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Effect of Object Frequency on Focal Position of Four
Photographic Objectives

Fred W. Rosberry

Three wide-angle aerial-camera lenses of 6-inch nominal focal length and one smaller

lens of 32-millimeter focal length were given photographic resolving-power tests.

Targets

were of the parallel line type with several groups of three lines representing a wide range of

lines-per-millimeter values.

The image plane of best focus was visually located, and expo-

sures were made at four different positions inside of this focus and the same number outside.
Measurement of the resultant negatives by a recording microdensitometer revealed the image

contrast of the various line-space frequency groups at the nine focal positions.

Curves are

presented showing the focal positions of maximum image contrast for four values of line-space

frequency.

1. Introduction

During the past decade, there has been consider-
able interest in the effect of target contrast on image
contrast and resolving power in the image plane.
Investigation of the relationships between these
quantities has shown the existence of a number of
associated phenomena, among which is a shift in
the plane of best focus with target pattern frequency.
Any appreciable shift will affect the selection of the
proper focal plane in a fixed-focus camera, such as
an aerial camera [1, 2].)  The Optical Instruments
laboratory has therefore made an investigation of
this phenomenon.

Of the lenses on hand at the time this investigation
was being planned, three, representing a good,
medium, and fair quality as shown by previous
l(‘SOl\']]l(" power tests, were chosen for testing.  They
were all wide- angle aerial camera lenses of nominally
6-in. focal l('ngth, made by the same manufacturer.
A fourth lens was later included representing a
different type and of only 32-mm (1.3-in.) focal
length.

2. Apparatus and Procedure

To measure the contrast rendition, or contrast
in the image plane of a lens, by a photographic
procedure, extreme care had to be taken to control
the other factors that can affect contrast. Some of
these factors are exposure, development, and varia-
tion in emulsion from omne photographic plate to
another. Uniform exposure was maintained by the
use of an automatic timing device, with relatively
long exposure times such as 2 or 3 sec instead of
small fractions of a second as obtained by shutters
Development was maintained uniform by putting as
many different exposures as possible on one plate and
by agitation during development. The variation in
characteristics between plates out of the same box
1s very small, but this was further reduced by cutting
large plates into smaller ones, thus making two or
more from one.

! Figures in brackets indicate the literature references at the end of this paper.
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The targets used in this investigation were the
75-line step contrast and the 200-line step contrast
targets, which are variations of those 1)1(\'i()us].\'
reported [3]. The 75-line target consists of 25 groups
of 3-line patterns. I‘lw line widths and spacings in
a given pattern are equal; however, the values vary
from one pattern to the next by a ratio equal to V2.
The range of resolving power for this master target is
therefore from 0.2 to 3.2 lines/mm. The range of
the 200-line target is from 0.2 to 2 lines/mm, which
means that the actual widths of lines and spaces vary
from 2.5 to 0.25 mm. This range is covered in a
continuously varying linear manner with 200 lines
and 200 spaces contained in a distance of 180 mm.
The zero line is 20 mm from the origin, so that the
over-all length of the resolving-power pmtlon of the
chart is 200 mm (fig. 1). The length of the lines is

185 mm, thus giving the contrast scale approxi-
mately the same length as the frequency scale.

Along the length of the lines the targets are divided
into nine areas of different line-space contrast values.
The 75-line target had a contrast range in these nine
areas from 0.22 to a high of 3.19 on the density scale.
The same nine areas on the 200-line target had a
range from 0.10 to 1.51.

Although two targets were used in this investiga-
tion, they were not used simultaneously. The target
under observation was mounted on the axis and in
front of the lens being tested. As the targets are
transparencies, it was necessary for them to be uni-
formly illuminated from behind. This was accom-
plished by using a light box of such design that only
diffusely reflected light, which was quite uniform and
free of hot spots, fell upon the target.

The camera used for exposing the test plates
consists of two major components, namely, the lens
mount and the camera back (fig. 2). A set of ways
similar to a lathe bed supports both components,
each mounted on its own carrier or saddle, thus
allowing for the necessary movement of one with
respect to the other by means of a lead screw.
This movement is necessary to accommodate lenses
of different focal lengths. The camera back itself
is provided with three micrometer serews, by means



The 200-line step contrast larget as used in this investigation.

Fraure 1.

The 75-line target was similar except for the 3-line grouping of the lines in the pattern.

Bench showing lens, plate carrier, and focusing

Ficure 2.

microscope.
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of which small precisely measured axial displace-
ments of a millimeter or less may be made. The
plate holder can also be moved vertically in a plane
perpendicular to the lens axis, allowing successive
mmages to be taken on a single plate, one above the
other. Changes in the focal position of amounts as
small as 0.2 mm are easily accomplished with the
micrometer adjustment. A microscope i1s mounted
on the same saddle as the camera back and focused
on the plane of the emulsion.

The lens mount supports the lens rigidly in place
and carries the necessary bellows and light shields
to protect the negative from stray light. The mount
is constructed so that it holds a metal lens board
measuring 6 in. square, which in turn carries the lens
under test.

The distance between lens and target was equal to
26 focal lengths of the lens under test.  With this
lens-to-target spacing the image distance is a little
Jonger than for an infinitely distant target, but 1t is
believed that there is very little change in the resolv-
ing power characteristics. Theoretical considerations
indicate that the lens-to-target distance can be re-
duced to as low as 15 focal lengths without signifi-
cant change in the resolution characteristies from
those for infinitely distant objects.?

With the lens-target distance set at 26 focal lengths
for the 6-in. lenses, the effective spacing of lines in
the target on the image plane was 5.0 to 79.6 lines/

mm for the 75-line target. With the 32-mm lens,
the lens-to-target distance was 51 focal lengths,

giving a range of 10 to 100 lines/mm for the 200-line
target.  Focusing was accomplished by properly
spacing the camera-back and the lens until a well
defined image appeared on a ground glass, which was
in the p(mtu)n the ph()t(wmp]m' p].m- would occupy
during photographing. The microscope was then
focused on the plane of the ground glass and locked
in that position. With the ground glass removed,
it was then possible to view the image directly and
make any small focusing :L(l;ustmvnts necessary.
The micrometer was then set so that the plate carrier
was 0.8 mm inside of the best visual focus, and a
panchromatic photographic plate set in the carrier.
Using the vertical ways of the camera back, the plate
was racked to its uppermost position and the first
exposure made. The plate was then moved away
from the lens by 0.2 mm and lowered enough to
allow the image to be put above the first and another
exposure made. This procedure was repeated until
nine exposures were made, covering the range from
0.8 mm inside to 0.8 mm outside of the visually
estimated focus. After developing in Dk-60a for 5
min and fixing, this plate was then ready for measure-
ment.

The density of each line and space for three of the
target contrast levels were the quantities to be
measured. These were determined by using a re-
cording microdensitometer. The test negative was

2 Private communication from D. P. Feder.
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located on the plate carrier of the instrument, prop-
erly oriented, and brought into good focus. One

contrast area of one focal position of the test negative
was then scanned and the local values of line and
space density were automatically recorded in the
form of a graph. The negative was then relocated
so that the same contrast area on the next adjacent
image, representing the next focal position, was then
ready for scanning. The instrument was refocused
at each change n negative position. All focal
positions were covered by this procedure, and this

constituted a run. Other runs were made for the
two remaining contrast arcas to be measured. Kach
run was repe: ated two more times with the results

averaged to minimize any variation in measurement
that still might exist, thus making three runs of the
three contrast areas, with each run covering the
nine focal positions.

3. Results of Measurement

The graph produced by the microdensitometer con-
sisted of curves on a strip of chart paper graduated
with a logarithmic scale of photographic density
whose limits were zero and infinity. The quantivy
measured was the amount of licht transmitted by a
very small area of the test n(‘gatl\'(' Because of the
line and space characteristic of the negative being
canned, the recording pen was traveling from nea
one end of the scale to near the other, thus indicating
the highest transmission or minimum density at a
space and the maximum density at a line. These
data were tabulated by reading, on the log scale, the
naximum and minimum for each cyele. The dif-
ference of the two was called contrast (C). The
75-line target, which was 11»1(10(1 into 25 groups of 3
lines and had the line frequency constant for cach
group, was averaged to determine the maximums and
minimums for each group. A graphical representa-
tion of these data 1s shown in figures 3 and 4.  The
curves are grouped according to the particular lens
under investigation and the target contrast. Each
curve represents the amount of contrast in the image
at various focal positions for a specified image fre-
quency. Some of the curves show a bar indicating
the calculated depth of focus for the adjacent fre-
quency or resolving power. The depths of focus
herein referred to were calculated from the formula
d=4b/a, where d is the depth of focus in millimeters,
b is the f-number, and « is the resolving power in
lines per millimeter, for which the depth of focus is
sought [3]. This formula was developed for use with
high-contrast targets, which should be taken into
account when viewing the results. Theoretically the
curve should reach zero value of image contrast at
about the same points as indicated by the ends of the
depth-of-focus line.  The range of the depth of focus
is shown only for the two curves of highest frequency,
as the range of focal positions is not great enough to
include the depth-of-focus range at the lower
frequencies.
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Ficure 3. Curves showing the contrast in the image at various focal positions of four line-frequency patterns at three values of
target contrast for the three wide-angle aerial camera lenses.

L/mm, lines per millimeter; Dg, photographic density of line; D., photographic density of space.  The lines marked “D’ indicate the range of the calculated depth
of focus.
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4.

These curves are similar to those of figure 3 for 6-in. lenses.

Ficure Contrast-focal position curves for 32-mm lenses.

4. Discussion

Contrast can be expressed as the difference be-
tween two densities (AD), or it can be expressed as a
ratio of the two transmissions 7/7,. Both methods
are in use, with perhaps the former more common.
Some of the curves were plotted by both methods,
and although each illustrated the point well, the AD
procedure lent itself better to data from the micro-
densitometer. One point rather clearly shown by
these curves is the relatively small amount of
shift in the optimum focus for the four frequencies
plotted. This of course is a quality that will change
from one lens to another and 1s somewhat dependent
on the individual lens aberrations.

The three wide-angle aerial camera lenses were
given resolution tests prior to this investigation, and
the results of these tests established that their reso-
lution characteristics were within the range covered
by the average lens of this type. Distortion measure-
ments also indicate that the sample lenses are not
outside the average. The lenses tested herein are

21

.40 T T T
EERS Co=3.19 _A
.20 | e S R - i
LENS C \ws 8
(=
E o]
z
Q
= -.20 l | 1
w
o 40 T T T
& L B\ Co=1.85
2
g 20 LENS A \-(" ————— 7
w P S
Z ]
P —— c——
0 r
7
LENS C
=220 " 1 |
[¢} 5 10 15 20

IMAGE FREQUENCY , LINES/mm

Fraure 5. Curves showing the shift from an arbitrary zero of
the focal position giving highest contrast for wvarious line
frequencies at two target-contrast levels.

The same three lenses are shown in figure 4.

quite consistent in showing very little shift of focus
at the two higher target contrasts; at the low target
or object contrast (C,=0.22) the shift is even less
noticeable. The sets of curves shown in figure 5
summarize the findings for the three 6-in. wide-
angle lenses. The amount of shift (from an arbi-
trary zero) of the focal position giving highest con-
trast is plotted for four values of image frequency.
The two plots represent the results obtained with
two different target contrasts. The focal position
measured along the ordinate of the graph was de-
termined from the crest of the corresponding con-
trast curve shown in figure 3. The contrast curves
for the lower frequencies are rather flat-topped,
which makes precise location of the peaks difficult.
Shifting of the plane of best focus with object fre-
quency as indicated herein is very small for lenses
of near average quality.

As focal settings become more precise, the position
of best focus becomes more difficult to locate. A
zone is found within which a position of best resolu-
tion and another position of highest contrast rendi-
tion are located. This effect is present at all points
in the field and, as the range of this zone of best focus
is less than the inherent field curvature of a lens,
critical focusing over the entire field becomes ex-
tremely difficult. The residual spherical aberration
in the lens is probably a cause of this focal shift.
The position for maximum contrast of broad lines is
where the circle of confusion is the smallest and not
necessarily where the resolution is best.

The present work accordingly confirms the results
of earlier workers [1, 2, 5] that a difference in focal
setting exists between the settings for best resolution
and for best contrast rendition. However, it em-
phasizes the fact that this difference is usually so
small that it is seldom advantageous to set for the
position of maximum contrast rendition for low-
frequency patterns as opposed to setting for the
position of maximum resolution. For example, in
some earlier work [1, 2], the difference in focal setting



for frequencies in the image of 4.1 and 20.6 lines/mm
was indicated to be as bigh as 0.03 in., or 0.76 m.
It was further indicated that the improvement in
contrast rendition would be quite appreciable at the
lower frequencies in setting at the optimum image
contrast for those frequencies with marked loss at
the higher frequencies. It is clear from the results
shown in this paper for the three lenses, shown in
figure 3, that the shift in focal settings between
frequencies of 5 and 20 lines/mm is at most 0.20 mm.
Moreover, the slight gain in contrast rendition by
setting at the maximum for the low frequency is not
sufficient to warrant accepting the appreciable loss
in contrast rendition at the higher frequencies. It
is probable that some few lenses of a given type show
focal shifts as high as 0.76 mm, but it seems likely
that such lenses are the exception rather than the

rule.
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