LENGTHWISE DiFF.

Nee. W42 2T .Ia A2 27 e
Pos. 23 .09 .| .09 23 %
- 65 35 .29 5 50 .0

UNDER THE RECOMMENDED CONDITIONS THE COMBINED DIFFERENTIAL SHRINKAGE OF
THE POSITIVE AND NEGATIVE MATERIAL WOULD ALWAYS BE LESS THAN THE VALUE FOR
THE MATERI AL HAVING THE GREATEST DIFFERENTI AL SHRINKAGE.

IT wWouLD APPEAR THAT ONLY NITRATE FILM IS USED IN AERIAL SURVEYING. Ni=-
TRATE FILM IS KNOWN TO BE UNSTABLE CHEMICALLY, DECOMPOSING SPONTANEOUSLY WITH
TIME, SO THAT NEGATIVES MADE ON THIS TYPE OF BASE CANNOT BE CLASSED AS PERMA=-
NENT o IN ADDITION, LARGE QUANTITIES OF NITRATE FILM CONCENTRATED IN ONE
PLACE, CONSTITUTE A SERIOUS FIRE HAZARD WITH THE CONSEQUENT DANGER TO SUCH
OFFICI AL RECORDS AND PERSONNEL AS MAY BE IN THE IMMEDIATE VICINITY. THE BET-
TER GRADES OF CELLULOSE ACETATE BASE ARE MUCH MORE STABLE CHEMICALLY THAN THE
NITRATE, BEING IN A CLASS WITH HIGH GRADE PAPER FROM BOTH FIRE HAZARD AND PER=-
MANENT STANDPOINTS, ACETATE FILM IS NOT USED IN SURVEYING BECAUSE IT I8
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BELIEVED TO HAVE INFERIOR SHRINKAGE CHARACTERISTICS., WE ARE UNABLE TO FIND
ANY RELIABLE DATA ON THIS POINT AND WOULD RECOMMEND THAT A STUDY, SIMILAR TO
THAT @IVEN IN THIS REPORT, BE MADE ON ACETATE FILM, CONSIDERING THE LACK OF
PERMANENCE AND THE HAZARD IN STORING NITRATE FILM, TOGETHER WITH THE GOOD BE-
HAVIOR OF TWO SAMPLES OF ACETATE CUT FILM GIVEN IN TABLE 3 (LAST TWO FILMS),
IT SEEMS THAT FURTHER ATTENTION TO THIS KIND OF FILM IS WARRANTED.

A NEW STEREQSCOPIC DEVICE
sy DAVID GORDON

AN INTERESTING STEREOSCoPIC DEVICE (U, S. PaTtent No. 1,987,821) was
DEMONSTRATED IN WASHINGTON RECENTLY., |T CONSISTS OF A SMALL PHOTOGRAPH SUCH
AS OBTAINED WITHAMINIATURE CAMERA, HELD CLOSE TO ONE EYE AND VIEWED THROUGH
A LENS FOR PROPER FOCUS WHILE THE OTHER EYE VIEWS A NATURAL SCENE OR ANOTHER
LARGER PHOTOGRAPH FROM A DIFFERENT VIEWPOINT, THE LARGE AND SMALL PHOTO=-
GRAPHS MUST OF COURSE BE TAKEN FROM DIFFERENT VIEWPOINTS BUT WHEN LENS AND
SMALL PHOTOGRAPH ARE PROPERLY ADJUSTED THE IMAGE FROM IT FUSES WITH THE LARGE
SCALE VIEW AND STRONG STEREOSCOPIC RELIEF 1S OBSERVED,

MANY APPLICATIONS WERE CITED., A SMALL PHOTOGRAPH MAY BE TAKEN AT SOME
DISTANCE TO THE RIGHT OF THE CUSTOMARY VIEW OF A SCENE, WHICH WHEN VIEWED
THROUGH THE DEVIGCE WILL STAND OUT IN STRONG STEREOSCOPIC RELIEF, THE DEVICE
MAY BE USED FOR PHANTOM EFFECTS., FOR EXAMPLE THE SMALL PHOTO MAY SHOW THE
INTERIOR OF A MACHINE AND THE LARGE PHOTO OR DIRECT VIEW ITS EXTERIOR., I[N
THIS WAY THE OUTSIDE AND INSIDE OF THE MACHINE CAN BE SEEN IN PHANTOM EFFECT
AT THE SAME TIME, A CLOSE COMPARISON OF DUPLICATES OF VARIOUS SORTS BY WHICH
SMALL DIFFERENCES CAN BE APPRECIATED IS ANOTHER APPLICATION,

MiCRO=-PHOTOGRAPHS MAY BE VIEWED WITH ONE EYE AND THE OBJECTS THEMSELVES
THROUGH THE MICROSCOPE WITH THE OTHER, VERY SLIGHT MOTIONS BECOME PERCEPT=-
IBLE OR BY SHIFTING THE VIEWPOINT THE STEREOSCOPIC RELIEF MAY BE EXAGGERATED
AS DESIRED,

THE HILLS AND CRATERS OF THE MOON MAY BE PERCEIVED IN STRONG STEREOSCOP-
IC RELIEF WHILE LOOKING THROUGH A TELESCOPE WITH ONE EYE AND THE DEVICE WITH
A SUITABLE PHOTO WITH THE OTHER.,

IT IS INTERESTING THAT THE SMALL PHOTOGRAPH MAY BE THE USUAL BLACK,
GRAYS AND WHITE, BUT IF THE LARGE PHOTOGRAPH OR NATURAL SCENE IS IN COLORS,
COLORED FUSED IMAGE IN STEREOSCOPIC RELIEF |S PERCEIVED,




