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Effect of Object Frequency on Focal Position of Four
Photographic Objectives
' Fred W. Rosberry

Three wide-angle serial-canvora Ietuscs of G-anclh nominal foeal length and one smaller

Jons of E2-millimeter focel length were glven photographic resolving-pomer testa.

Trrgeta

were of t.'l;;:iﬁp:allel line type with severs! groups of thres lines rapresénting & wida range of

lines-pear-

aures werg made &t four different positions fnalde of this focus end the =aMme aum

imeter values, The image plane of best focus was vinally lnua’rredl,:;nﬂ BXPO~

oufside,

Mensnrement of the resnltant, nagatives by & recording microdensitomsetar ravealed the imapge

contrast of the variouns iinc-space frequency groups at the nine foeal pesitiona.

{lurvea are

regented showing the foes] poaitions of meRimum jmage contrast for four values of re-spage

FEQUEDTY.

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.
Investipation of the relationshipe hetween these
quantities bas shown the emstenca of & number of
associated phenomens, among which i= & shift in
the plana of best focus with target pattern frequancy.
Any apFreciﬂ.ble shift will affect the selection of the
proper fecel plans in a fixed-focus camers, such as
an aerial camera [1, 2] The Optical [nstruments
laboratory has therefore made an investipation of
this phencmenon, -
Of tha lenses on hand at the tima this investigation
was being planned, three, representing a .
mediwm, and fair quality as shown by previous
resolving power tasts, were chosen for testing, They
wera all wide-angla aerial camera lenses of nominally
&in, foeal length, made by the same manufscturer,
A fourth lenz was later included representing m
different type and of only 32-mm (1.3-in.) focal
length. )

2, Apparatus and Procedure

To measure the contrast remdition, or contrast
m the image plane of a len=, by s photographic
pracedure, extreme corc had to be teken to control
the other factore thot can sffect conteast. Some of
these {actors are exposure, development, and varia-
tion in emulsion frem one photographic plate to
another, Uniform exposure was maintained by the
use of an antomatic timing device, with relatively
long exposure times such as 2 or 3 see instead of
small fractions of & sccond as obiained by shutters,
Davelopment was mainteined uniform by putting as
many different exposures sz posaible on one plate and
by agitation during development. The variation in

sracteristics between plates out of the same hox
ie very small, but this was further reduced by cufting
large plates into smaller owes, thus making two or
more from one,

! Flgurea I brackals Indicate the lfarsdum rebermess ot b end of thix paper.
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The targets used in this investigation were the
75-linc step contrast and the 200-line step contrast
targeta, which are wvaristions of those (Pl‘EViﬂl.lSl:l.'
reported [3].  The 75-line tarpet consists of 25 groups
of 3-line patterns, The line widtha and spacings in
& given pattern are equal; however, the values vary
from one pattern to the next by a ratio oqual fo 42
The range of resolving power for this master target is
therefore from 0.2 to 3.2 linesfmm. “The range of
the 200-line target iz from 0.2 to 2 hnedfmm, whicl
means that tha actual widths of lines and spaces vary
from: 2.5 to 0.25 mm. This renre is covered in a
contipuously varying linesr manner with 200 lines
and 200 spaces conthined in a distence of 180 mm,
The zero line is 20 mm frem the origing, =0 that the
over-all length of the r&sﬂ]ving-‘i:l-ownr portion of the
chart is 200 mm (fig. 1). The length of the lines is
135 mm, thus giving the conirset scale approxi-
mately the same Ienpth as the frequency acals.
Along the longth of the lincs the tatgets are divided
into mine aress of different line-space contrast values.
The 75-line target had & contrast range in thess nine
arens from .22 to a high of 3,19 on the density scale.
The same nine arcas on the 200-line target had a
ran hfrf:gnh{}.lﬂ to 1.51. 1 thi

tho fwo targets were used in this investiga-
tipn, they were not used simultanequsly, The target
under observation wes mounted on the axis and in
front of tha lens being tested. As the targets are
transparencies, it waa necessary for them to be uni-
formly illuminsted from behind, This was accom-
plished by using g light box of such design thst only
diffusely reflected hight, which was quite uniform and
free of hot spota, fell upon the farget.

The cemers used for exposing the test plates
consiate of two major components, namely, the lens
mount and the camera beck {fig. 2). A set of ways
similar to & lathe bed gupports both components,
each mounted on itz own carrier or saddle, thus
allowing for the necessary movement of one with
respect to the other by means of & lead serew.
This movement is necessary to accommodate lenscs
of different focal lengths. The camers back itself
is provided with three micrometer screws, by means
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¢of which small precisely messured sxial displace-
ments of a milimeter or less may be mada. The
plate holder can aleo be moved vertically in s plane
perpendiculsr to the lens axis, allowing successive
mages to be taken oo a sinﬁln plate, one above thoe
other. Changes in the focsl position of amoumnts as
small g8 0.2 mm are easily accomplished with the
micrometer adjostment. microzcope is mounted
on tha zame saddle a2 the camera back and focused
on the plane of the emulsion,

The lenz meunt supports the lens rigidly in place
ond carricz the necessary bellows and lipht shislds
to protect the negative from stray light.  The mount
iz constructed so thet it holds a metal lens board
meazuring & in. square, which in torn carries the lens
undar test, -

The distance batween lens and target was equal to
26 focal lengthe of the lens under test. With this
lens-to-target spacing the image distance is a little
Jonger than for an infinitcly distant target, but it is
believed that there is very littla change in tha resolv-
ing power characteristies. Theoretical considerations
mdicate that the ]ens-tu-ta.l';i;et diztatice can be re-
dueed_ to as low as 15 focal lengths without sipnifi-
cant change in the rasolution characteristics from
those for infinitely distant objecta.®

With the lens-target distance set st 26 focal lengths
for the G-in. lenses, the effective spacing of lines in
the target on the image planc was 5.0 to 79.0 lines/
puom for the 75line target. With the 32-mm lens,
the lsps-to-tarpet distanee wae 51 {focal lenptha,
giving a range of 10 to 100 lines/mm for the 200-lise
target. Focusing was accomplished by ﬁmper] ;
8 acing the esmera-back and the lene unil & we
d;::ﬁne image appeared on & ground plass, which was
in the pozition the Phutnglj:ap ic plate would ocrupy
during photographing, he microscope was then
focused on the plane of the ground glase and locked
in that position. With the ground glass removed
it was then possible to view the image directly an
make any small focusing adjwstiments necessary.
The micrometer was then sot 8o that the plate carvier
was 0.8 mm neide of the best viensl focus, shd e
panchromatic photographic plate act in the carrier.
Using the vertical ways of the camera back, the plate
wad recked to its uppermosat position and the first
exposure Made. The plate was then moved away
from the lenz by 02 mm and lowered enough to
allow the image to ba put above the first and another
exposure made. This procedure was repeated until
nine exposurss were made, covering the range from
0.8 mm inside to 0.8 mum outside of the wvisually
estimated focus, After developing in Dk-60a for 5
min snd fixing, thia plate was then ready for messure-
ment.

The density of each line and space for three of the
target contrast levels were the quantities to be
meazured, Theee wore determined by usiog a re-
cording microdensitomater.  The fest nagative was

* Privete oommunlsation ieom I P, Fader,

located on the plate carrier of the instrument, prop- -
arly oriented, aud brought mto good focus, One
gontrast area of one focal position of the teat nepative
wag then ascanned snd the local velues of line and
space density were sutomatically recorded in the
form of a graph. Tha negative was then relocated
sa that the same contrast area on the next adjacent
imnace, representing the vext Tocal position, was then
ready for seanning, Tho instrument was refocnaed
at each changa in negative position. All foesl
poaltlong were coveredaﬁy this procedure, and this
conatituted s run. Other runs were made for the
two remaining contrast areas t0 ba measured. Each
run wad repeatad two more (imes with the results
averaged to minimize any variation in measuremendt
that still might exist, thus mpking threa runs of the
thres contrast areas, with esch run covering the
nins focal positions.

3. Results ol Measurement

The graph produoced by the microdensitoineter con-
sisted of curves on a strip of chart paper graduated
with g logarithmie scale of photepraphbic density
whoae limits were zerc and infinity. The guantivy
measured was the amount of light transmitted by a
wery smnall ares of the test nepative. Becgoza of the
line and space characteriztic of the pagative being
scanned, the recording pen was traveling from nesr
one end of the geale to near the other, thus indiestiong
the highest transmission or minimum density at a
space and the maximum density at & line. “These
data wers tabunlated by resding, on the log scale, the
naximum snd minimum for each cycle. The dif-
forence of the two was called contrast {(7). The
75-lina target, which was divided into 25 groups of 3
lines and had the line frequency conatant for eanch
grolp, was averaped to determine the maximuma nnd
minimums for cach group. A graphical representa-
tion of these dats is shown in fgures 3and 4. The
curves are grouped according to the particular lens
under investigation and the terget contrast. Each
curve reprazents the amount of contrast in the image
at warious facal positiona for a specified image fre-

veney. Some of the curves show s bar indicating
the calculated depth of focus for the adjacent fre-
quency or resolving power. The depthz of focus
herein raferrad to were caleulated from the formula
d=4b/s, where « ia the depth of focur in millimeters,
& i8 the fnumher, and a2 is the resolving power in
hnes per millimeter, for which the depth of foeus is
sgught [3]. This formuls was developad for use with
high-contrast targets, which should be taken into
account when viewing the results. Theoretically the
curve should reach zero wvalue of unage contrast at
about the z=ame points s= indieated by the ends of the
depth-of-focus line.  The ranee of the depth of focus
iz shown only for the two curves of highest frequency,
as the range of foeal pogitions is not preat enﬂuigh to
include the depth-of-focus range st the Jower
frequeneles.
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Ficvre 3. Curves showing the contrast e the image of various facal positions of four laefrequency polierns of three volues of
targel condraat for the thres wide-angle arridd camarg fensea.

uf{,r;}r::‘.m., lioes pov Eimabey; D, photogrepbic density of line; Ba, photographio dencity of epaos,  The Ines marked D" ndicete the rmogm of the enleulated depth
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4, Discussion

Contrast can ba axg‘esaﬁd a6 the difference be-
twean two densities (A, or it ¢an be exprossed as a
vatio of the two tranamissions /Ty, Both methods
are in use, with pechap= the former more common.
Bome of the curves were plotted by both methods,
and although sach illustrated the point well, the AD
procedure Ient itsell better to data from the micro-
densitometer. One point rather clearly shown by
these curves is the relatively smeil amount of
shift in the optmum foeus for the four frequencics
plotted. This of course is a quality that will change
from one lens to another and 15 somewhat dependent
on the individual lens sberrations.

_The three wide-angle serial camers lenses were
given resolution testa prior to this investiggtion, and
the resutts of these tests established that their reso-
lution characteristics were within the range covered
by the average lens of this type. Distortion menssure-
ments also indicste that the eample lonses sre not
outside the averare. The lenses tosted herein are
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Frouae 5. Curdes showing the shifl from an arbilrary zero of
ihe focaf position gimng hipfed comiresd for odvions (Ene
frequencics af bwo lqrgelcontrest leela.

The sutie fhres betses arg shoen [ Ngliee 4,

quite consistent in showing very little shift of focus
ab the two higher target contraste; at the low target
ot object eontrast (C,=0.22) tha shift 1= even less
noticenble. The sets of curves shown in figure 5
summmerize the findings for the theee 6an. wide-
angle lanzes, The amount of =hift (from an arbi-
trary zera) of the facal position giving highest con-
trast iy plotted for four values of image frequency.
The two plots represent the results cbtained with
twa different target contrasts. The focal position
messured along the ordinste of the graph was de-
termanted from the crest of the corresponding con-
trast curva shown in fipure 3. The contrast curves
for the lower frequencies are rather flat-to .
which makey precigs location of the peaks difficulf.
Shifting of the plane of best focus with object fre-
quencey as indicated herein 1= very amall for lenses
of near average guality.

As focal settings become more precise, the position
of best focus beeomes more difficult to locate. A
gone ia found within which & position of best resclo-
ticn and ancther position of highest contrast rendi-
tion are located. ‘This effect is present st all points
m the fickd and, as the range of this zone of best Tocus
1 less than the inherent field curvature of a lens,
ctitieal focueing over the entire field becomes ex-
tremely difficult. The residusl spherical sberration
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 iz the smalicst and not
necessarily where the resolution ia hest.

The present work gccordingly confirms the resulie
of earlier workers (1, 2, 5] that a difference in focal
setting exiats hetween the scttings for best resclution
and for beat contrast rendition, However, it em-
phasizes the fret that whis difference ia usually so
gmall that it i3 seldom advantageous to set for the
noaition of maximum contrast rendition for low-
frequency patierns gs op ed to satiing for the
position of maximunm resolution. For example, in
aqmne eatrlier work [1, 2], the difference in focal settimp



for freguencies in the image of 4.1 and 20.6 Yines/mm
was mndicated to be as high as 0.03 in., or &.76 numn.
It wos further indicnted that the improvement in
contrast rendition would he quite nppreciabie at the
lower fretilue-ncies in aetling at the optimum image
contrast for those frequencies with marked loss at
the higher frequencics. It is clear from the resulis
shown in this paper for the three lenses, shown in
fipure %, that the shit in forsl sett.mgs between
frequanci{ra of & and 20 lines/mmt iz st most (.20 mm,
Moreover, the slight gain in contrast rendition by
setting at the maximum for the low frequency is not
sufficient to warrant mnﬁﬁng the appreciable loss
in contrast rendition at the higher frequencies. 1t
iz probable that some few lenses of a given type show
foral shift= ps high as 0,76 mm, but it seems Lkely
t-h;al; such lenses mre the oxception vather than the
rule

The author e
and advice rendered by

Roberi E. Stephens.

resses appreciabicn for the interest
ranciz K, Washer and
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