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. The pla ne of best average definition is located for each of several airplane-camera lenses 
USll1g two types of low contra~t test pattern and two emulsio ns. A low co ntrast pattern 
composed of da rk hnes on a bght background and the reverse pattern consist in g of light 
Jll1es on a dark background a re used. The results of measurement indicate t hat thc posit ion 
of~plane of best focu s and t he numerical magni tudes of the roo t mean product mean 
.,j Rp '1'p valu e of the reso l ving power are not s ignifican t ly a ffected by this reve rsa l of con trast 
In add it ion , the res ul ts obtained usin g low contrast targets are compared with t hose obtained 
with high cont rast targets. H ence t h e position of the' selected focal plane remains invariant 
alt hough t he valu es of the meas ured resolving power arc substantially higher for t he high 
co ntrast ta rget s. 

1. Introduction 

In specifLcaLions dealing with airplane mapping 
cameras, great emphasis is placed upon the photo
graphic resolving power of the lenses used in the 
camera. The method of measurement Lo be used 
in evaluating the resolving power is usually de cribed 
in careful terms, with the type of test chart, the 
characteristics of the registering emulsion, the 
physical conditions of test, and the manner of report
ing results all given in detail. A 1950 military 
specification, MIL-STD- 150 [1]1 attemptecl to 
establish standard practices in the evnJuation of lens 
performance. A recen t revision of this compre
hensive specification, MIL- STD- 150A [2] was issued 
in 1959. At the Washington meeting of the Inter
national Society of Photogrammetry in 1952, a 
specification dealing with the calibration of photo
grammetric cameras was adopted for trial and 
discussion [3]. 

At the time the International Specification for 
the calibration of photogrammetric cameras was 
drawn, it was not possible to standardize on a single 
type of resolving power chart. Consequently several 
were listed as suitable for use; these include the 
three-line chart used by the U.S. Ail' Force [2], the 
Cobb two-line chart used in Great Britain and the 
annulus chart used in Canada [4]. These charts 
were of low contrast except that the three-line 
chart of the Air Force was provided in both high 
and low contrast versions. The three-line chart of 
the National Bureau of Standards [5] was not included 
as it has been available for only a few months prior 
to the drawin~ of the specification and its properties 
were not widely known. 

1 Figures in brackets indicate the literature references at the end of this paper. 

In the eight years that have passed ince the 
adoption of this specification, agreement on a single 
test chart has not yet developed. A few publications 
have appeared [6, 7] that permit an estimate of the 
differences likely to be found in comparing various 
type of charts . 

Because of the differences that eA"ist among the 
various test charts used in various laboratories a 
study was initiated at the National Bureau ' of 
~taodards in which the values of resol viog power 
lor the same group of lenses were determined for 
a variety of test charts, target contmsts, and 
emulsi?ns. .The. results of this study should be 
usefulm estlmatmg the probable values of 1'esolvinO' 
power that would be obtained for a lens with ~ 
given type of chart when results are available for 
the same lens with a different type of chart. 
. Thi~ is. the concluding portion of a three part 
m.vestlga~IOn .. T.he results for the first part dealing 
wlth vanous mdlCes and methods used in locating 
the plane of best average definition have been 
reported in Photogrammetric Engineering [8]; the 
results for the second part which comprises results 
for lone-line, short-line, and annular charts are 
reported in J. Research NBS [9]. The results of 
the th~r~ part ,:hich deals with variations arising 
from dlfferences m target contrast for two emulsions 
are reported in the present paper. 

:Measure!nents of photographic resolving power 
at the NatIOnal Bureau of Standards are customarily 
made using a long-line three line high contrast test 
chart having dark lines on a light background with 
the linages registered on a high contrast emulsion 
which has a higher resolving power than the emulsion 
commonl:y us~d in aerial J?hotography. In many 
other calibratIOn laboratones, the tendency is to 
use test charts having light lines on a dark background 
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with the images registered on a medium contrast 
emulsion with resolving power comparable to that 
being currently used in aerial photography. 

In the present study, values are obtained for two 
emulsions and three targets of differing contrast. 
Results are given for four lenses of types commonly 
used in photogrammetric cameras. 

2 . Method of Measurement 

2.1. Test Camera 

The National Bureau of Standards precision lens 
testing camera [10] was used in making the negatives 
from which the values of resolving power are deter
mined. Its construction and mode of operation 
simplify the process of evaluating the resolving 
power of a lens in a series of focal planes spaced 
at definite intervals along the optical axis. The 
precision lens testing camera is equipped with 10 
collimators spaced at 50 intervals and spanning the 
range from 00 to 45 0 • Resolving power test charts 
placed in the focal plane of the collimators and 
imaged by the lens under test permit the study of 
quality of imagery for a series of focal planes of the 
test lens. By using one type of chart in 5 of the 10 
collimators (designated the odd-numbered colli
mators) spaced at 100 intervals and another type 
in the remaining five collimators (designated the 
even-numbered collimators) it is possible by proper 
manipulation of the various controls to record the 
imagery of a lens under test on a single photographic 
plate for each of two types of chart in the same series 
of :focal planes for the same angular separations, 
{3, from the axis of the lens under test . 

2 .2 . Test Charts 

Three types of test chart are used in the present 
investigation. All three are based upon the NBS 
resolution chart of 1952 but differ in contrast between 
the lines and spaces. Each chart has the same 
range of sizes of the test object with the size pro
ceeding in a geometric progression with V'2 (or 
1.1892) as the common ratio. The same size test 
chart is used in the various collimators so that it is 
necessary to apply the "cos" and "cos2" corrections 
to images formed off-axis. The various types are 
described in the following section. 

a. High Contrast Test Chart (HDL) 

This is a composite chart based upon the NBS 
resolution test chart of 1952 which is described in 
detail in NBS Circular 533 [5] . It is a long-line 
three line chart with dark lines on a light bacl\.ground. 
The difference of log luminance between the dark 
lines and the light background exceeds 2.0. 

h. Low Contrast Test Chart (LDL) 

This chart is identical in all respects to that 
described in (a) except that the contrast is low 
between the dark lines and the light background. 
The difference of log luminance between the dark 
lines and the light background is 0.20 ± 0.02. 

c. Low Contrast Test Chart (LLD) 

This chart is identical to that described in (b) 
except that the contrast is reversed, that is, the 
difference in log luminance between the light lines 
and the dark background is 0.20 ± 0.02. 

2 .3 . Test Negative 
In making the test negative, the lens under test is 

initially so alined that its optical axis is parallel to 
and approximately coincident with the axis of the 
collimated beam emergent from the first collimator. 
The lens is adjusted along the bench to a location 
such that the collimated beam at 40 0 from the axis 
fills the front aperture of the lens under test as viewed 
through the lens at an inclination of 40 0 from the axis. 
The plate holder is adjusted to a position such that 
the front surface of the emulsion is in the plane of 
best visual axial focus for the central row of images 
to be registered on the plate . The plate holder is 
then moved to a position 1.05 mm nearer to the lens, 
where an exposure is made by illuminating the 
reticles in odd-numbered collimators, which thus 
records the imagery on the plate at 100 intervals for 
the range of angles from {3 = 00 to {3 = 40°. This 
process is repeated with the plate moved 0.15 mm 
farther from the lens until 15 exposures have been 
made with the last for the plane 1.05 mm farther from 
the lens than the position of best visual axial focus. 
Between each exposure, the plate holder is also moved 
downward by an amount sufficient to avoid super
position of successive rows of unages. The foregoing 
operation registers the imagery for the long-Iule high 
contrast patterns on the plate. The plate holder 
is then returned to its initial position for which the 
emulsion surface is 1.05 mm nearer to the lens than 
the plane of best visual axial focus; the plate is dis
placed sidewise in its holder approximately 12 llU11; 
and the entire bench on which the camera is mounted 
is rotated on its pivot by 5° so that the axis of the 
lens is now parallel to and nearly coincident with the 
axis of the collimated beam emergent from the second 
collimator. The foregoing procedure is then re
peated with the exception that exposures are made by 
illuminating the reticles in the even-numbered col
limators, which again registers imagery on the plate 
at 100 intervals for the range of angles from {3 = 0° 
to {3 = 40° . This process registers the imagery for 
the long-line low contrast patterns on the plate. 
The exposed plate is then processed to form the 
finished negative from which values of resolving 
power for tangential lines (T~) and radial lines (R~) 
are determined . 

All exposures are made with the reticles illuminated 
by light from tungsten lamps with Wratten K - 3 
filters between the light source and test charts. 
Neutral filters are used to adjust the intensity of the 
light reaching the plate so that the final resulting 
optical density of each image on the negative i 
apprm .. 'i.mately the same for all values of {3. The 
two types of photographic plates used in this work 
were Eastman Spectroscopic VF which has a fine 
grained panchromatic emulsion and Eastman Super 
Panchro Press, Type C. The plates were developed 
for 3 min. in D - 19 developer at 68 OF. 
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2.4. Reading the Negative 

The neO"ative unages were examined with a micro
scope usi~g powers. ranging ~rom 39 to 50 X . The 
criteria for considermg a partlCular hne pa ttern to be 
the finest resolved were that all coarser pattern were 
resolved and that the number of lines in a O"Lven 
pattern was the same as that of the corresponding 
pattern in the object . 

3. Results of Measurements 

The results of m easuremen t on four wide-angle 
lenses are reported and analyzed in this s t~dy. 
Two lenses, designated Nos. 1 and .5, are essentIally 
distortion-free ; the other two , desIgnated 7 and 8, 
have moderate amounts of distort.ion . Measure
m ents of resolving power were made at 10° intervals 
from 0° to 40°. 

Negatives were m ade with both VF an~ SP emul
sions for each of three target contras ts lor each ot 
the four lenses. The measured equivalent focal 
length for the plane of .best visual . axial focus was 
the same for each emulsIOn and each type of target 
pattern. The maximum r~nge of change in measured 
equivalen t fo cal length dId no t exceed ± 0.02 mm 
for a given type of lens. . 

The resul ts of measurement arc shown graphically 
in figures 1 and 2. The values of the geometric mean 
resolving power ~B{3 T{3 are shown J?lo t ted 3:gainst t~le 
separation, 6j, from the plane of bes t .v.Isual l;1xlal 
fo cus. - Positive values of 6j denote posItIOns of t he 
image plane far ther from the lens than the plane of 
best visual axial focus. In figure 1, values of ~B{3 T{3 
obtained with VF emulsion arc shown for values of {3 
ranging from 0° to 40°. The lowest frame in each 
column shows valu es of the root mean product 
mean [8] B {3 1'{3 versus .6j. T~e curves, !lumbered 1, 
show the results obtamed wIth the hIgh contrast 
target having dark lines on a light ba.ckground. The 
curves m arked 2, show the results for the low con
trast t~rge t having dark Imes on a light background. 
The curves, marked 3, show results for the low con
trast targets having light lines on a dark background. 
In figure 2, comparable results. are shown for the 
same four lenses using SP emulSIOn . 

Values of B {3 T {3 are shown in these graphs as this 
quantity is of pr~::ry interest .in evalu~ting tl?-e 
image forming qualItIes of a lens mtended .for use m 
an airplane mapping camera. In two earlIer papers 
[8, 9], values of Rf3 and T {3 are shown for lens No. 1. 

4. Location of the Plane of Best Average 
Definition 

The plane of best average definition was located 
for each set of conditions by the maximum value of 
the index ~Bf3 'l 'f3 . The plane so located is likely to 
be ligh tly far ther from the lens than that located by 
graphical analysis [8]. For the purposes of the pres-
ent paper , the use of the maximum of -J R {3 1'f3 is satis
factory. The values of the index ~ B f3 T f3 for the 

I range of 6j extending from 0.45 mm nearer to the 
le!ls to O}O mm ~arther ~r<?m ~h e lens tl?an the pla!l~ 
of best VIsual aXIal defmltlOn IS shown m table 1 101 
the four lenses for all of the various conditions. The 
values listed are the averages for several runs ranging 
from 1 to 6. The total number of runs for the high 
contrast target is equal to the sum of the runs for 
the two low contrast targets. This occurs because a 
sinO"le neO"ative always contains a record of the im
age~'y forbthe high contrast target and for one of. the 
two low contrast targets. In table 1 the underlmed 
value of the index in each column is the maximum 
for the indicated set of conditions. 

5. Comparison of Results Obtained With 
the Three Charts 

The principal points to be considered in .the 
analysis of the results of measuremen t are pOSSIble 
differences in the location of the fo cal plane for the 
various conditions the reduction in average resolving 
power that may r~sult from such differences, relative 
magnitudes of average resolving power for the t·\~O 
emulsions and effects of contras t . These arc dIS
cussed in the present section. 

5 . L Relative Positions of Focal Plane 

The r elative posit ions of the focal plane for the 
various conditions are indicated for the foUl" lenses 
in t able 1. The di placements for each of the con
trasts and emulsions from the focal plane of best 
average definition for the high contrast target using 
VF emulsion of the corresponding planes ar e shown 
in table 2. I t is clear from this t able, t,ha t differen ces 
in contrast of target have lit tle or no effect upon ~he 
location of the focal plane of best avel"fl.ge defimtIOn 
for either emulsion . Only in the case of the low 
contrast t arget having light lines on a dark back
ground (LLD) used with SP emulsion is ~here any 
indication of a possible effect on the 10Cfl. tIOn of the 
focal plane and even in this ulstance the apparent 
shift may be a result of r andom error. . . 

On the average, the plane of best average defimtIOn 
for the various contrasts appear to be 0.15 mm 
nearer t o the lens for the SP emulsion than is the 
corresponding plane for VF emulsion. T~is difference 
is small and may be real. However , It would be 
unlikely to present serious cause for conce~l~ in the 
locating of the plane of best average defimtI.on. It 
is likely that the average plane selected usmg VF 
emulsion will be satisfactory if this plane be used for 
photography with SP emulsion. Likewise the plane 
selected using SP emulsion would be reasonably 
satisfactory for photography with VF emulsion. 

5.2. Reduction in Resolving Power From the 
Maximum 

If the differences in the relative location of the 
focal plane are regarded as genuule, it is instructive 
to determine the magnitude of the effect of t~ese 
differences on resolving power under the vanous 
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TABLE 1. Variation of -V Rp T p with separation, tlf, from the 
plane of best visual axial focus for four lenses 

Values of -V R~ T~ in lines per millimeter are given for two emuls ions and three 
target contrasts. T'he columns, designated I-IDL, show values obtai ned with a 
high contrast target having dark lin es on a light backgrouJl(1. The col um ns, 
designated LDL, show values for a low contrast target havin g dark lines on a 
light backgrounG. The columns, deSignated LLD, show values obtained with 
a low contrast target having light lines on a dark background. The maximum 

values of -V R~ T~ are underlined. The number of test n egatives used In each 
set of determinations is shown in the row marked n. 

Values of -V R~ T~ for lens N O. 1 obtained with emulsion 

VF sp 

n 2 3 
-----1------------------

HDL LDL LLD HDL LDL LLD 
-----11------------------

mm -0.45 __________ _ 39. 3 27.2 25.2 20.0 14.6 13.5 - .30 ___________ _ 42.0 28.9 27.8 22.2 15.3 13.8 
- .15 ___________ _ 46.4 31. 3 28. 3 22.9 15.4 13. 7 
.00 _____________ _ 48.6 32.4 28.7 2l.8 14.9 13.5 
.15 _____________ _ 48.4 29.3 26.6 19.4 12.7 11. 8 .30 _____________ _ 38. 6 23.2 23.2 15.6 11.1 10. 4 

Values of , I R~ '1'~ for lens N o.5 obtained witb emulsion 

VF sp 

n 3 2 
-----1------------------

!:>.f lIDL LDL LLD IIDL LDL LLD 
-----1------------------

mm - 0.45 __________ _ 30.1 22.2 22.3 19.8 14.4 13. 1 
- .30 ___________ _ 34.6 26.0 24.8 21.8 15. 1 14. 5 
.15 _____________ _ 39.8 27.6 27.2 23.4 15.6 14. 1 
.00 _____________ _ 42.2 28.8 27.2 22.8 15.2 13.8 
.15 _____________ _ 42.1 26.8 28.3 21.4 13.5 12.6 
.30 _____________ _ 36. 6 23.0 23.4 17. 6 11. 7 10. 8 

V alues of -V R~ '1'~ for lens No. 7 obta ined with emnlsion 

VF sp 

11 2 2 
-----·1------------------

!:>.J lIDL LDL LLD HDL LDL LLD 
-----1------------------

mm 
- O.4L ________ _ 42. 6 31. 6 29.6 24.6 16.1 14.3 
- .30 ___________ _ 46.5 33.0 29.8 24.8 16.4 14.3 
- .15 ___________ _ 48. 1 33.0 30. 0 24.5 l6.2 14.0 
.00 _____________ _ 46.8 32.3 29. 2 23.6 16.2 13.9 
.15 _____________ _ 43.4 27.2 27. 4 21. 5 13. 9 12.4 
.30 _____________ _ 36.5 24.2 23.4 17. 9 12.8 11. 1 

Values of -V R~ 'l.'~ for lens N o.8 obta in ed with emulsion 

VF sp 

n 2 
---------------

!:>.f IlDL LDL LLD lIDL LDL LLD 
---------------

mm 
- 0.40.. ________ _ 34.5 28.0 24.2 21.4 13. 3 13.2 
- .30 ___________ _ 36. 7 28.3 26. 6 21.5 13.3 13.2 
-.15 ___________ _ 37. 4 28. 8 26.4 21. 7 13. 7 12.9 
.00 _____ ________ _ 38.9 27.8 25.9 21. 0 13. 4 12.5 
.15 _____________ _ 37. 4 25.5 24. 4 18.8 11. 7 11.6 
.30 _____________ _ 33. 2 23.2 21.6 17. 2 10.8 10. 9 

TABLE 2. Location of the focal plane of best average definition 
with respect to that obtained for a high contrast target using 
VF emulsion for four lenses 

Results are given for VF ane] SP emulsion and for two types of low co ntrast 
target . The symbols in the colmn h eadi n~ a rc defined in table 1. A negative 
value of !:>.findieates a position of a selected focal plan e nearer to the lens than that 
selected fa,· the high contrast target using VF emulsion. The focal plane of best 

average definition is determined by tbe m aximulll valueof-V R~T~. 

Lens 

Separations, 1111 in millimeters from pIa.ne of best average 
definition obtained with high co ntrast target for emulsion 

VF SP 

HDL LDL LLD IIDL LDL LLD 
-----11------------------
L _____________ _ 
5 ______________ _ 
7 ______________ _ 
8 _____________ __ 

0. 00 
. 00 
. 00 
. 00 

0. 00 
. 00 
. 00 

-. 15 

0.00 
. 15 
. 00 

-.30 

- 0.15 - 0.15 - 0.30 
- .15 -. 15 -. 30 
-.15 -. 15 - .15 
-. 15 -. 15 -. 30 

-----11------------------
Average _____ _ 0. 00 -0.04 - 0.04 - 0.15 - 0. 15 - 0. 26 

TABLE 3. Effect on average resolving power, -V Rp T p for various 
contmst targets produced by using focal plane of best average 
definition obtained with V F ernulsion for the high contmst 
target 

Valnes of the reduction from the max imum are gi ven in percent for foUl' lenses 
using VF and SP emuls ions for one high ancl two low con trast targets. The 
meanings of the sym boIs h eading the columns are as given in the caption of table 1. 

R eduction in % of -V R~T~ from its maximum for 

L ens VF emulsion SP emulsion 

lIDL LDL LLD HDL LDL LLD 
---------------

L ______________ 0.0 0.0 0.0 4.8 3.2 2.2 5 _______________ . 0 .0 3.9 2.6 2.6 4.8 L ______________ . 0 .0 0.0 1.2 1.2 2.1 8 _______________ . 0 3.5 2.6 3.2 2. 2 5.3 

conditions . For example, one may select the focal 
plane of best average definition for high contrast 
targets with VF emulsion and then use this focal 
plane for photography under all conditions of con
trast for both emulsions. This bas been done and 
the effects on resolving pow'er for the other conditions 
are shown in table 3. From this table it is clear that 
for 3 of the 4 lenses, there is no reductioIl in resolving 
power when using VF emulsion for the 10'1'1 contrast 
target having dark lines on a light background 
(LDL) while there is a 3.5 percent loss in the case of 
lens No.4. For the low contrast target having light 
lines on a dark background, the change is zero for 
two lenses and reductions of 3.9 and 2.6 percent are 
shown for the other two. When SP emulsion is used, 
reductions in resolving pO',vel' ranging from 1.2 to 
5.3 percent OCClll ) 'with the reduction under 3 percent 
in 7 of 12 instances. One can expect a 3 percent 
variation in the magnitude of ~R~T~ on the basis of 
observational error, hence in only five of the twelve 
cases is the reduction in resolving pO'wer in excess of 
the probable observational error. 

If the plane of bef't average definition for the high 
contrast target using SP emulsion is taken as a ref
erence plane, values of the reductions in resolving 
power can be determined for the other condition. 
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The values of these reductions are shown in table 4. 
For this condition, the reduction is zero for the low 
contrast target (LDL) with SP emulsion. For the 
VF emulsion, the reduction is under 3 p ercent in 5 of 
12 cases and does not exceed 5.6 percent for any of 
the remainder. 

5 .3. Relative Magnitude of the Resolving Power 

From figures 1 and 2, it is apparent that the re
solving power for VF emulsion is higher than that 
for SP emulsion for all values of {3 ranging from 0° to 
40°. I t is moreover clear that this is true for all three 
conditions of contrast. It is not possible to determine 
a numerical value of the ratio of the resolving powers 
that would be invariant for all values of {3 and all 
values of!:::.j. Accordingly, average values of the ratios 
based upon the values of .JR{J T{J shown in table 1 
have been determined for each lens and are shown in 
table 5. In table 5, the ratios of average resolving 
power for the two emulsions and three contrasts with 
respect to the average resolving power for the hi.gh 
contrast target obtained with SP emulsions for four 
lenses. From the average values of the ratios given 
in thi.s table, an estimate can be made of the probable 
value of other ratios that are of interest. For ex
ample, values of resolving power obtained with the 
low contrast target are approximately two-thirds 
of that obtained with the high contrast target for 
either of the two emulsions. 

TABLE 4. Effect on average Tes olving poweT,.J R~ T~ fo r various 
contrast targets produced by 1tsing focal plane of best average 
defini tion obtained wi th SP emulsion for the hi gh contrast 
target 

Values of the red uct io n from the max imum are given in percont fo r fou r lenses 
using VIi' and SP emulsions for one high and two low contrast targets. 'I'he 
meanings of the symbols heading the colnmlls a re as given in the caption o[ table 1 

Reduction in % of R p'['p fro m its maximum for 

Lens VF emulsion SP emulsion 

UD L LDL LLD UDL LDL LLD 
-----11------------------

L ...... ........ 4.5 3. 4 1.4 0. 0 0. 0 0.7 
5 .. ............. 5.6 4.2 3. 9 . 0 . 0 2. 8 
7 .••... . ........ 3. 3 0.0 0. 7 . 0 . 0 0. 0 
8 . • .. . ... . . . .... 3.8 . 0 . 8 .0 . 0 2.3 

TABLE 5. Ratios of average resolving powers for two emulsions 
and three targets of various contrasts 

Ratios are given showing the relative magnitude of the average resolving power 
obtainedl1llder speCified condit ions to that obtaiued with a high contrast target 
on SP emulsioll . Values arC given for four lenses, using two emulsions and three 
contrasts. Values o[ tbe averages are given together with the average probable 
error PE. of a single determiuation. The meaniugs of the symbols beading the 
columns are as givell in the caption of table 1. 

R atios of average resolving powers for 

Lens VF emulsion SP emulsion 

lIDL LDL LLD UDI, LDL I,LD 
-----11------------------

L .. .......... .. 2.17 1. 42 1.32 1.00 0. 69 0. 63 
5 . .•.. .•....... . 1. 77 1. 22 1. 21 1.00 . 67 .62 
7 .. ...•....•...• 1. 93 1. 32 1.24 1.00 . 67 .59 
8 .••.•.......... 1.80 1. 33 1. 23 1.00 . 63 . 63 ------------

Average .••.•• 1. 92 1. 32 1. 25 1.00 0. 66 0. 62 
PE. (%) •••••• ±6.9 ± 4. 0 ±2. 8 ---- - - ---- ± 2. 6 ± 2. 1 

5.4. Effect of Reversed Contrast 
In many specifications that require mea urements 

of resolving power of lenses with low contrast targets, 
it is stipulated that the test char t shall consist of 
light lines on a dark background. This is so speci
fied because of the belief that the use of a target 
having dark lines on a light background will result 
in lower measured values of resolving power than 
would be found with a target of opposite contrast 
because of the effect of veiling glare [3]. In figures 
1 and 2, the curves marked 2 show values of ~R{J T{J 
as a function of t::..j for the low con trast target having 
dark lines on a ligh t background ; the curves marked 
3 show values of ~R{j T{J as a fraction of /::"j for a low 
contrast target having light lines on a dark back
ground. It is noteworthy that in most instances, 
the curve marked 2 lies slightly above the curve 
marked 3. Even if one ascribes the difference to 
experimental error, it is improbable tllat such error 
could reduce all of the observed values of curve 2 
below those for curve 3. From these results , it is 
clear that the values of resolving power obtained 
using targets having dark lines on a light background 
are not lower than those obtained using targets 
having ligh t lines on a dark background when the 
difference in log luminance between line and back
ground is 0.2. 

It seems probable, therefore, that when re olving 
power tests arc made using transparent charts 
located in the focal plane of collimators, the use of 
light lines on a dark background will not, in general, 
yield higher values of the resolving power than will 
t he use of dark lines on a light background. In this 
case, the values of resolving power are not noticeably 
reduced by the effect of veilin g gla re. Although 
veiling glare may affect the values of resolving power 
on the axis which may be the ca e for lens No. 5 in 
figure 2, it is not likely to do so for extra-axial imagery. 
The effect of veiling glare possibly would be more 
pronounced in using resolution targets on a r ange 
rather than in collimators which may account for 
the prevalence of the specification of targets having 
ligh t lines on a dark background . 

6. Conclusion 
In this study, the effect of contrast upon choice of 

a focal plane has been investigated using four lenses, 
two target contrasts, and two emulsions. Analysis 
of the results of measurement leads to the following 
conclusions. 

(1) For either of the two emulsions used, the choice 
of focal plane of best average definition is not affected 
by differences in contrast between lines and back
gro und in the target. 

(2) When a lens images targets where the differ
ence in log luminance between lines and background 
equals 0.20, the values of measured resolving power 
are not significantly affected by reversal of target 
con trast. In other words, low contrast targets with 
ei.ther dark lines on a ligh t back~rouncl or light lines 
on a dark background will yield substantially the 
same measured values of average resolving power for 
a given lens. 
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FIGU RE 1. Average resolving powers versus position of the image plane for four lenses with VF emulsion. 

1.2 

Values of tbe average resolving power"; R~ 1'~ are showu at 10° intervals from 0° to 40°. The lowest box in eacb column sbows values of ...; R~ 1'~ . Curve 1 
shows tbe result obtained witb a high contrast target having dark lines on a light background with contrast between lines and background greater than 2.0 on a density 
scale. Curve 2 shows the results for a low contrast target (0.2 differcnce of log luminance between lines and background), having dark lines on a ligh t background. 
Curve 3 sbows resnlts obtained for a low contrast target (0.2 difference of log luminance between lines and background) but having light Jines on a dark background. 
The zero of abscissas marks the position of best visual axial focus, and positive values of "I indicate pOSitions farther from tbe lens. 
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shows the resuJts obtained with a high contrast target baving dark lines on a light backgroun d with contrast between lines and backgro und greater than 2.0 all a 
density scale. C urve 2 shows the results for a .low contrast target (0.2 difference of log lumina.nce between lines and backgroun d), having dark lines on a light back
ground . Curve 3 shows resul ts obtained for a low contrast target (0.2 di fference of log lu minance between lines aud background) bu t having light lines on a dark 
background. T he zero of abscissas marks tbe position of best visual axial focus, and positive values of t:.J indicate positions fart her from the lens. 
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