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DIMENSIONAL CHANGES IN AERIAL PHOTOGRAPHIC FILMS AND PAPERS

BY RAYMOND DAVIS AND 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. BOTH FILMS AND

PAPERS ARE SUBJECT TO A SHRINKAGE FROM PROCESSING. THESE MATERIALS ARE HYGRO­

SCOPIC~ OONSEQUENTLY THEIR DIMENSIONS CHANGE WITH THE MOISTURE CONTENT OF THE

AIR. UIMENSIONAL 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. THIS SHRINKAGE IS

I LLUSTRATED BY ACCELERATED AG I NG TESTS AT 120 0 F COVER I NG A PER I OD OF 32 DAYS.

Two NEW INSTRUMENTS FORMEASURING 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.

INTRODUCTION

PHOTOGRAPHIC FILMS AND PAPERS ARE NOT STABLE WITH REGARD TO THEIR DIMEN­

SIONAL CHARACTERISTICS. IT IS WELL KNOWN THAT THESE MATERIALS NOT ONLY CHANGE

THEIR DIMENSIONS WITHACHANGE IN MOISTURE CONTENT WHICH TENDS TO FOLLOW SIM-

I LAR CHANGES I N THE ATMOSPHERE, BUT ARE SUBJECT TO SHRI NKAGE 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 ITS MAG­

N I TUDE KNOWN, AS A CHANGE OF SCALE I S ALL THAT WOULD BE NEEDED FOR CORRECT­

ION. THE ACTUAL CASE IS COMPLICATED BY THE FACT THAT BOTH PAPERS AND FILMS

SHRINK MORE IN ONE DIRECTION THAN IN THE OTHER. BOTH PAPER AND CELLULOID 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 IN-

COMPLETE DATA ON THE MAGNITUDE OF THE EFFECTS OF MOISTURE AND PROCESSING UN­

DER CONTROLLED CONDITIONS HAVE BEEN AVAILABLE. DURING THE LAST FEW YEARS,
AERIAL 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 IS DESIRED CONSIDERABLE DIFFIOULTY HAS BEEN EN­

COUNTEREDINOBTAINING THESE MATERIALS WITH SATISFAOTORY SHRINKAGE CHARAOTER­

ISTICS. THE BETTER AERIAL CAME'RASAREFITTED WITH LENSES WHICH HAVE BEEN SE-

LECTED WITH A MINIMUM OF DISTORTION. THE MAGNITUDE OF DISTORTION FOR THESE

LENSES I S OF THE ORDER OF 0.04 MM AT THE EDGE OF A 22.9 x 22.9 CM (9" X 9")
PLATE. THIS VALUE AMOUNTS TO 0.035%. IN FILMS THE DISTORTION IS MEASURED

BY THE DIFFERENCE IN SHRINKAGE EXPRESSED INPERCENT IN THE TWO DIREOTIONS AND

IS CALLED "DIFFERENTIAL SHRINKAGE." THE DIF"FERENTIAL SHRINKAGE IN FILMS

SHOULD NOT EXCEED THE DISTORTION OF THE LENSES, THAT IS, 0.035%.

MATERIALS

THE AMER,ICAN SOCIETY OF PHOTOGRAMMETRY THROUGH ITS PRESIDENT, COLONEL

H. H. BLEE, UNDERTOOK THE TASK OF SECURING FILM AND PAPER SAMPLES FROM PHOTO­

GRAPHIO MANUFACTURERS, GOVERNMENTAL AGENCIES AND PRIVATELY OPERATED AERIAL

SURVEYING SERVICES. THE FILM AND PAPER SAMPLES TESTED ARE REPRESENTATIVE OF

THOSE IN CURRENT USE FOR A~RIAL MAPPING WITH THE EXOEPTION OF TWO SAMPLES OF

CUT FILM, ONE OF WHICH WAS EXPERIMENTAL. FROM TWO TO EIGHT SAMPLES OF EACH

BRA N 0 0 I" F I L),1 WERE T EST ED, E A C H SAM P L E BEl NG FRO MAD IFF ERE N T LOT 0 F THE S M;l E

TRADE NAME. THE DIFFERENT SAMPLES OF THE SAME BRAND ARE GROUPED TOGETHER IN

THE TABLES. FROM THESE GROUPS AN IDEA CAN BE HAD OF THE UNIFORMITY OF THE

PRODUCT. IN ALL, 24 SEPARATE LOTS OF FI LM WERE TESTED AND WI TH THE EXCEPTION

OF TWO SAMPLES ALL WERE ON A NITRATE BASE.

MOST OF THE PAPERS SUBMITTED WERE REGULAR PHOTOGRAPHIC PAPERS. IN ALL

THERE WERE 57 ITEMS OF WHICH ONLY EIGHT WERE MARKED SPECIAL LOW SHRINK OR

AERO MAPPING PAPERS.

ApPARATUS AND METHODS OF MEASURING SHRINKAGE

ApPARATUS SU I TABLE FOR MEASUR I NG FILM SHR I NKAGE MAY BE OF TWO GENERAL
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Figure I
Pin gage, with strip of film in place

for measur emell t

Figure 2
Pin gage removed from its case

A - Fixed pin ~ - Dial gage
B - Movable pin G - Anchor block for H
C - Face pIa te H - Duraillininum rocl for
D - suspension bridge temperature compen-
E - FI exure pia te sat ion

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. THE OPTICAL DEVICES GENERALLY USED CON­

SIST or EITHER AMICROMETER MICROSCOPE'ACTUATED BY A CALIBRATED SCREW SUCH AS

rOR MEASURING LINE SPECTRUM NEGATIVES, OR THE COMPARATOR TYPE or 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

I-MPORTANT DRAWBACK IN A LARGE NUMBER OF MEASUREMENTS. RAPID AND CONVENIENT

MEANS or 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

QPTICAL 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 I MAGE I S USED I N THE MEASUREMENTS. ,
THE PROCEDURE WITH THE PIN GAGE IS AS FOLLOWS: STRIPS TWO INCHES WIDE

AND 10 INCHES LONG ARE CUT FROM THE FI LM FOR LENGTHWI SE SAMPLES. CROSSWI SE

SAMPLES ARE CUT THE SAME WIDTH BUT ARE 9-1/2 INCHES LONG, THIS LATTER BEING

THE F U L L WID THO F 24- C EN TIM E T ERA E R I A L F I L M • THE 0 IFF ERE N C E I N LEN G T H S E R V E S

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

or HOLES 1/4 INCH IN DIAMETER AND EIGHT INCHES APART AS ILLUSTRATED I.N FIG-

URE I, OR FIVE INCHES APART FOR USE WITH A 5-INCH GAGE IN THE CASE OF NARROW

r I LM.
THE PUNCHED FILM IS MEASURED ON THE PIN GAGE AND THE READINGS RECORDED.

THE SAMPLES ARE THEN DEVELOPED, FIXED, WASHED AND DRIED, AND RETURNED TO THE

CONDITIONING ROOM. AFTER RECONDITIONING FOR THE PRESCRIBED TIME, THEY ARE

AGAIN MEASURED,WITH THE PIN GAGE. THE DIFFERENCE BETWE"EN THE PIN GAGE READ­

I N G S B E r 0 REA N 0 ArT EROE VEL 0 PIN G G I VEST H E 0 I MEN S ION A L C HAN G E 0 UE TOP ROC E S. S ­

ING.
THE 8-INCH PIN GAGE, REMOVED FROM ITS CASE, IS ILLUSTRATED IN FIGURE 2.

IN THIS, A AND B ARE STEEL PINS 1/4 INCH IN DIAMETER WITH ROUNDED ENDS. PIN

A IS rlXED TO THE HEAVY STEEL rACE PLATE C AT A DISTANCE or 7-3/4 INCHES FROM

PIN B, OUTSIDE MEASURE BEING EIGHT INCHES. PIN B PASSES THROUGH A SLOT IN

TH£ rACE PLATE AND IS rASTENED TO A SUSPENSION BRIDGE D IMMEDIATELY BELOW.

THE BRIDGE SUPPORTING THIS MOVABLE PIN B IS SUSPENDED rROM THE UNDERSIDE or

THE FACE PLATE BY TWO SPRING STEEL FLEXURE PLATES E AND E', 0.005 INCHES

THICK, ONE AT EACH END, WHICH PERMITS THE BRIDGE SUPPORTING THE MOVABLE PIN

TO MOVE TOWARD AND AWAY FROM THE FIXED PIN, A TOTAL DISTANCE or APPROXIMATE­

LY 1/10 INCH. A DIAL GAGE F FASTENED TO THE UNDERSIDE or THE FACE PLATE IS

CONNECTED TO THE SUSPENSION BRIDGE AT THE POINT G BY A METAL ROD H. THE rACE

PLATE AND BRIDGE IS MADE OF STEEL AND THE ROD H IS DURALUMINUM or 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 rEATURE WAS INCORPORATED IN THE DESIGN. A COIL

SPRING (NOT SHOWN IN FIGURE 2) FASTENED TO THE FACE PLATE AND SUSPENSION

BRIDGE MAINTAINS TENSION or ABOUT 75 GRAMS ON THE SAMPLE PLACED OVER THE PI NS.

THE HOLES IN THE FILM WERE MADE WITHAPUNCH (FIGURE3) DESIGNED FOR ...THE PUR­

POSE. THE LEVER BAR AND PUNCH PIN WERE rROM A HUMMER PAPER PUNCH. THE PUNCH

WAS MACHINED TO SPECIFIED DIMENSIONS, AND HARDENED STEEL DIES MADE TO FIT

WERE IMBEDDED IN THE STEEL BASE PLATE. THI S PUNCH MAKES CLEAN HOLES FOR EI-

THER 5-INCH OR 8-INCH GAGE LENGTHS. A METAL PLATE (NOT SHOWN) MAY BE USED TO

KEEP THE FILM FLAT DURINGTHEPUNCHING OPERATION. SINCE THE FILM IS MEASURED

ArTER PUNCHING AND BErORE PROCESSING, HIGH ACCURACY IN THE SPACING OF THE

HOLES IS UNNECESSARY; HOWEVER, Ir CARE IS TAKEN, EXCELLENT REPRODUCIBILITY

CAN BE OBTAINED.

ORDINARILY 30 TEST STRIPS WERE CUT rROM EACH ROLL OF AERO rlLM TESTED,

(5 CUT CROSSWISE AND 15 LENGTHWISE. ONE GROUP OF STRIPS, FIVE IN EACH DIR-

ECTION, WAS LErT UNPROCESSED IN THE CONDITIONING ROOM AS A CONTROL. THE PRO­

CESSED SAMPLES WE.RE FIRST CONDITIONED AS MENTIONED, DEVELOPED I'N TRAYS FOR 3

d



7igur e 4
The optical gage
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Figur es 5 and 6
Patterns observed in the eyepiece of the optical gage

\A is imaged by the fixed objective, B by the movabie one)

-
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l1igur e 7
Portion of a print from a negative of the ruled glass grid
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MINUTES IN. A METOL-HYDROQUINONE DEVELOPER, RINSED IN A DILUTE ACETIC ACID

SHORT STOP BATH, FIXED 12 TO 15 MINUTES IN AN ACID HARDENING FIXING BATH,

WASHED 30 MINUTES TO AN HOUR IN RUNNING WATER, AND HUNG UP TO DRY IN THE UN­

CONTROLLED ATMOSPHERE OF THE LABORATORY. WHEN DRY THEY WERE RETURNED TO THE

CONDITIONING ROOM, CONDITIONED FOR THE PRESCRIBED TIME AND REMEASURED ALONG

WITHTHECONTROL STRIPS, TODETERMINE THE SHRINKAGE DUETOPROCESSING. A THIRD

GROUP OF FILM STRIPS, CUT, PUNCHED. PROCESSED AND MEASURED AS BEFORE WERE

PLACED IN A PAPER tNVElOPE (TO PREVENT EXCESSIVE CURLING) IN AN OVEN MAIN-

TAINEDAT 120°F (49°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

P HOT 0 GRAP H I CPA PER S T H I'S PRO CEO U R E WAS NOT SAT I S I" ACT 0 R Y • PAP E R I S NOT SUI" I" I C­

lEN T L Y I" LEX I B LEN0 ROO E SIT H A VET HEM E C HAN I CAL S T R ENG THO R WEAR RES 1ST A NC E

TO GIVE GOOD REPRODUCIBILITY. USINGTHEMECHANICAL PRINCIPLESOFTHE PIN GAGE

AN OPTICAL EXTENSOMETER WAS DESIGNED FOR MEASURI NG PAPER SHRINKAGE. THIS

I NSTRUMENT I S SHOWN I N I" I GURE 4. ,THE BOX CONTA I NS A MECHAN ISM S I MILAR TO THE

PIN GAGE E'XCEPT THAT THE TWO PINS ARE REPLACED WITH TWO 32 MM MICRO-TESSAR

OBJECTIVES, ONE MOVABLE AND THE OTHER FIXED. THESE LENSES ARE IN FIXED FOCUS

ON THE UPPER SURFACE OF THE PLATE GLASS TOP OF THE INSTRUMENT. THE GLASS IS

PAINTED BLACK ON THE UNDERSIDE EXCEPT FOR TWO RECTANGULAR PATCHES IMMEDIATE­

L Y ABO VETH E 0 B J E C T I V E S • By M E'A N SOl" P R ISM S THE B E AM S I" ROM THE LEN S E S 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 MI CROMETER I S I" I TTED TO MOVE AND MEASURE THE LENS 01 SPLACEMENT AND ON THE

OTHER END OF THE BOX IS A DIAL GAGE, WHICH ALSO INDICATES THE POSITIONOF'THE

LENS. EITHER MICROMETER OR DIAL GAGE MAY BE READ; HOWEVER, THO DIAL GAGE,

WH I LE SL IGHTLY LESS ACCURATE THAN THE MI CROMETER I S PREFERABLE BECAUSE OF

EASE OF' READING. THE GAGE LENGTH OF THIS INSTRUMENl (DISTANCE BETWEEN LENSES)

IS SIX INCHES. To ILLUSTRATE THE OPERATION OF THE INSTRUMENT: IF 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 F'I ELD 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. IF THE MICROMETER SCREW IS TURNED

IN THE PROPE~ DIRECTION LINE B WILL BE MOVED INTO COINCIDENCE WITH LINE A AS

SHOWN IN FIGURE 6. THE MAGNIFICATION HERE IS 10 DIAMETERS. THE OBVIOUS AD­

VANTAGE OF THIS INSTRUMENT, WHERE BOTH FIELDS ARE SEEN IN A SINGLE EYEPIECE,

OVER THE USUAL COMPARATORS IS THAT A SINGLE SETTING IS SUFFICIENT. COMPAR-

ATORS ORDINARI LY REQU IRE SEPARATE SETTINGS ON THE TWO REFERENCE LI NES. MATCH-

ING ENDS OF LINES AS IN THE PRESENT I NSTRUMENT, 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 DE1'ERMINE 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 CONSISTI NG OF

FINE LINES SPACED 1/2 INCH, AS SHOWN IN FIGURE 7. AFTER DEVELOPING, FIXING,

WASHING, AND DRYING, THE SAMPLE IS RECONDI TIONED 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 SIX DIFFERENT POSITIONS, THREE LENGTHWISE AND THREE CROSSWISE. WITH 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 GRID. 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 ANDTOAVOID DAMAGE TO THE

FILM CAREFUL HANDLING IS NECESSARY. THE MANNER OF PLACING THE FILM ON THE

P(YI ~TS AND REMOV IlliG I TIS IMPORTANT. THE STR I P SHOULD BE GR~SPED By THE ENDS

BETWEEN FINGER AND THUMB, THE EMULSION SIDE UP, HELD UNDER TENSION, AND



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 F'N~ER
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
INCH. 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. THESE OPERATIONS CONSUME ONLY ABOUT 10 SECONDS.

THE STRIPS ARE KEPT HANGING UP SEVERAL FEET AWAY FROM THE OBSERVER EX-

CEPT DURING THE ACTUAL OPERATIONS OF MEASURf;MENT, SO THAT THE EFFECT OF MOIS­

TURE FROM THE OBSERVER'S BREATH AND BODY ON THEIR DIMENSIONS WILL BE SMALL.

THE Z E ROO F THE PIN GAG E S H 0 U LOB E C H E C KED E AC H TIM E A S E R I E S 0 F MEA S U R.E MEN T S

IS MADE BY NOTING THE READINGS ON THE DIAL GAGE WHEN THE MOVABLE PIN IS DIS­

PLACED TO ITS IMPOSED LIMITS. INTHE PRESENT STUDY THESE READINGS NEVER VARY

BY MORE THAN 0.0002 OF AN INCH, SO NO ZERO CORRECTION WAS EVER FOUND NECESS­

ARY.

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 DAYS. THE DEVIATION OF THE CHANGE IN SPACING FROM THE INIT­

IAL MEASUREMENT FROM THE AVERAGE CHANGE BETWEEN 10 PAIRS OF HOLES MEASURED AT

THE SAME TIME WAS RECORDED. THERE WERE 70 SUCH DETERMINATIONS IN EACH DIREC-

T ION. THE R. M. S. PROBABLE ERROR OF A SINGLE MEASUREMENT WAS DER I VED AS

0.00018 INCH IN THE CROSSWiSE AND 0.00016 IN THE LENGTHWISE DIRECTION. BASED

ON A DISTANCE OF EIGHT INCHES BETWEEN HOLES THESE ARE 0.0022 AND 0.0020 PER­

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

PREV I OU SLY MENT I ONED, 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 240 INDIVIDUAL MEASURE-

MENTS, THE PROBABLE ERROR HERE WAS 0.00009 I NCH, OR 0.0015 PERCENT OF THE

6-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 I NSTRUMENTS 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 GROUP OF 10 STRIPS OF FILM
WAS HUNG ON A LINE FOR 24 HOURS IN THE CONDITIONING ROOM, MEASURED AND RE­

HUNG. A 40-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 24 HOURS THE FILMS WERE AGAIN MEASURED. THE

PROBABLE FLUCTUATIONS OF THE MEASUREMENTS WERE THEN 0.004 PERCENT CROSSWISE

AND 0.008 PERCENT LENGTHWISE IN EIGHT INCHES, FROM TWO TO FOUR TIMES THE

PROBABLE ERROR OF THE GAGES. THE PROBABLE FLUCTUATION OF THE MEASURED DIMEN­

SIONAL CHANGE OF A STRIP OF FILM DUE TO OVEN TREATMENT AT 1200 F fOR SEVEN

DAYS WAS COMPUTED FOR SEVERAL GROUPS OF 10 STR I PS OF FILM AND WAS FOUND TO BE

ABOUT 0.02 TO 0.04 PERCENT. THIS IS ABOUT 10 TO 20 TIME;s 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



THE EFFECT OF HEAT FROM THE LAMP AND MO I STURE FROM THE OBSERVER'S BODY AND

BREATH ON THE SAMPLES OF FILM. IF THESE PRECAUTIONS ARE NOT TAKEN THE FLUC­

TUATIONS WILL, OF COURSE, BE LARGER.

FILM SHRINKAGE AS A FUNCTION OF CONDITIONING TIME

IT IS WELL KNOWN THAT "PHOTOGRAPHIC FI LM CHANGES IN DIMENSION WITH CHANGE
IN MOISTUR·E 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 ROLLS 9-1)2 INCHES 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 IN

AN OVEN AT 120
0

F FOR 24 HOURS, PUT IN AN OPEN CAN AND REPLACED IN THE OVEN

FOR AN ADDITIONAL 24 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

OF 16 DAYS. 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 IN PERCENT AGAINST TIME UP TO
ABOUT SEVEN HOURS. THESE CURVES, RISING STEEPLY FOR AN HOUR OR TWO AND THEN

LEVELING OFF, SEEMTO INDICATE THAT EQUILIBRIUM IS APPROXIMATELYREACHEDWITH­

IN A FEW HOURS. HOWEVER, THIS IS NOT STRICTLY TRUE. THE RESULTS FROM ALL

THREE FILMS, SHOWN IN FIGURES 9, 10, AND II, WERE PLOTTED AS DIMENSIONAL

CHANGE IN PERCENT AGAINST THE LOGARITHM OF THE CONDITIONING TIME, UP TO 16

DAYS. THESE CURVES SHOW THAT DIMENSIONAL EQUILIBRIUM WAS NOT REACHED EVEN

AFTER TWO WEEKS' CONDITIONING, AND THAT ABOUT 100 DAYS WOULD BE REQUIRED TO

ESTABLISH EQUILIBRIUM. IT MAY BE POINTED OUT THAT THIS CHANGE IS DUE TO LACK

OF MO'ISTURE EQUILIBRIUM, AND NOTTOLOSS OF SOLVENT FROM THE FILM BASE. SUCH

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 F"ACTOR 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 48 HOURS CONDITION­

ING SHOULD BE SATISFACTORY FOR TESTING PURPOSES.

FILM SHRINKAGE AS A FUNCTION OF ACCELERATED AGING TIME

THE EFFECT OF ACCELERATED AG I NG AT 120uF FOR FROM ONE TO 32 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 48

HOURS AT 720 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 0 0, RINSED IN A DILUTE ACETIC ACID SHORT STOP BATH, FIXED FOR

12 MINUTES IN AN ACID HARDENING FIXING BATH, WASHED 30 MINUTES IN RUNNING

WATER, AND DRIED OVER NIGHT, IN THE LABORATORY. AFTER RECONDITIONING FOR 4B
HOURS AT 720 F, 65% RE~ATIVE 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 120°F (49°C) AND ONE SAMPLE FROM EACH ROLL REMOVED

AFTER ONE, TWO, FOUR, NINE, 16 AND 32 DAYS, RESPECTI VELY. EACH SAMPLE WAS

THEN RECONDITIONED AT 720 F, 65% RELATIVE HUMIDITY FOR 48 HOURS AND AGAIN

MEASURED ON THE OPTICAL GAGE.
THE SHR I NKAGE OF THE FILMS DUE ,TO OVEN TREATMENT WAS COMPUTED FROM THE

DIFFERENCE I N THE 0 I MENS I ON OF THE FILM AFTER PROCESS I NG AND AFTER OVEN TR EAT­

MENT. THE RESULTS IN FIGURE 12 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

rl
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SHRINKAGE IS SEEN TO BE GREATER IN THE CROSSWISE DIRECTION, AND THE RATE OF
SHRINKAGE IS GREATER INTHE 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 12 WAS OBTAINED
BY LEAST SQUARES. THE SAME DATA WERE ALSO PLOTTED ON A LINEAR TIME SCALE IN
FIGURE 13. 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. .

..
.20

2

o LUlITHWIIl

• '"OS'''I11:

NUMBER OF DAYS AT 120· F
4 9 16 32
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.25
o LUlInHWIS[

• CltO'UI'ISE

000 .20 .40 .60 .80 1.00 1.20 1.40 1.60

LOG. NUMBER OF OAYS AT 120·F
o 4 8 10 12 14

NUMBER or OAYS AT 120·F

16 18 20 22

Jigure 12
Illustrating the linear relation

between percent shrinkage and the
log of time in days of accelerated
aging for regular and topographic
base film.

Figure 13
The curves of figure 12 plotted on

a linear scale of accelerated aging
time in days to show that a large
shrinkage occurs during the first
day of aging.

SHRINKAGE OF AERO FILMS AS A FUNCTION OF RELATIVE HUMIDITY
IN CONNECTION WITH A SEPARATE PROJECT, THE CONDITIONING ROOM ORDINARILY

MAINTAINED AT 50% RELATIVE HUMIDITY WAS TO BE OPERATED AT A SERIES OF RELAT­
IVE HUMIDITIES. THE PROGRAM CALLED FOR PERIODS OF APPROXIMATELY A WEEK'S
DURATION AT 32%, 43%,65%,76%,86%,65% ANt) )0% RELATIVE HUMIDITY, THE TEMP­
ERATURE TO BE KEPT CONSTANT AT 720 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. SOME 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 5ROUP EITHER PROCESSED ONLY, OR PROCESSED AND GIVEN AN OVEN TREAT­
MENT AT 120 F, THEN LEFT IN THE CONDITIONING ROOM UNTIL THE START OF THE
CYCLE OF RELATIVE HUMIDITIES. THE HISTORY OF THESE FILMS PRIORTOTHESE TESTS
WAS AS FOLLOWS:

SAMPLES C AND Q: CONDITIONED AT 65% RELATIVE HUMIDITYj
UNPROCESSED FILMS CONDITIO~ED 53 DAYSj
FILMS OVEN TREATED FOR SEVEN DAYS, RECONDITIONED

42 DAYSj
FILMS OVEN TREATED FOR 14 DAYS, RECONDITIONED 35 DAYS.

SAMPLE F: CONDITIONED AT 50% RELATIVE HUMIDITYj
UNPROCESSED FILMS CONDITIONED 22 DAYSj
FILMS OVEN TREATED FOR SEVEN DAYS, RECONDITIONED I I DAYS.
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SAMPLE Gf CONDITIONED AT 50% RELATIVE HUMIDITY;

UNPROCESSED FILMS CONDITIONED 19 DAYS;

FILMS OVEN TREATED FOR SEVEN DAYS, RECONDITIONED NINE DAYS;

SAMPLE I: CONDITI'ONED AT 50% RELATIVE HUMIDITY; ,

UNPROCESSED FILMS CONDITIONED I I DAYS;

FILMS 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 0: CONDITIONED AT 50% RELATIVE HUMIDITY;

UNPROCESSED FILMS CONDITIONED 24 DAYS;

FILMS OVEN TREATED FOR SEVEN DAYS RtCOND1TIONED 15 DAYS.

12 SAM P L E S - A, B, C, H, K, N, P, Q, R, S, T, AND U:

CONDITIONED AT 50% RELATIVE HUMIDITY;

UN PRO 6 E SSE D F I L MS CON 01 TI 0 NED 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 32% 4 DAYS AT 43% 7 DAYS AT 50%
10 DAYS AT 65% 7 DAYS AT 76% 5 DAYS AT 86%
7 DAYS AT 65% 7 DAYS AT 50%

IMMEDIATELY BEFORE THE ROOM WAS CHANGED TOANEW HUMIDITY CONDITION, THE FILM

SAM P L E S WERE P LAC ED INS E ALE 0 CAN S WHER E THE Y REM A I NED U N TIL THE NEW CON 0 I T'I 0 N

HAD BEEN ESTABLISHED.

THE DIMENSIONAL CHANGES OF THE FILMS WERE COMPUTED AND TABULATED AS

CHANGE FROM THE ORIGINAL MEASUREMENTS MADE ON THE FILMS AT 50 OR 65% RELATIVE

HUMIDITIES. THE RESULTS ARE GIVEN IN TABLE r. EACH VALUE IN THE TABLE IS

THE AVERAGE OF 10 MEASUREMENTS ON THE FILM. THE RESULTS ON SIX OF THESE

FILMS WERE PLOTTED AS DIMENSIONAL CHANGE IN PERCENT AGAINST RELATIVE HUMID-

ITY IN FiGURES 14 TO 19. UNPROCESSED FIU.~S 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 14 TO

/9 AS A WHOLE 00 NOT PROPERLY FIT THIS DESCRIPTION, BUT IT MUST BE REMEMBERED

T HAT T HIS S E R I E S 0 F MEA SUR E ~1 E N T SAT 0 IFF ERE N T R E L A T I V E HUM I 0 I TIE S WAS MAD E

OVER A LONG PERIOD OF TIME (ABOUT NINE WEEKS) AND THAT THE FILMS WERE LOS-

ING SOME SOLVENT, CONStQUENTLY, SHRINKING SOMEWHAT ALL THE TIME. THE RATE

OF SHRINKAGE DUE TO THiS CAUSE IS PROBABLY NOT THE SAME AT DIFFERENT HUMID-

ITIES, AND THEREFORE, IT WOULD BE DIFFICULT TO MAKE A CORRECTION FOR IT.

THIS SHRINKAGE IS SUGGESTED IN THAT THE DESCENDING PORTIONS OF MOST OF THE

CURVES SHOWN LIE BELOW THE ASCENDING PORTIONS, INSTEAD OF ABOVE THEM AS IN

THE CASE OF HYSTERESIS CURVES OF PAPER. WITH THIS IN MIND IT CAN BE SEEN
THAT CERTA I N OF THE CURVES, SAMPLE N, F I CURE 14; THE OVEN TREATED TEST STR I PS

OF SAMPLE C, FIGURE 15; AND SAMPLE 0, FIGURE 17, ARE S-SHAPED.

AT THE 76% RELATIVE HUMIDITY AND ABOVE, MOSTOF THE CURVES SEEM ERRATIC.

IN THESE CASES, THE OBSERVED EXPANSION IS TOO HIGH, PROBABLY DUE TO THE GEL­

ATIN WHICH TAKES ON WATER MORE READI LY 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 IS ILLUSTRATED IN FIGURE 20,
WHICH SHOWS FOUR BOTTLES, EACH CONTAINING TWO STRIPS OF FILM,ONECUT 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, 11%, 37%, 77%, AND 88%. THE EMULSION

SIDES OF THE FILMS ARE TO THE RIGHT. IT WI LL BE NOTICED THAT THE FI LM CUT

LENGTHWI~E TENDS TO UNCURL AS THE HUMIDITY INCREASES. THE SAMPLE CUT CROSS­

WISE ACTUALLY BENDS BACKWARD IN THE 88% BOTTLE. AT ABOUT 65 TO 70% RELATIVE

HUMIDITY FILMS DO NOT CURL.
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J'1gure 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 i. ll~. 37~, 77%. and 88~. Tbe sample cut
lengthwise uncurls with increasing moisture.

FILM 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 1200 F (49°C) FOR SEVEN DAYS. Two SETS OF CONDITIONS WERE IM­
POSED, ONE IN WHICH THE FI LMS WERE DONCITIONED AT 50% RELATIVE HUMIDITY AND

72 0 F, AND ANOTHER IN WHICH THEY WERE CONDITIONED AT 65% RELATIVE HUMIDITY

AND 72 0
F.

FOR THE 0 E T E RMIN A T ION SAT 50% R E L A T I V E HUM I 0 I T Y, SAM P L E S WE RET A KEN FRO M

21 DIFFERENT ROLLS OF FILM, HAVING DIFFERENT EMULSION NUMBERS, REPRESENTING

SIX DiFFERENT TYPES. TEST STRIPS WERE CONDITIONED AT 50% RELATIVE HUMIDITY

AND 72 0 F FOR ONE OR TWO DAYS, MEASURED, PROCESSED, RECONDI TIONED FOR TWO DAYS,

AND REMEASURED. THEN ONE GROUp· OF FILM STR I PS WAS KEPT I N AN OVEN AT 1200 F
(49°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 HUMIDITY,

INCH SA~PLES WERE TAKEN FROM THE SAME 21 ROLLS OF FILM, AND ALSO

EACH FROM THREE 8 X 10 INCH CUT FIU1S. ONE OF THEM, SAMPLE X, IS

EMULSION ON A CELLULOSE ACETATE BASE LOADED WITH SOME MATERIAL
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WHITE AND FAIRLY OPAQUE. ITS SHRINKAGE IS ABOUT THE SAME AS LOW SHRINK BASE.

Two SEPARATE DETERMINATIONS WERE MADE. THE SAMPLES WERE CONDITIONED AT 65%

RELATIVE HUMIDITY AND 720 F IN A LIGHT-TIGHT CABINET WITH FORCED VENTILATION

FOR 64 HOURS AND 4B HOURS, RESPECTIVELY, THEN EXPOSED IN CONTACT WITH A NEG­

AT I VE OF A MAX LEVY RULED GLASS GR 10 COMPOSED OF LINES 1/2 ,INCH APART. THEY

WERE DEVELOPED 2-1/4 MINUTES I N A METOL-HYDROQU I NONE DEVELOPER, RINSED IN

DILUTE ACETIC ACID SHORT STOP BATH, FIXED 12 MINUTES, WASHED 1/2 TOONE HOUR
IN RUNN I NG WATER AND OR I EO I N THE LABORATORY. THEN THEY WER'E HUNG UP AND

CON 0 I T ION E 0 FOR 2 I AND 44 H 0 U R S , RES P E C T' I VELY, AT 65% R E L A T I V E HUM I 0 I T Y AND

720 F, AND MEASURED ON THE OPTICAL GAGE TO OBTAIN THE DIMENSIONAL CHANGE DUE

TO PROCESSING. AFTER MEASURING THE~ WERE PLACED IN THE OVEN FOR SEVEN DAYS

AT 1200 F (49°C) FOLLOWEDBYTWP DAYS RECONDITIONING AT 65% RELATIVE HUMIDtTY,

72
0
C, AND AGAIN MEASURED, TO OBTAIN THE DIMENSIONAL CHANGE DUE TO. ACCELERATED

AG I NG •
THE RESULTS OF THE MEASUREMENTS IN TABLES 2 AND 3 WERE COMPUTED AND TAB­

ULATED AS DIMENSIONAL CHANGE, IN PERCENT,. IN THE CROSSWISE DIRECTION, LENGTH­

WiSE DIRECTION AND THE DIFFERENCE 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) IS MUCH GREATER THAN TH'£ SHRINKAGE BASED ON MEASUREMENTS AT 65%

(TABLE 3). FOR iNSTANCE, AT 65% RELATIVE HUMIDITY, ALL THE SAMPLES OF AERO
FILM WOULD PASS AIR CORPS SPECIFICATION No. 310048 WITH R,ESPECT 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 IF THE SPECIFICATIONS ARE TO HAVE DEFINITE M~ANING.

THE SHRINKAGE OF THE AERO FILM ON SPECIAL LOW SHRINK BASE; JS JUST AS

LARGE AS THAT OF THE TOPOGRAPHIC AERO FILM BOTH IN AMOUN,T OF SHRINKAGE AND

DiFFERENTIAL SHRINKAGE. THE AM00NT OF SH~INKAGE IS PERHAPS A LITTLE GREATER

FOR THE SPECIAL LOW SHRINK BASE.

SHRINKAGE OF PHOTOGRAPHIC PAPERS DUE TO PROCESSING

THE EFFECT OF PROCESS I NG UPON THE D I MENS IONS or PHOTOGRAPH I C PR I NT I NG

PAPERS WAS INVESTIGATED FOR 32 DIFFERENT SAMPLES OF CONTACT PRINTING PAPERS
AND 25 DIFE.ERENT SAMPLES OF PROJECTION PAPERS. THESE WERE IN SHEETS 8 x 10

INCHES. HE PAPER SAMPLES WERE CONDITIONED IN A LIGHT-TIGHT CONDITIONING

CABINET WITH FORCED VENTILATION, FOR 24 HOURS AT 65% RELATIVE HUMIDITY, 72
0
F.

THEY WERE THEN EXPOSED)N CONTACT W'ITH THE GRID. 'THEY WERE PROCESSED AS FOL­

,LOWS: CONTACT PAPERS DEVELOPED 45 SECONDS, PROJEOTION PAPERS, 1.5 MINUTES,

R INS EO I N ACE TIC A 0 IDS H 0 RT S TOP BAT H , I" I XED ABOUTI 2 MIN UTE S , WAS H E 0 I N RUN­
N�NG WATER FOR AN HOUR, SURFACE WATER BLOTTED OFF, DRIED ON CHEESE CLOTH COV­

ERING DRYING RACKS IN UNCONTROLLED ATMOSPHERE AND RETURNED TO THE CONDITION­

ING ROOM. AFTER REOONDITIONING FOR SEVERAL DAYS AT 65% RELATIVE HUMIDITY

AND 72 0 F THE PAPERS WERE MEASURED ON THE OPTICAL GAGE. 'THE DISTANCE BETWEEN

THE LINES S I X I NCHES APART WAS MEASURE'D AT THE CENTER, AND ALSO ABOUT ONE

INOH FROM EACH EDGE, IN BOTH DIRECTIONS, CROSSWiSE AND LENGTHWISE.

THE RESULTS OF THE MEASUREMENTS GIVEN IN TABLES 4 AND 5 WERE COMPUTED

AND TABULATED AS DIMENSIONAL CHANGE OF THE PAPERS IN PERCENT, DUE TO PROCESS­

ING, ALONG 'TH,e: MACHINE DIRECTION, ACROSS THEMAOHINE DIRECTION, AND THE DIFF­

ERENOE BETWEEN THE CHANGES IN THE TWO DIRECTIONS.
THE FOLLOWING PAPERS WERE 'FOUND TO HAVE VERY SMALL SHRINKAGE: BRAND Z,

A BROMIDE PAPER, IS A LAMINATED MATERIAL COMPOSED OF A SHEE'T OF HARD ALUMIN­

UM FOIL CEMENTED BETWEEN PAPER. ITS SHRINKAGE DUE TO PROCESSING WAS LESS

THAN .0/%. ONE SAMPLE WAS DR I EO I N THE OVEN AT 120
0 F FOR 24 HOURS AND RE-

MEASURED. IT SHAANK,ONLY .03% AND .01%, RESPECTIVELY, IN TWO DIRECTIONS AT
RIGHT ANGLES. BRAND X IS A WATERPROOF PAPER, MADE WITH CONTACT OR ENLARG-
MENT EMUl.SIONS. THE SHRINKAGE OF THE CONTACT AND ENLARGING PAPERS DUE TO PRO-

CESSING WAS .02%, .03% ALONG AND .01%, .02% ACROSS THE SHEET, RESPECTIVELY.
THEIR SHRINKAGE DUE TO 24 HOURS IN THE OVEN AT 120

0 F WAS .02% AND .03% ALONG

AND .07% AND .06% ACROSS THE SHEET, RESPECTIVELY.
THE REST OF THE PAPERS WERE FOUND TO HAVE A MAXIMUM SHRINKAGE RANGING

FROM ABOUT .20% TO .50%, FOUR PAPERS BEING IN EXCESS OF .50%. THE DIFFERENT­
IAL SHRINKAGE OF THE PAPERS, (I. E., THE DIFFERENCE IN SHRINKAGE IN TWO



4.8

TAllIE 1.- (Cont1l1ued)

IlELo\TIV! HOIIIDI T!' 3~ .~ 5~ 6~ '1~ 8~ 6~ 5~

Regular !ilm ba.e
5•. panchromatic

Infra-r.d sensltl••

SalllP1e N

Unproc....d
Crosswis. - .1~ - .115 - .060 • .~O • .098 • .1116 - .00. .1.9Lengthwlae · .1.3 - .102 - .059 • .038 • .100 • .13& · .003 - .13'1Proc.ssed
Crosswlse - .206 - .le8 - .110 - .00. • .0'12 • .119 - .0llS .182Lengthwl.e · .191 · .1"1 · .094 · .01'1 • .0'16 • .119 - .033 - .le6

Topograpblc fllm base
Ss. pancbromatic

Samp1. 0

Unproc.ssed
CrosswUe · .1'19 - .120 - .080 • .~O · .091 • .1~ • .025 - •lOllLengtbwiee - .le9 - .113 - .0'13 · .0.3 • .0911 · •IllS • .028 - .098Onn treat.d '1 d87S
Crosswlee - .231 - .18'1 - .1"1 • .02'1 • .OM • .099 • .030 - .16'L.ngthwlee · .221 - .180 - .1U • .~2 · .01& · .0'13 - .0.5 .1'111

Sample P

Unproc.ssed'
Crosswlae - .155 - .O~ - .051 • .060 • .095 · .1'16 • .O~ - .067Lenetbwise · .151 - .095 · .~8 • .086 • .130 • .201 • .085 .~8Processed
Croaswise - .215 - .151 · .102 · .025 • .085 • .1'10 • .011 • .121Lengthwise · .20'1 · .152 - .088 • .050 • .109 • .1811 • .032 - .098

Sample Q

Unprocessed
Crosswlee - .136 - .096 - .05'1 • .063 · .106 • .191 • .055 - .0511Lengthwise · .1M • .083 - .053 t .0'1'1 • .119 • .192 • .OU - .~OProcsseed
Crosswlee - .11" - .1'11 - .100 • .~5 + .108 • .1'18 · .023 - .095L.ngthwise - .205 - .1U - .09'1 • .~6 • .103 • .1U • .01'1 - .101

Unproo....4
Oro..wi •• -O.U& -0.182 -O.lU -0.00. • 0.~9 .O.U• .0.00'1 -0.111
Lengtbwi.. - .221 - .1'1' - .118 - .011 • .0llS • .112 - .007 -.126

O••n tr.ate4 '1487·
Cros.wla. - .290 - .2&2 - .1~ - .~7 • .O~ • .065 - .~& - .188
Lengthwi.. - .29& - .t60 - .20& - .0'19 - .030 • .022 - .081 - .21ft

CTu tr.ata4 U .
Oro••wia. • .2911 -.261 -.19'1 - .0" • .00& • .070 - .0511 - .190
Lengthwi.. · .296 · .261 - .211 - .082 - .031 • .01'1 - .091 · .211

Sulpla R

Unproc....4
Cro..wh. - .1&1 - .108 - .~. • .080 • .135 • .210 • .089 - .0.8
Lengthwh. - .UO - .086 - .0.5 • .0'11 • .122 • .190 • .062 - .O~

Proo....d
Cro..wla. - .213 - .16'1 - .093 • .0.0 • .120 • .19' • .032 - .10'1
Lengthwb. • '.200 - .1.e - .oae • .~ll • .1~ • .169 · .020 - .100

),lDe lraln panohroaatl0.

S8lllPla 8

ODproo....4
.~8 .os'1 .~5Cro••wlee - .138 - .O~ - • .068 • .115 • .21' • -L.ngthwi.. - .135 - .090 - .~9 • .038 • .108 • .189 • .062 - .O~

Proc....",
Crosewi•• · .193 - .1'2 - .082 · •0.0 · .106 · .202 ·.~.- .09&
Lengthwl•• · .190 - .1'0 · .089 • .0311 · .088 · .1'1' • .018 - .103

lAw abrillkaS. tu.
a•. paDObraaatlo

8eapla T

ODproc....4
.132Cro..wi •• - .148 - .098 · .0'15 • .~2 • .095 • .1;19 · .00. -Lengthwie. • .1U - .0" · .0'11 • .0&1 · .108 • .151 · .0111 • .11&

Proc....",
Cro••wi•• · .119 - .1'10 - .1M • .012 .' .0&& · .130 - .036 - .1S'1
Lell8thwl.. - .2l!8 - .1'1'1 - .1.0 · .018 · .084 · .123 - .036 - .1'1'1

Sulple tJ

ODproO••••",
.150 .09'1 .065 .055 .093 .1'5 • .005 .124Cro..wle. - - - · • · -

Lell8tbw1s • - .166 - .109 · .0'1'1 · .068 · .106 · .138 · .02'1 - .099
Pro0.".'"

.046 .188Cro••wh. · .226 · .1'1' - .135 · .011 • .0'14 .116 - ·
L.ngthwl•• · .238 - .182 · .1M · .024 · .081 .12'1 - .026 - .165
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TABU: 1.- DDIENSIONAL CllANGE OF nUlS IN Pill CENT AS A P'UHCTION

OF RELATIVE lfUHIDM

RELATIVE IlUHIDI'l'Y 32" 43" ll~ 6~ '1~ 86" 6~ II~

R.gulAr film bas.
S •• pane tiro... tic

SalIlpl•• A

Unproo....d
Crosewlee -0.144 -0.089 -0.049 +0.059 +0.091 +0.1115 +0.0111 -0.110
LeD8ttlwle. · .132 • .081 • .040 + .085 + .12'1 + .160 + .050 - .0'11

Proceseed
Cro..wi•• - .212 - .159 - .116 • .0111 + .0'10 + .141 - .029 - .163
L.D8ttlwis. • .166 o .133 · .085 + .0411 + .104 + .16'1 • .014 - .103

S...pl. B

Unproo....d
Cro••wb. · .1M - .111 - .063 + .053 + .082 + .146 - .001 - .133
L.nllthwi•• o .149 • .099 - .046 + .069 • .10'1 + .160 + .023 • .104

Proo.se.d
CrosswIse • .245 - .198 - .144 • .009 + .049 + .114 - .062 - .204
LeD8thw1a. o .199 - .1112 • .106 + .023 + .0'10 + .131 - .032 o .168

SalIlpl. C

Unproc.se.d
Cro.nle" - .139 o .090 - .062 + .048 + .0'1'1 + .119 - .00'1 - .121
L.ngtbwise - .13'1 • .086 - .0511 + .0.,., + .114 + .1118 + .0:58 - .080

Proc.seed
Cro..wi.e o .214 - .1&5 - .1211 + .013 .063 + .112 - .036 • .1&2
Lengtbwla. · .206 - .152 • .111 + .041 .094 + .138 - .010 - .126

Unproc....d
Cro••wla. - .2811 • .238 - .184 - .0llB - .0lB + .040 - .088 - .219
L.nlltbwis. - .2'16 - .224 - .168 - .01l6 - .016 + .041 - .078 - .217

0".11 treat.d '1 d.,s
Cro...i .. - .409 - .3'12 • .321 - .193 - .119 - .0'13 - .213 - .339
L.IIlltbwle. - .382 • .344 - .301 - .181 - .1111 o .0'10 - .202. o .318

O.,.n treat.d 14 .
Crouwi•• - .426 • .383 - .3311 • .208 - .133 - .088 - .236 - .3l1B
Lellllthwle. • .382 • .346 • .29'1 - .1'16 - .11'1 - .0'13 • .212 - .321

Sample F

Unpl'O o..s.d
Cronwla. • .168 - .114 - .0'14 • .031 + .061 .109 - .015 - .151
L.D8tbwis. - .144 - .092 - .0llB + .056 + .095 .144 + .023 - .116

0".11 tr••ted 7 d.:rs
Cro.swis. • .260 - .216 · .184 - .0'11 o .025 .035 - .098 - .216
LeD8thwi•• 0 .21'1 - .174 - .137 o .041 ••002 .062 - .062 - .187

Sampl. G

Ullpl'Oc....d
Croaawis. - .224 - .195 • .130 • .024 + .052 + .135 - .046 - .23'1
LellllthWU. • .216 - .189 - .122 + .011 + .056 + .146 - .02'1 - .211

O"en tre. tad '1 daya
Crosswise • .377 - .342 - .285 - .151 - .0'18 + .023 - .156 - .328
Lene;ttlwla. - .336 - .305 - .251 - .130 - .066 + .039 • .136 - .29'1

Sample B

Unproo....d
.082 .136 .005 - .130Cro..wise - .154 - .115 • .055 + .044 . +

Lene;tbwiae • .143 - .103 - .040 + .08'1 .140 + .190 + .0'10 - .06'1
Proc••aed

CroBSwla. - .216 • .1'14 - .112 .00'1 + .0611 + .132 • .039 • .1ell
L.ngtbwls. • .199 - .160 - .083 .048 + .114 + .1'14 + .011 - .130

SalIlpl. I

Ullproo....d
Crosswise -0.141 -0.103 -0.038 .0.63 +0.121 +0.211 .0.07'1 -0.084
Lell8tbwl.s - .121 - .086 - .023 + .085 + .1119 + .!ll + .091 • .018

0.,.11 tr.at.d '1 days
Crosewls. - .192 - .155 - .089 + ·012 + .0'18 + .l8ll + .0211 - .1De
Lengtbwls. • .1114 - .U8 - .068 + .o:n + .080 + .1'16 + .028 - .090

Sample J

Unproo.se.d
Crosswise - .145 - .106 - .053 + .0llB + .115 + .1'18 + .068 - .0ll8
L.ngthwla. - .124 - .080 0 .030 + .092 + .143 + .201 + .OM - .026

OV.II tr."tad 7 day"
CroeBwise - .202 - .1llB - .100 + .012 .0'16 + .153 + .020 - .113
L.ngtbwla. - .164 - .108 o .060 + .0311 .082 + •I'll + .030 - .089

sample K

Ullproo....d
Cros.wis. - .190 o .13'1 o .08'1 + .038 + .090 + .193 - .003 - .064
LeDllttlwla" - .144 - .108 - .059 + .043 + .082 + .148 + .004 - .123

Proc••sed
·Crosewla. • .261 - .20'1 - .151 • .006 + .081 + .160 - .01l5 - .241
L.D8thwi•• - .191 - .11l6 - .101 + .019 + .061 + .12'1 - .039 - .1'14

d
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'UII.& 2.- JSIl aarr lIIJlDDGI ,. ADO DPPDIO l"JDI ~ 3.- m C.'1' fllllIBUCZ OF AIRO IW"PIXG nUl
CoD41tlo•• a~ llOl' ••B•• 'l'aav-r.otuft on"J' C0D41tioaa4 a~ 6~ ••B•• '1'_pera~ure '72"'

'1'J'pe ot t11a hoo...1as lilly hoc."1111 u4 0_ hooeae1q on1)' hoo."111& ...4 on..
treataeDt at 1zo.J trea~t at 120"'

Cro••- LeqUl- Ditter- Cree.- LeD&Ul- Ditter- Cro..- LeqUl- D1tt.r- Croes- tellf:tl1- Ditter-
wi. wi. ''F' J!1" ~ .. wi" wi.. .., .11. .11. 'PR'

a.suler t1la lIa.. a.su1er t11. b•••
Se. pecllrouUo Be. peollro..tio

Saap1e A 0.0'7 O.ot! 0.02 0.14 0.011 O.Oll Sulp1e A O.a:! 0.04 0.02 0.14 0.14 0.00
• B .11 .0'7 .04 .1' .15.02 • B •a:! .02 .01 .13.11 .02

C .08.06 .02 .20 .14.06 • C .02.02.00 .14 .13 .01
D .08.a:! .Oll .34.n.O'1 • D .ot!.OS .02 .20.18 .02

• & .01 +.OS .04 .n .2'7 • III .! .05.02.03 .18 .1'7 .01
., .00.OS .02 .16.11.OS ., .02.OS .01 .10.12 .02

G .04 .02 .02 .24.1I!.02 • G .02 .01 .01 .19.18 .01
B .09 .0'7 .02 .16 .10.06 • B • a:! .00.a:! '12.08.04

I .01.00 .01 .0'1.06 .02 • I .02.00 .02 .06.08.02
1 .03 .00 .OS .10.06.04 • 1 .00 .01 .01 .06 .0'7 .01
I .10.0'1 .03 •II! .18.04 • I +.01 .01 .02 .14.12 .02
t .00 .01 .01 .18 .16.02 • L ._ .02.- .- .10
II .- .01.- .- .25.- • II ._ .02.- .-.19

Wra-re4 ••nel~h. IDtre-ra4 .enelU.e

Scple R .0'7.06 .01 .15.13 .02 Saaple Ii .02.02.00 .11.11.00

'1'opogr.pI110 tlla ba.. '1'oposreplllc t11a ba..
s •• peDcIlro_ tio 5.. pe..cllrouUc

S-ple 0 .03 .OS .00 .13 .13 .00 Saple 0 .00 .02 .02 .08 .09 .01
• P .08 .0'7 .01 .14.09.0:1 • P .01 .01.00 .08.09 .01

q .06 .06 .00 .11 .09.02 • q .00 .01 .01 .05.08.03
a .08 .0'7 .01 .10 .10.00 • a .01 .01.00 .06.08 .02

FIDe gralD peDcIlr.-tlc FIDe graln paDollroaa~10

Sellple S .06 .0'7 .01 .10 .10 .00 ~ple S ••01 .01 .02 .05 .0'7 .02

Low aIlrl Die b..e Low .Ilr iDIc lIa.e
5.. peollroa t1 0 a.. p.DoIlrou tio

Semple '1' .0'7 .08 .01 .18.14 .04 Saple '1' .00.02 .02 .10.11 .01
• t1 .0'7 .08 .01 .18 .15.OS • t1 .01.02 .01 .10.11 .01

Nl~rate cut tna
Ortllocl1ro_tlc prea.

Saaple V .13.11 .02 .lIl .45 .06

sate~, cut tna
Ortllocllro..~1 cpr•••

Suple. 01.00 .01 .11.11.00

J:zpar1ae..ul .at.t, cut fila

Beaple X .01 .01.00 .11 .10 .01



TABU 5.· PER CBIl'r SIIUIIDGJ: or IllURGIRO PAPERS

Coll4it1ozad at &~ R.II •• T••perature ?O°l'.

TAJLI ~. - PER CD!' SllRIJtXAO! 0' CalTACT PAPDlS

Conditioned at &~ R.H., Teapereture ?ooF.

Type ot pep er
Contreot-eurtece

SllriDka~e

Croeo.iee Len~th.iee Ditrer.n~e

Type at peper

Cre..wiee

Bllrinke@'e

Lengtbwiee Dltference

Sine: le weight reguLt r pepera

Brand E
lied lUll

Brand ,
lIedlue Semi-matte

Brand 0
lIe41 \III Seml-_ tte

• Oloaay
• Extra herd

Brand unIl:nown
OlOll a,.

Double weigbt regula r papera

Bnnd B
lIedi\llll IIett.
Hard

Bnnd I
Hard

arond J
80tt IIatte
Noral •
11.0.1\111 •
Bard •
Extre bard IIetta

Brand )(
lIadl\111l Semi-gloae
Hard •

Brend L
Hard IIette

Brend Wlknown
lied1um lie t te
Wbite Rougb IIette

Rouet IIette

Speciel eero .epping pepere

Brend W
Hard lIeU.e

Brend I
Double weight

Brand T
8ine:1. weight
Double welgbt

IIetal l ..iDllUd paper
BralA 2.

o.n
.41

.3&

.29

.tI~

.30

.41

.2?

.23

.~tI

.~9

.39

.43

.41

.~8

.~3

.35

.~

.44

.&0

.~3

.03

.44

.18

.004

0.1'1

.n

.2~

.1t1

.31

.28

.21

.24

.09

.1'1

.1'1

.11

.16

.1t1

.13

.12

.08

.33

.13

.1~

.29

.02

.25

.16

+.001

0.10

.14

.12

.14

.23

.02

• 20
.03

.14

.28

.22

.28

.2?

.26

.35

.31

.n

.01

.31

.4&

.14

.01

.19

.02

.C05

8ill&1e ..ipt 'regular papers

010e.,. eurtecee

BrandA
Ixtre eott
Noral
lied 1\III

Brand B
Sott
Nora!
Bard

Brend C _
Ixtre eott
80rt
BOrMl
lieU..
Bard
btu bud

Bran4D
Sort
KoJ'lU1
lIe4ium
lie rOo

Brand WlIalOwn

Katte eurtecee
Brend A

Extra eott
Bard

Doubl. ..ipt regular pepere

010e.,. eurte ce
Brand A

Noral
Bard

IIette aurtacee
Brand A

Sott
NOl'llllll
IIediua
Bard
J:xtra berd

Brand B
Bora1

Brand \llll<nown

Speoial aero aapping pepere
Brend I-Double weight

Brand T-61nl1e wight
Double weight

0.23
.32
.22

.42

.53

.53

.23

.19

.24

.2?

.23

.2&

.39

.38

.41

.38

.22

.29
•21

.28

.2?

.~

.30

.32

.28

.35

.~O

.39

.22

.02

.4"

.13

0.15
.21
.1&

.02

.01

.04

.09

.n

.15

.25

.11

.20

.23

.26

.29

.2t1

.21

.n

.1& •

.12

.10

.14

.10

.09

.12

.O?

.34

.13

.12

.01

.29

.12

0.08
.11
.06

.40

.tl2

.49

.14

.02

.09

.02

.12

.0&

.16
.. 12
.it
.13

.01

.02

.05

.16

.1?

.20

.20

.23

.16

.28

.0&

.24

.10

.01

.10

.01

\Jl....
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DIRECTIONS) RANGED FROM .01%TO .35%. FOUR SAMPLES HAD A DIFFERENTIAL SHRINK­

AGE OF ABOUT .45-.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 iMALL. 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, IN FACT THE FI LMS WHICH HAD THE HIGHEST DIFFERENTIAL-

SHRINKAGE AT 50% SHOW SMALL SHRINKAGE AT 65%. THIS INDICATES THAT THE BEST

RESULTS FROM AN ACCURACY STANDPO INT COULD BE HAD I F ALL OF THE WORK WITH

FILMS IS DONE IN A ROOM CONDITIONED AT 65% RELATIVE HUMIDITY AND 72 0 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. THE DIF-

FERENTIAL SHRINKAGE IS GENERALLY ABOVE 0.10%. 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 PIECES OF

WATERPROOFED PAPER LAMI NATED WI TH A SHEET OF HARD ALUMI NUM ALLOY FOI L, THE

OTHER IS A CELLULOSE LACQUEREb PAPER.

THE HYGROSCOPIC NATURE OF FI LM 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 IN PAPER CAN BE GREATLY REDUCED.

SINCE HAND-MADE PAPER DOES NOT HAVE TH I S EFFECT I T 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

DUCI NG THE TENSION TO A MINIMUM ON THE MACHINE. THIS IS AN OLD PROBLEM, THE

CAUSE IS KNOWN AND THE CURE SHOULD NOT BE TOO DIFFICULT FOR MODERN ENGINEERS.

WE RECOMMEND THAT THE MACHINE DIRECTIONOFCUT TO SIZE FILM AND PAPER BE

IDENTIFIED BY THE MANUFACTURER, EITHER ON THE PACKAGE OR ElY PRINTING ON THE

BACK IN THE CASE OF PAPER. IF 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:

OIFF.

• '5
--=.!lL

.29

MACHINE DIRECTION PARALLEL

SHRINKAGE IN PERCENT

CROSSWISE LENGTHWISE

NEG..42 .27
POSe ~ .09
~ .35

MACHINE DIRECTION AT RIGHT ANGLES

SHRINKAGE IN PERCENT

CROSSWISE LENGTHWISE OIFF.

.42 .27>-<~'.09 .26 .,

.51 .5 • I

UNDER THE RECOMMENDED CONDITIONS THE COMBINED DIFFERENTIAL SHRINKAGE OF

THE POSITIVE AND NEGATIVE MATERIAL WOULD ALWAYS BE LESS THAN THE VALUE FOR

THE MATERIAL HAVING THE GREATEST DIFFERENTIAL SHRINKAGE.

IT WOULD APPEAR THAT ONLY NITRATE FI LM 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. IN ADDITION, LARGE QUANTITIES OF NITRATE FILM CONCENTRATED IN ONE

PLACE, CONSTITUTE A SERIOUS FIRE HAZARD WITH THE CONSEQUENT DANGER TO SUCH

OFFICIAL RECORDS AND PERSONNEL AS MAY BE IN THE IMMEDIATE VICINITY. THE BET­

TER GRADES OF CELLULOSE ACETATE BASE ARE MUCH MORE STABLE CHEMI CALLY THAN THE

NITRATE, BEING INACLASS WITH HIGH GRADE PAPER FROM BOTH FIRE HAZARDANDPER-

MANENT STANDPOINTS. ACETATE FILM IS NOT USED IN SURVEYING BECAUSE IT IS
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BELIEVED TO HAVE INrERIOR SHRINKAGE CHARACTERISTICS. WE ARE UNABLE TO rIND
ANY RELIABLE DATA ON THIS POINT AND WOULD RECOMMEND THAT A STUDY, SIMILAR TO
THAT GIVEN IN THIS REPORT, BE MADE ON ACETATE rILM. CONSIDERING THE LACK Or
PERMANENCE AND THE HAZARD IN STOR I NG NITRATE FILM, TOGETHER WITH THE GOOD BE­
HAVIOR Or TWO SAMPLES Or ACETATE CUT FILM GIVEN IN TABLE 3 (LAST TWO FI LMS),
IT SEEMS THAT rURTHER ATTENTION TO THIS KINO Or rlLM IS WARRANTED.

A NEW STEREOSCOPIC DEVICE
BY DAVID GORDON

. AN INTERESTING STEREOSCOPIC DEVICE (U. S. PATENT No. 1,987,821) WAS
DEMONSTRATED IN WASHINGTON RECENTLY. IT CONSISTS Or 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 F"ROM A DlrrERENT 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 WI TH THE LARGE
SCALE VIEW AND STRONG STEREOSCOPIC RELIEF" IS OBSERVED.

MANY APPL I CAT IONS WER E C I TEO. A SMALL PHOTOGR APH MAY BE TAKEN AT SOME
DISTANCE TO THE RIGHT OF THE CUSTOMARY VIEW OF ASCENE, WHICH WHEN VIEWED
THROUGH THE DEVICE WILL STAND OUT IN STRONG STEREOSCOPIC RELIEF. THE DEVICE
MAY BE USED F"OR PHANTOM EF"FECTS. FOR EXAMPLE THE SMALL PHOTO MAY SHOW THE
INTERIOR Or A MACHINE AND THE LARGE PHOTO OR DIRECT VIEW ITS EXTERIOR. IN
THIS WAY THE OUTSIDE AND INSIDE OF" THE MACHINE CAN BE SEEN IN PHANTOM EFFECT
AT THE SAME TIME. ACLOSE COMPARISON Or DUPLICATES OF VARIOUS SORTS BY WHICH
SMALL DlrFERENCES 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 HI LLS AND CRATERS OF" THE MOON MAY BE PERCEI VED I N STRONG STEREOSCOP­
IC RELlEr WHILE LOOKING THROUGH A TELESCOPE WITH ONE EYE AND THE DEVICE WITH
A SUITABLE PHOTO WITH THE OTHER.

f TIS I NT ER EST I NG T HAT THE SMA L L PH 0 TOG RAP H MAY BET HE U SUA L BLAC K,
GRAYS AND WHITE, BUT IF THE LARGE PHOTOGRAPH OR NATURAL SCENE IS IN COLORS,
COLORED F"USED IMAGE IN STEREOSCOPIC RELIEF IS PERCEIVED.


