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1. SCOPE

l.1 PURPOSE. This stindard is issued for
the purpose of establishing uniform defini-
tions, nomenclature, classification of defec&
methods of testing, and m=urements xr-
taining to the field of photographic lenses.
An appendix, containing nonmandstiv ref-
erence matirial, is provided for use in the
preparation of specifications and other pro-
curement documents.

1.2 CLASSIFICATION. This standard
covers photographic lenses typed according
to their use. The kevords are italicised for
convenient reference.

I

11

III

Iv

A- Recmruzissance. A &pe I
lens shall be suitible for use in
aerial reconnaissance. It Wii be
used at or near infinity focus and
usually *1 have low distortion and
a fiat field

Aerial Me. A type II lens
shall be suitable for use in accurate
aerial mapping. It will be used at
or near infinity focus and usually
will have a flat field. The distortion
characteristics in this type of lens
are usually designated and con-
trolled within precise limits

General Photographic. A type IYI
lens shall be suitable for use in
view camera and hand-held still
mmeras. It will be used to photo
graph both near and distant oh
jecta.

Process. A type IV hms shall be
suitible for use in photolithogra-
phy, procesg work, and predse re-
production from flat copy. It will
be used a: or near unity magnifica-
tion. In this type of lens, lateral
and longitudinal chromatic aber-
ration. secondary spectrum, and
distortion are corrected to a high
d-m.

1

v

VI

VII

VTII

Ix

x

x?

Motion Picture Camera A me V
lens shal! be suitable for use in
motion picture cameras. It will be
used to photograph both near and
distant objects. A &pe V lens dif-
fers from a type III lens in that it
usually is of shorter focal length
and smaller field of view.

Enlarger. A type VI lens shall be
suitable for use in photographic en-
largers. It will be used at fini*
magnifications, will usually have
low color aberrations, and in cer-
tain applications distortion charac-
teristics will be designatd and con-
trolled within precise limits.

Projection. A type VII lens shall be
suitable for use as an objective lens
in motion picture, film strip,
opaque, slide, and overhead Pro-
jectors. It will be used at finite
magnification and will have a fiat
field. This type of lens usual?y dif-
fers from a ~ VI lens in that it
is faster, covers a smaller field of
view, and has less correction of
aberrations.

Phdomimographic. A type VIII
lens shall be suitable for use in
photomicography. It will be used
with the object at the sho~r con-
jugate.

Portrait. A type IX lens shall be
suitable for use in portrait phot~
~aphy. It wit] be used to photo-
graph both near and disbnt ob
jects. It usually differs from a type
IIT lens in having less comwtion of
abwrationg,

V&w/f%vf&. .4 type X !PRSshal! he
suitable for use in view%riders.

Con.densm. A type XI lens shall be
suitable for usc in condensers. 1t
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XII

/“

XIII

will be used for the collection and
distribution of radiation in projec-
tion and enlarging systems .

COW’W. A type X11 lens shall be
suihble for use in reproduction
from fiatcopy. It will be used at or
near unity magnification. It usually
differs from a type IV )ens in that
it has greater lens speed and less
corrtx%ion of abemations.

Microphotographic. A type XHJ

)ens shall be suitable for use in
microfilming and miq~pying. It
usual!y will be used at msgniika-
tions between 0.1 and 0.024.

XIV Recording. A ~ XIV lens shall
be suitable for use in recording irt-
stm.rnents or fluorescent screen
presentation. It will be used at a
finite magnification and genedy
will be of a special design to meet
the specific requirements

2. REFERENCED DOCUMENTS

21 NOT APPLICABLE

3. DEFINITIONS

u AXES PoINTS ~ D~A~c=

3.1.1 Optid d. The optid axis of a
perf~t lens or lens coti+h.utiw. is that con-
tinuous straight line h space which passes
through al] of the centers of curvature of
the various spherical optical surfaces, coin-
cides with. the axes of rotational symmetry
of nonspheri-1 surfaces and is perpendicular
b fiat surfaces.

3.1.2 A& of best dejkitio~ The axis of
best definition of a lens is that line in wb ich
is perpendicular to the plane of best definI-
tion and passes through the principal focus.

3.12.1 F’bne of best definition. The plane
of best definition is that plane in the image
space which contains those images repre
senting a compromise of quality sekcted as
best for the pur~se for which the lens is
intended.

2.1.2.lJ Plane of best avmg~ d~finitkn
over the picture area. The position of focus
giving the highest w ea Wci&htcd ~W’YaFP
resolution ( AWAR) will be first rrmsidw~d
as the position of best average dcfmition

2

over the picture area, or BADOPA. In case
the resolving power for the axial image
point is less than the AWAR, the position of
focus at which the axial resolving power
equals the AWAR will be considered the
position of BADOPA.

3.1.212 Field Mt. A lens field tilt when its
best image plane is tilted with respect to the
mounting shoulder for the lens. This effect
is usually caused by slight amounts of re-
centering or tilt in or within a member of
an optical system. Field tilt results in a lack
of symmetry of resolution in the field of the
lens about the axis. Usually the points of
greatest asymmetry lie along a diagonal of
the picture format. The limits for field ti!t
may be specified in terms of maximum focus
difference between the two positions of best
focus at a specified angle during the diagonal
exhibiting the greatest asymmetry.

3.1.2.2 Best ptincipal focus. The best prin-
cipal fcms of a lens is the point of interzwc-
tjon of th~ lens axis with the plane of beSt

Minition from an incident beam of parallel
light per~~ndlcular to this plane.
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3.1221 When a lens is
without barrel or shutter,

supplied in ceS4
the locating sur-

face of the lens mount is defined as the s-b
ing surface of the rear cell.

3.1.3 Mechm.icd azis. The mechanical axis
of a lens is that continuous gtraight line in
space perpendicular to the plane of the flange
or locating surface of the lens mount and
passing through the center of symmetry of
the flange or lcu+ting surface

3.L3.I JVmq7etilt. The flange tilt of a lens
is the angIe betw~n the opticaI axis and the
mechanical axis

3.L%2 Plane of the receive?. The plane of
the receiver is that plane in the image space
in which the receiver or the film in a camera
is located.

3.1.321 Focal tilt. The focal tilt is the
angle between the plane of best definition
and the plane of the receiver due to the me
cha.nical structure ‘between the kna fknge
and the receiver. It is not a true characteris-
tic of the lens alone.

3.1.4 Equivalent focal kngth.~ The equiva-
lent focal length, or EFL, often referred to
more simply as the focal length, determines
the scale of the image produced by the lens.
When a given object is at an infinite distance,
images produced by distortionless lenses of
the same equivalent focal length will be equal
in size, and images produced by lenses of ciif-
ferent equivalent focal lengths will vary in
size directly as the respective equivalent
focal lengths. The quivaient focal length is
defined by the equation:

7’
EFL = —

tan @
f?=fl (1)

MIL-STWI SOA
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where 7’ is the transverse distance from the
principal focus to the center of the image in
the -s~ce focal plane of an infinitely
distant object point which lies in a direction
making an angle # with the optical axis The
equivalent focal length shall be measured in
accordance with 5.1.2.2.

3.1.5 Calibrated Yocal Zength.x The cali-
brated focal length, or CFL, is defined as an
adjusted value of the equivalent fod length
of a lens mounted in a camera or cone, so
chosen as to distribute the distortion in the
manner best suited to conditions under which
the photograph is to be employed. The di~
brated fowd length shall be detmnined in
accordance with 5.123. The calibration con-
ditions shall be covered by the detailed s-
cification.

3.1.6 Back foal distmtce. T& back focal
dis@nm or BF, is defined as the dis~nce
measuxwd from the vertex of the back sur-
face of the lens to the plane of best definition
The back f(xxd distance shall be measured in
accordance with 5.12.4.

3.1.7 Flmge focal distance. The flange focal
distance, or FD, is defined as the minimum
distance from the center of s~metry of the
lens flange in the plane of the flanue to the
plane of best definition. In a perfect lens, this
distance is measured along the mechanical
axis which coincides with the axis of best
definition. ‘I’he flanae focal distance shall be
measured in accordance with 5.1.2.5.

3.1.8 Front focal distance.~ The front focal
distance, or FF, is definqd as the diatxmce
measured fmm the principal focus located
in the front space to the vertex of the front
surface. The front focal distance shall be
meawred in accordance wjth 5.12.6.

3.1.9 Front vertex back #ocai durtunce.s The
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front vertex back fo-1 distance, or FVD, is
defined as the distance measured from the
principal focus in the back space b the ver-
tex of the front surface. The front ve*
back focal distance shall be measured in ac-
cordance with 5.1.2.?.

3.1.10 Telephoto ratio. The telephoto ratio
is defined as the direct ratio of the equivalent
focal length to the front vertex back focal
distance.

3.1.11 Depth of focus ad ti~h of W.
For every plane in the object space, a pho-
graphic lens produces an image piane of best
definition in the image space. In front of or
behind this plane of best definition is a region
within which the images of the selected ob
;ect plane are of satisfactory quality. The
distance separating the foal planes bond-
ing this region is the depth of focus for the
selected object plane. Similarly, there exists
a region in space within which objects are
imaged with satisfactory qualiw on a select-
ed image phme. The distance separating the
planes bounding this region is the depth of
field. The extent of these regions of satisfac-
tory focus may be defined in temns of a 10
percent reduction of area weighted average
resolution (A WAR) below that obtained at
the best fOd POsttim

3.2 APERTURE AND RELATED QUfi-
‘ITI’IES.

3.2.1 Lens speed. Lens speed is that prop-
erty of a lens which affects the image il-
lurninsnce. Lens speed shall be specified in
terms of the following expressions: aperture
ratio, relath~eaperture, or T-stop.

3.2.2 Aperture ratw.a The aperture ratio
is the ratio 1 :N or the fraction l/N {vmit-
ten in this manner with the first member of
the ratio, or the numerator of the fraction,

‘ A.w*!lu,l $Und-tim*i~~*nrktms~kn~•m~UeuUfiIIC
AIWRWV*●nd fil~~ QUSIIU~ p~njcIS ~ ~~~h’c
bnmu, 238izo -- 1?4s

f

equal to 1) where N is defbmd by the equa-
tion:

1
N=

2n sin a

In this formula, n is the index of refraction
of the medium in which the image is formed
(approximately 1, if the image is formed in
the air) and a is the angle subtended at the
axial point of the image by the semidiarneter
of the exit pupil of the lens at a given dia-
phragm setting. If the exit pupil is not cir-
cular, the equivalent circle having the same
area as the actual exit pu~il should be used.
Thus, for an objective in air, the aperture
ratio is equal to 2 sin a. If the aperture ratio
is given without qualillcation, ib value is
that corresponding to the largest indicaW
diaphragm opening and”an infinitely distant
object. If the object is at a finite dishnce, the
value of the aperture ratio should be qualified
by a statement of the corresponding magnifi-
cation. The aperture ratio is applicable for
the determination of exposure time when
the object is at an infknite or a finite dis-
tance. For any magnification, the exposure
time is inversely proportional to the square
of N. Thus, the aperture ratio is a measure
of the image illuminance. (For test m~edure

S- 5.1.2.8).

3.2.3 Eflective aperture.~ The effective
aperture of a photographic objective for
distint objects, for a given setting of the
diaphragm, is an opening Wuivalent to a
right section of the largest beam of parallel
light from an axial object point that is trans-
mitted by the lens. It is usually circular, or
approximately so, and is specified by its dia-
meter. If the section is not circular, the effec-
tive diameter shal! be the diameter of a circle
havin~ the same equivalent area. (For test
procedure, see 5.1.2.9.)

3.2.4 Clear aperture.~ The clear apetiure
of ~ach surface in a lens system i~the maxi-

—.
i%fma-~-$
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mum clear opening of the surface which is
actually used in forming an image in my
part of the fiekt The mount aperture at each
surfaa til be at least as large as the clear
aperture in order that vignetting will not
exceed the computed value. The clear aper-
ture is usually clmdar and specified by its
diameter. It is sometimes referred to as the
free apertnwa

3.2.5 Relative aperiure.s The relative aper-
ture shall be defined as the ratio of the EFL
to the diameter of the effective aperture. The
8~bo1 for relative aperture shall be f/
followed by a numerical value. It is mitten
aa a fraction, for example, f/2 signifies that
the diameter of the effective aperture is onr+
half the focal length. For an object at an
infinite distance, the denominator of the re]a-
tive aperture and the aacond member, N, of
the aperture ratio are identical, provided the
image is formed in air and the imagery obeys
the sine condition.

8.2.5.1 ~+wmzber.~ The f-number shall be
detlned as the denominator in the expression
for the relative 8pertur~ Thus, if the rela-
tive aperture is f/2, the f-number is 2.

3.26 T-dup and T+wnber.r The T*P is
referred to as the aperture of a lens cali-
brated photometrically and assigned a T-
number, which is the f-number of a circular
Opening in a tictitioua Sens having 100 per-
cent transmittance, and which gives the same

, oantral image illuminanca aa the actual ha
atthespecifkd stc?papaniag. Hence, for a
ha with a circular aperture, the

f~number;
T-nurnk S=

Vr

where t b the traasrnitinae. For a
an effective aperture of any sham

~ti~krnk
*aafm!tawt94,-*

(3)

lens with
nnd area

A, the corresponding formula is:

f r 9?
T-number = — (4)

2 7

The transmittance of the lens shall be defined
as the ratio of the transmitted light flux to
the incident light flux The symbol for the
T-stop shall be T followed by a space and a
numerical value — for example, T 2. The
numeral 2 represent the T-number. (For
test procedure, see 5.1.2.10.)

3JL6J Area weigMed average T-number.
The T-number as defined in 3.2.6 is a com-
parative measure of illuminance on the axis
of a lens. Since the ikninance usually varies
over the field, a need may exist for determin-
ing T-n urnbers for off-axial image points and
computing an average T-number. In accord-
ance with the basic photometric relation-
ships involved, the general definition of T
number is given as

Since, in accordance with this definition,

;G= ‘~d~

IrI these expressions, T, is the T-number for
an image point in a zone i, T. is the axial
T-number, B is the object luminance, Eo is
the ikninartce on the axis, and El is the
average illuminance for the zone. Compatible
units should be used for quantities B, E.,
and Et. When the il)uminance is averaged
over the field, weighting the average by the
area of the circuIar zone in which the illumi-
nance is determined, and thi~ average is sub-
stituted for E, M equation (6), the resulting
T-number is called the area weighted aver-
age T-number, or AWAT. For circular zones
which extend beyond the boundaries of the
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picture formaL only the area lying within the
fonnatahall bensedind~ the
weighting ratim “he eqnationa for comput-
ing AWAT are:

Ill>4 Et
AWAT = T. — (7)

_ A&

or AWAT = 10 To
l’G’8’

in which A is the total area of the picture
format A, is the area of a ~rticular zone
and 8* ia the average relative Uhmlnance for
that zone expreasad in Peroenk

3.27 Fronf tqwatkg ~c. ‘I%e front
operating aperture is defined as the Hti
aperture at the front of the lens. It will nswd-
ly be given as the maximum dhmeter of the
entrance cone at the front ver&x for the spe+
cified field of view at Mni& foaa.

32.8 R- operating aperture. The rear
operating aparture is deti as the Ximiting
aperture at the rear of the lend. It will uw.ud-
b~@V~~*e maximum diamek of the
emergent cone at the rear vertex for the spe-
cified field of view at Mn.ity focus.

3S CONSTRUCI’IONAL FEATURES.
Pertinent features include details of the in-
struction of the lens These may relate to the
physical configuration, or arrangement of
the individual elements, to some specified
optical characteristic or to the nomenclature
of the various parts. Constructional features
of photOgra*ic lenses are listed with defini-
tions and explanatory data

3.3.1 (lptti @stem.” The optkd system
includes all the parts of a photographic lens
and accessory optkal parts which are de
signed to contribute to the formation of an
tie*the phOtOgmphicaulakm 9r ona
screen for viewing.

3.32 Member.D A member of a phob-
grsphic i- is * group of Partla @nai-
as an entity because of the prosimi~ of iti
parta or because it has ● distinct but not al-
ways entirely separate functio~

3X3 Cwnponenf.8 A component of a photo-
graphic lens is a subdivision of a member. It
may consist of two or more paxta cemented
together or with near and approximately
XnatWng Sutiaces.

3.3A JUenwnt.~ An element of a phob
graphic kns is ● single uncompounded lens,
i.% a part constructed of a single piece. The
total number of ekments is a significant con-
structional feature of a la

%3S Front of photo~phic Zens.s The
front of a photographic lens, in generaI, is
the end carrying the engraving, and usuaW
king the longer conjugate. In lens draw-
ings, the front generd!y faces left or up. A
notable exception is certain lenses intended
tQ be used in photomicography in which the
front of the lens faces the shorter conjugate.

34.6 Back of photographic Zas.S The back
of a photographic lens, in grneml, is the end
carrying the mounting thread or other at-
txiching means and usually facing the shorter
conjugate.

3A7 Name of desigx Designs of lenses in
which patiicukir configurations of elements
are employed are often given names. These
names are usually trade names, and the name
ordinarily applied to any particular configu-
ration is usually the trade name of the oldest
design of a particular type such as “Tes-
aar.” IXLsome ~, however, the design
name may not be a trade name but may be
based on some feature of the lens configura-
tion such as ‘%ymrnetrical.”

3.3.8 Telephoto. A telephoto lens is defined

/-’

(

6
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as a lens for whick the telephoto ratio is
greatzr than on~ (See 8.1.10.)

3X9 G&zss tmtn. A constructional feature
is the type of optical glass of which each
element is made

3.4 MECHANICAL AND STRUCTURAL
FEATUR=.

3.4.1 CeU. A cell is a mechanical structure
haldirtg an element, component, or member.

3.4.2 Bamel. A barrel is a mechanical struc-
ture in which the lens is mounted.

3.4.3 Cone. A cone is defined as the m+
chanical structure to which a lens barrel or
shutter, with lens, is attached in order to
bring the image in focus in the film plane of
a specific aerial camera.

3.4.4 Lens diaphragm. A lens diaphragm
is a mechanical device for reducing the ef-
fective aperture of a lens. It may take the
form of an iris or a Waterhouse stop. An iris
diaphragm consist of leaves providing an
opening continuously variable in size. A Wa-
terhouse stop is a removable aperture of fix-
ed size which fits in the lens barrel. Water-
house stops are usually provided in a graded
series of apertures.

3.4.7 Spanw wrench opcningn. When re-
quired in order to facilitde removal of cells,
elements, mmponentx, or members from a
cell or barrel, there Aall & *o openings
180 degrees apart for application of a span-
ner wrench. Each opening shall either be
circular in akpe, or a slot with parallel
sides.

3.5 FXELD OF VIEW.The field of view of
a lens is a measure of the size of the image
area or conjugate object area which is satiw -
factorily reproduced. This field may be de-
fined in terms of the maximum size of the
negative or projection material with which
the lens is to be used.~” The angular measure
for field of view is the half angle, which, un-
less otherwise specified, is the angle subtend-
ed at the first nodal point by the optical axis
and a straight line to an object point which
is ima~ed at tic extreme comer-of the nega-
tive. For a projected image, the half angle
is the angle subtended at the second nodal
point by the optical axis and a line to the
image point conjngate with the extreme cor-

ner of the projection material. The half
angle is sometimes referred to the side of
the image area and in such cases it shall
always be so specified. The field of view may
also be designated as the toti’1 field angle
which is twice the half an~le. Coverage is a
less precise term for field of view.

3.45 Iris diaphragm control.* Unless other- 3.6 OPTICAL (XARACTERISTIC5. Opti-
wise specified, when looking at the front of
a lens or remote control knob, a counter-

cal characteristics include all properties of a
lens affecting its optical performances such

clockwise rotation of the diaphragm control
shall reduce the aperture or stop the lens

as image quality, distortion, transmittance,

down.
image color; and condenser chsractertistics.
When specifying optical characteristics or

3.4.6 Parfocaked. Lenses mounted in bar- individual aberrations, the definitions and

rcls may be specified as parfocdized, i.e., the nomenclature set forth herein shail be used.

flange focal distance may be specified to close 3.6-1 Image quality. Image quality embrac-
tolerances that would secure an image in
satisfactory focus when the lenses are !nter- M~~ Sims for Alr CBMUU. ABC An ~ gt~l. 6 FQb.

w The PO-iebm- S* *1 ●ir =-~ fa-t ●* *)I

7
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es all the properties of a lens affecting the
quaIi& of the image such as resolving power,
aberrations, image defeck, and veiling glare
Aberrations are optical defects inherent in
the lens desi~ Because of manufacturing
variations, it often happens that the maas-
ured aberrations cliffer from the computed
aberrations. Image defects are optical de-
fects not inherent in the lens design and re-
sulting entirely from manufacturing and
mounting variations. Thii standard is pri-
marily concerned with optical performance.
Optical perfomuum can be meaaured in
terms of resolving power, or specific optical
characteristk

&62 Res_ powtw. The resolving power
ofakns isa measure of its abiii* to image
C1OZAY6paoed objacts ao that they are rewg-
nizabie as individual objeck The resolving
POWWldlldlbew~htim~r milli-
me’kr, naually in the short conjugate plane.
Reaolvix Power is maaaured by PhOtXXralk-
ingor~dti=-tis~
cified angulaz distances from the center of
the field. l%e test charts shall consist of
~ of parallel straight Iinea and spaces
of affnal width: the resolving power is the
reciprocal of the center-to-center distance
of the lines that are jnst disthguishable in
the recorded image. By “just diatinguish-
~1~” ~ _ tit tie &server is able IXM
count the comsct number of lines in the re-
corded ~ over the entire kngth of the
lines and in the correct orientatio~ subject
b the protilon tit no coarser pattern dtin
beunreaolvdThe appearance of rwohrtion
Inaflner lmtbsrn after fdure*redve ●

eoaruer pattmhl anhdicdionoftip -
eneeof spurkms readution. Spurious reedu-
tion is a phenomenon wherein fine lines are
reso?ved, yet coarse lines are not For non-
axial poti, it in neeemwy to wnakler the
O?k!llt#U(ai afUMlillu Fur~*
-m ~ for radial lines, or “radial
resolving power” (imlnetimes called ‘6a@ttrd
Wiving ~), at ● given point in the

image plane is the rexdving ~er for c~=
IYspaced lines that are parallel and ad~aamt
to the radius drown from the center of the
field to the given pointi Resolving power for
tangential lines, or ‘tangential resolving
power,” is the resolving power for c~a$eb
spaced parallel lines that arc tangent and ad-
jacent to a circle drawn through the giv~
point whose center lies at the center of tie
field. Iksolving power may be speded as
minimum accepbble resolving power, r-
gardless of whether radial or tangential at
specified angles from the optical axis of the
lens, or it maybe specified at botk minimum
acceptable radial and minimum aceepkble
tangentkl resolving power at _ ~
k di-- frmn the optical axis. The aver-
age rwolving power weighted in tams of
the am of the negatim the area weighted
average resdntion (AWA.R), provides a
single value by which the r-lving power
for the entire field may be specified- (See
3.121S and 8.6Z5.]

S60%1 PhdogTapMo redvinu power.
(

Photographic reaching power is nsed in
spedfyhg and meaamtng performance of
@pel,~,~,~,V,~,~,md~k=
and is the greabst number of lfnes per millim-
eter recorded photogmphkdly aa separate
lines. A target patten is considered IWOlved
when it meete the ccmditiona descrikd in
3.62. photographic resolving power depends
markedly on the photographic conditiom
emPIoYed, and on the presence of back-
ground glare frmn the ihminated ta*
When spdfyhg photogratic resohdng
power, it is necessary also to P& *
color of light to be used, the tgpe of phob-
8enaitf7enWtlddmd~*?* -
spwdstwhkhth tutiaeti=~-

of the targe% and the magnification or focus
at whiclr*e 1- h * (SW 5.~~01)

&6JLZ V& r4aiJu&g POWCW.Vhn81 r~
soivirtg Wverhnsed in4dfYbWm~
measuring oftYPexknst14db -
as the greatest number of lines per miXD~

a
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meter in the image of a test target pattera
that are just barely distin~ishable as sepa-
rate lines under adequate magnifimtiom
When specifying visual resolving power it is
necessary also h specify the Wget contrxL
(See 5.1,2.12.2.)

3.6.2.3 Projected photographic resolving
powtw. Projected photographic resolving
power is used in specifying and measuring
the performance of type VI lenses and is
defined as tile greatest number of lines pm
millimeter, in the object plane, that are bare
ly distinguishable as separate lines when
obseming under magnification a phow
graphically recorded, projected image of a
suitable test target. (See 5.1.2.12.3. ) When
specifying projected photographic resolving
power it is necessary also to specify lens
.Wed f ecus, magnifi~tion, type of illumina-

1
)
I

i
t
I

tion, contrast of target, type photosensitive
material and its processing.

3.62.4 Projected visual resolving powm.
~:eje~~ ~*~322] ~eCIViE~ power is used in

specifying and measuring the performance
of type VII lenses and is defined as the
~eatest number of lines per millimeter in
the object plane that are distinguishable as
separate Iinea in the projected image. When
specifying projected visual resolving power,
it is usually understood to imply a high con-
trast target (dark lines on light back-
ground). (See 5.1.2.12.4.)

3.62.5 ATea weighted average resohdiorz.
A single average value for the resolution
over the picture format may be determined
for any given focal plane as the area weight-
ed average resolution, or AWAR. To dete?-
mine the AWAR, the picture format is
divided into concentric annular zones whose
boundaries are determined from the angles
which are midway ~n successive test

angles. For zones which extend beyond the

boundaries of the picture format, only the
ama lying within the format shall be used
in determining the weighting ratio. The res+

9

lution obtained at any given &t angle is
multiplied by the ratio of the area of the
zone for that angle to the total area of the
picture format. The AWAR is the sum of
these products. To obtain a single value of
the resolution for each test angle, the g-
metric mean of the tangential and radial
resolutions shall be used. However, the comp-
utations may be simplified by the use of an
arithmetic mean whenever the tangential
and radial resolutions differ by less than a
factor of 2 to 1. When more than one rneas-
urernent is made at any given test angle, an
arithmetic mean shall be determined for the
tangential and another for the radial res~
lutions. The area weighted average resolu-
tion is defined as:

—.

where Al is the area of a particular zone, RI
is the average radial resolving power in this
zone (or radial resolving power at the mid-
point of the zone), T, is the average tangen-
tial reaching power in the zone (or the tan-
gential resolving power at the midpoint
of the zone), and A is the total area of the
picture format, and z is the summation
sifi, surmnatirzg the values

over all zones in the picture area.

3.6.3 Astigmatism and curvature of )ield.
In general, a lens possesses two image sur-
faces: one in which lines radial b the optical
axis are best defined and the other in which
lines tangent to circles concentric with the
axis are best defined. Noncoincidence of
these two image surfaces is called astig-
matism, and the separation of the *O image
=rfaees, measured para+kl b the opbkd
axi$, is called the astigmatic difference. A
median surface lying between the Invo is caU-
ed the surface of least confusion and the defi-
nition in this image snrlke is least affected
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by orientation of the objeck None of the sur-
facea ia a true plane. The departure of the
surfaw of kid confusion from a true plane
ia called cnmature of field. Resolving power
fi~ specified in accordanw with 3.62,
will usually be considered as referring to a
fiat image and object plane. When cumature
of field is specified, tbe magnification at
which {t is to be measured shaN be dated.
(See 6.1.2.13.) Figure 1 is plow an an ex-
ample of the astigmatic difference.

RAt)l AL
/

AM6VL~?D15TAMCEFROM AXIS

306.4
&dixmd
lateral

Fwuu I. A+mtatic Differwme+o

Color comectiom Color correction is
as ‘~e redactb ef kr@udinal and
chromatic aberratiolla. It may be

s@fkd h terms Of the kind of light and
eokm aenaitivi~ of the photographic mak
ridtoben aedwftht hekna,~wtheh is
color corrected for me with white Ii@it and
panchromatic film of ASA sped 100. The
color comection may be specified in terms of
the Fraun!!ofer lines in the solar s@mrn
that are b be uml in the lens calculations,
&g., C and F correction The magnification
at which the dm co~on is aeeompliahed
8ha!l & dea!gaated. (See 6.12.14.)

3&4.1 &@tu&ul cbmutlc “ Obtih
~U Cb.rOmatkabemation u defined
aa a variation in back foal distance for light
of different colors or wave kngtlm It is
spdfkd in tunna of thin focal change for
Iiti of speciikd CO~OX%.(% 6.12.14.1.)

FkFuw2is Pbtt@dm-1-=*of+
tdnal dmnnatic abamtion

a0U2 ad ehmmutu abm’ation I&&

L
o m
x
~zm -
xx
W*
d Sm -

+

;:-

-s -a 0 ●a -.!0 ●JS

FOCAL CHAN6E (m)

FI- 2 lkngitwhd ChTomalu Abewat ion

rai chromatic aberration is a yariation in
image scale of a lens for light ‘of different
colon or wave lengths. When required,
Iimiti on lateral chromatic aberration will
be spcwifitxl as the radial displacement. in
rnillimetera of the image in the first color
from the image of the same point in the
second color. (See 6.1.2.14.2.) Figure ?3 is
plotted as an ~ple of lateral chromatic
abermtion

z“”+ \

“~”
WAVE LEWH W LIG~ (n~

Frcurz3.Luti Chwmatu ‘Abewntim

3.6.5 Mag@uztium

3.651 Pmuio.1 ~gnib.fbm The W-
al znagnifkxkion, often referred b more
simply aa magni!kation, dewnninea the tie
of the ~ when the objti is ●t a fbite
distmm from the kna. The paraxial xnagni-
fwation, or PM, is defined by the following
equation:

Y’
~ . limit — (lo)

7
7=0

wbere~ia tbemdial dialanes from theo@i-

cal axin In the image point in the image plane

(

\
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conjugate with the object plane, and y is the
radial distance in the object plane from the
optical axis to the object point. unless other-
wise specified, the image plane is defined as
the plane of best photographic imagery for
the axial object point; the image plane maY
also be specified as the plane of best defin i-
tion. Paraxial magnification shall be meas-
ured in accordance with 5.1.2.15.1.

3.6.5.2 Calibrated magni~tion. The cali-
brated magnification, or CM, is defined as an
adjusted value of the paraxial magnification
of a lens mounted in an instrument. This
value is so choqen as to distribute the dis-
tortion in the manner best suited to the con-
ditions under which the lens is to be em-
ployed. The calibrated magnification shall be
determined in accordance with 5.1.2.15.2.
The calibration conditions shall be covered
by the detailed specification.

3.6.6 Distortion These are two kinds of
distortion-radial and tangential. When dis-
tortion is referred to without designation,
radial distortion is implied. In some in-
stances, it may be desirable to specify the
distortion in terms of cartesian coordinates
rather than polar coordinates. Because of the
wider usage of the polar method of specify-
ing distortion, radial and tangential distor-
tion only are defined in this standard. This
does not preclude the specification of dis-
tortion in Cartesian coordinates. Small ran-
dom distortions throurh the field mav be
introduced bv inhomo~eneities in the glass
and irregularities in the surface of the ele-
ments. Figure 4 is plotted as an example of
distortion.

3.6.61 ??ndia? d;stor(im Radial distortion
is a radial displacement of ima~e points
from the urtdistol%etlposition, computed on

the lxwi~ of the equivaknt final kmth or
calibrated focal lentih when the object is at
inifmitv, or on the basis of paraxial ma~i-
fication or calibrated magnification when the

object is at a finite distance from the lens.
When radial distortion is presen~ straight
lines in the object space not passing through
the optical axis are reproduced as tuned
lines in the image. When the image point is
displaced radially outward from the center
of the image, the distortion is positive (com-
monly called barrel distortion if the absolute
value of the negative distortion is ccmtinu-
ously increasing from the center. ) When thr
displacement of the image point is toward
the center of the image, the distortion is
negative (comrnonl y called barrel distmtion
if the absolute va)ue of the negative distor-
tion is continuously increasing from the
center). The magnitude of the distortion and
its tolerances shall be specified in milli-
meters. It may be specified in terms of the
amount at different field angles, or by means
of a cur~~e,plotted in millimeters against the
field angle. When limits to the tolerated dis-
tortion are specified, they shall be specified
in millimeters and shall apply to any part of
the field for which the lens is corrected.
W&m specifying distortion, the conditions
under which the lens is used, whether with
paral}cl light, copying at 1 to 1 or 1 to 2, etc.,
shall be specified. (See 5.1.2.16. )

3.6.6.2 Tanmwtial distortion. Tangential
distortion is an image defect resultinu in the
displacement of image points (from the un-
distorted position) per~ndicular LOs radius
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from the center of the field. The radius from
which tangential distortion is measured
originates at the principal point of autocolli-
mation and mntains the undistorted image
point (the point at which the image would
have fallen if it had hot been dubrted).
When tangential distortion is presenL
straight iines in the object space which pass
through the axis of best definition are rep-
dwed as curved lines in the image. Tangen-
tial distortion is usually specified as a maxim-
um permissible value throughout the field.
(See 5.1.2.16.7.)

3.6.6.3 Ewe?’s of ctmtration. Lenses with
spherical surfaces are usually designed to he
so constructed that the center of cunfature
of all the surfaces will lie on a single straight
line termed the optical axis of the leu If
aspherical surfaces are used, their individual
axes should correspond with the optical axis
of the lens Failures to comply with these
conditions are termed errors of centraiion.
Errors of centration causetangential &stor-
tion, prism effect, field tit and asymmetric
radial distortion.

3.6.6.4 %ncipal point of autocoUimation.
The principal point of autocollimation is a
term used in measuring distortion and is de
fined exactly the same as principal focus,
except that the plane of best definition is
assumed to be the actual emulsion plane of
the camera. (See 3.1.2.1.)

3.b.6.5 Prism eflect. A lens has “prism
effect” when light from an infinitely distant
object point passing through the rear nodal
point on a line perpendicular to the image
plane of a camera is not imaged at the princi-
pal point of the perspective. The principal
point of the perspective is the point of inter-
section with the focal plane of a perpendicu-
lar C!rOPpedfrom the rear node] point d khe
lens ‘lTw principal point of the perspective
and principal point of autocollimation should
coincide. Recentered lenses behave as
consisted of an ideal ien$ plus a thin

if they
prism.

/’-

‘he limits on prism ti~ when rq@re&
shaube8peC&d intunuof’the vertexar@k
of the prism (index = ~) which would
give the same madt used in axnbination
with a perfect lerm (See fi.1217.)

3.6.7 Relative ill uminatiom Rekkive illu-
mination is defined as the ratio of the fllu-
minance at the focal plane, for off-axis field
positions, to the ikmbance “for the center
of the field. This aasumes that the hrninane
of the object tleld, as observed from the lens,
is the same throughout the !kJd, or that the
field is a Lambert’s law surfaa The raduc-
tbn in ihn.inan Oenlaybed!l etoaucllauaes
as absorptio~ cosine variations, and band
vignetting. Relative ilhrmhation SW be
specified * pe~t of dal m~~ for
image points at given angular distances. A
curve on which peme.nt of * ihmhance
is plotted against field angle may be use&
For purposes of ecati~ the following
example is given: At f/6.3 the image il.hxrni-
nance at 4S degrees shall be no less than 8

percent, smd at 35 d~ no 1- than 20
pement of the image ilhaminanoe on axis.
(See 5.1.2.11.) Figure 5 is plotted as an ex-
ample of relative iilurnination.

+

3.6.7.1 Vignetting. Vignetting is the pr-
gressive reduction in the cro~sectional area

12
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of a beam of light passing through a lens as
the obliquity of the beam is increased. It is
due to obstruction of the beam by the various
mechanical apertures, lens mounb, e%
within the lens. (The cross-section of the
beam must be taken in a plane perpendicular
to the optical axis of the lens. ) Thus the
beam of light from an axial object point
passing through the lens is generally circu-
lar in cross-section, whereas an oblique beam
originating at any extra-axial object point is
generally non<ircular in shape due to the
‘vignetting” action of the various limiting
apertures within the lens. ‘R@ restricted
usage of the term “vignetting’ must be care
fully disthguished f mm its common mean-
ing, which generally refers to the progres-
sive reduction in image illumrnance at in-
creasing obliqnib; the popular term thus

combines the two distinct concepts of area
vignetthg and the cos’ effti .

3.6.73 Co# Zaw. When light from a uni-
fom diffusirrg source falls on a plane screen
pandlel with the source at a distance from
it which is large in comparison with the di-
mensions of the acqwce, the illuminance on
the screen varies approximately as cos’ +,
where + is the angie between the axis of the
source and the Iine joining the center of the
source to the screen-point under wmsidera-
tion.

3.6.7ZJ IUuminance dtitributia When
illuminated by an object of uniform lumi-
nance (Viewed fr~ the lens) and of a size
sufficient to entirely fill the field of view, a
lens having a circular diaphragm @vest
within the mechanically unvignetted portion
of the field, a clistrl%ution of iIluminance
which foIlows the COS’law in terms of the
obliquity an~les at the diaphragm provided

that the conditions stat-cdbe!ow arc satisfied.
A lens with a diaphragm in front gives a
distribution of i71uminance propot’tioml to
em’ o (whine + iS the Obliqufti an~k in the
object space) if the image is free from dis-
tortion and if the distance from the object
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plane to the diaphragm is very large with
respect to the diameter of t&e diaphragm.
A lens with an internal diaphragm gives a
distribution of illuminance proportional to
cos’ @’d(where #Jdis the obliquity angle in the
diaphragm space) if the component behind
the diaphragm does not contribute to the
image distortion and the aperture is very
small. A lens with a diaphragm behind it
gives a distribution of illuminance propor-
tional to COS+*’ (who-e +’ is the obliquity
angle in the image space) if the distance
from the diaph ragrn to the image plane is
very large with respect to the diameter of
the diaphragm. In each case, the distribution
of ilhuninance exactly corresponds to the
distribution that would be obtained with a
small circular Lambert’s law source plaoed
at such a distance from the image plane that
the obliquity angles from the center of the
source to the image points are as defined
above.

3.6.7-22 Variution of COS4Zaw. Ordinary
optics] distortion in the lens will in genera?
have a considerable effect on the distribution
of illuminance across the field when express-
ed as a function of the entering obliquity
angle c. Some lenses have been constructed
in which the cos q +’ law has been almost
completely nullified by the presence of a
sufhciently large amount of barrel distortion.
Regarded naively, the distortion rosy’ be said
to compress the outer part of the image, thus
increasing the illuminance within it.

3.6.7.3 Beam sections. When it is necessary

to compute the light distribution to be anti-
cipated in a nevv lens design, or when esti-
mating the light distribution from the di-
Ynen@Om of a lens without making actual
photometric measurement, it is necessary to

detemine the section of a light I-mm as it
enters or leaves the hms, at adopted refe-
rence planes perpendicular +2the optical axis
@f the hms. Convenic- L r~ference planes are
the planes defined by the rims of the lens
mounts at the two ends of the )ens barrel.

13
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A light beam from an extra-axial object
Poink proceeding through the lens to its
image point, mull inteti these *O refe-
rence Planes in *O “beam sections,” gene
rally non-circular in shape. These sections
can be plotted and the areas measured (see
6.1.2.11.4), or they can be computed if the
lens construction is Imown by tracing a
sticient number of skew ray~

3.6.7.4 Obliquity angels. For any point of
the reference plane in the object spat% + is
the angle between a normal from the front
nodal point to the reference plane and a line
joining that point with the object pointi
Similarly, for any point in the reference
plane in the image space, # is the angle be
tween the normal from the rear nodal point
to the reference plane and a line joining that
point with the image ~int. The obliquity
angle * is the same for every ray of the
entering oblique parallel beam.

3.6.8 !fwwmittun.ce. Lens transmittance is
defined as the ratio of the light flux leaving a
lens b the light flux entering the lens. It is
specified as a percentage. When specifying
percent transmittance and tolerance, the
color of the light incident on the lens should
be specified, and the spectra) sensitivity of
the film, when used, should also be specified.
Percent transmittance may also he specified
as spectral transmittance, wherein the trans-
mittance at each wave length is specified.

3.6.8.1 Color contribution. For some uses
the color of the light transmitted by an opti -
al system is an important consideration.
The ccdor of the optical glass, coating~ inter-
ference films. and tiltirs used detirmine this
property. The effect that the optical system
has upon spectral characteristics of the Ii?ht

flux entering the system is termed “coior
w-butmn.” Tius property of an optical
system is specified and measured in terms
of conventional spectrat transrntttance
curves, wherein transmittance in percent is
plotted against wave length in m~.

33.6 Spluricd d em#iorL Spherical aber-
ration is Uinad as maoptical defect in which
rays of light through different narrow annu-
lar zones of the lens (conwmtric with tie
optical axis) from an @al object point do
not come b focus in the same plare When
required, the Aimitson spherical aberration
IMy be Specified as the difference in focal
position for light through an xn.nular zone
of given width and radius and that for light
through the axiai zone of a radius approach-
ing zero. It SW be negative when the focal
distance for the zone of specified radius has
the greater value. It may also be specified by
mmns of a curve in which the focal diffe-
rence is plotted againat zone radius for dif-
ferent zones. When specifying spherical
aberration, the color or wave Iength of light
used and whether measured at infinite or at
finite focus shall be specified. (See 5.1.2.18.)
Figure 6 is plotted as an example of spheri-
cal aberration.

FOCAL cMA?+se(m)

Flcmc G.”Sp~crica! Abematien

3.6.9.1 Focal shift. Focal shift caused by
spherical ab~rration is an important conside-
ration. It may be specified as a change of
focus either for the position of “greatest
concent=tion” or for the “haze position” aa

‘~ ~ha~ged. It may a~~nbpthe lens aperture I.
specified as the difference in focus betw*een
t.ikse two positions at a given aperture.

3.6.9.1.1 position of greatest con.centra-
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tire. The “positioq of ~eatest concentra-
tion” is defined as the focus position at which
the aerial image, observed under magnifica-
tion, shows the head amount of spreading.
Very coarse resolution charts make a suit-
able object.

3.6.9.1.2 Haze position. The “haze posi-
tion” is defined as the focus position at which
is obtained the highest resolution even
though there is considerable light around the
image of the targek Haze position shouM be
determined with a high contrast target.

3.6.10 Vei&~ gZars. II Lenses in addition
to focusing light to the image plane may
scatter some light more or less widely over
the imag~ This scattered light lowers the
contrast of the image. The scattering may

be d~le to a number of causes, such as dirt
or scratches on the lens surface, multiple
reflections from the surfaces. or reflections
or scattering from mounts. This non-ima wc
frwming light is referred to as “veiling
zla:e. ” The measure of veiling glare is :

E,
v = 1(.li) —$% (11)

E,

where EK is the image illuminance produced
by the glare light, and E, is the total image
illuminance produced’ by image light PIU3
glare light.

3.6.11 Condewer char~teristics. A con-
denser, which may consist of one or more
elements and components, is usually intended
fm interception of a certain portion ctf the
?lght f~ a source and concentration of this
lisrhten a @ven arm ir such a manner that
the image of this srea is satisfrietorilv il\u-
mirtntwi on a screen. The Rdequntc descrip-
tion of a condenser includes: its equivalent
focal tenmh, the ?/ number of the aperture
ratic of the sv~tem with which th~ ~iv~’n
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area is to be imaged, the distance of this
a r= from the f rent vet @x of the condenser,
the distance of the rear vertex of the con-
denser from $&e specified light source. The
performance of a condenser should be speci-
fied in accordance with the test specified in
5.12.20.

3.7 MISCELLANEOUS FEATURES. In
describing a lens a number of miscellaneous
features are encountered which do not
directly relate to any particular aspect of
this standard. These are listed with defin-
itive and explanatory data.

3.7.1 Performance designation. Lensei rwe
occasionally designated by the perfa~c<
they are &signed to supply relative to cor-
rection of specific geometrical Aerations,
the three designations generally employed
being achromat, anastigrnat, and spochrc
mat. These terms are defined in a general
manner as follows.

3.7.1.1 .4rhromai. An achromat is a l~n?.
in which the H% and BF have their vahi,’s
the same for light of two designated WA;P
}engths. Also, the other aberrations a‘~
sufficiently well corrected for the me i:i-
tended.

3.7.1.2 An.udigmut. An anestigmat is a
lens in wMch the astigmatic difference is
zero for at least one zone in the image plane.
In such a lens the other aberrations are
sticiently we?l correc@d for the uae in-
tended.

3.7.1.3 .4~ocb.rcmmt. An apochrornat is a
lens in which )steral and longitudinal Are
mat.ic dxvr?.t.ims are smaller than the sec-
ondary spr~frum residual in ordinary jr?ass
achroznatq and thme WaYP Ien@hs are
brought to a common focus. The other aber-
rations are suficient)y well corrected for the
use intefidrd. In some cases wherein the
color corrections are not carried h the ulti-

16
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xnate&gMJ% thekxu!Mareaome times called
aami-apOchJnalx

3.U Rejkcbn r- ooatiw8. Red-
tion reducing coatings on glass to air sur-
faces of ekmenta consist of thin iilrns of
transparent substan- These substances
are so applied and their indices of refradion
so chosen that they form permammt hard
aatings whh sddantially reduce redhc-
tance at the surfaces for the spedral region
to beuaed.

3.’7,3 Esv&onmentol range. The maximum
range of tesnperatur~ ~ Ilw”di@,
vibratioa and biological conditkma under
Which alenscaa opemkteandbstmd con-
SKtnteitaell” ~=UB=~.-
~de~&~~=d~R-
cept whan- specMe& the zzwtrlcal and per-
fmnance vahws covered by this standard
apply to normal room knperatzrre and Pres-
~ conditions .

30704Up&d guzus.optical glass is a glass
which during znanufactare is cuefnlly con-
troned W& respect to COmpOdt’somme?ting,
heat trdxnen~ and other pmmasiag in

.
order that its optical Chmmk@k, snch
an indice9 of refhdiom dkmmi~ ~s-
nzittanw. spectml tranamittan~ freedom
from kefringenm atmospheric 8tabil&,
* have the values required for the optical
appncation for which it is to be 8eJed.

%7.4-1 Retmctive -. Whens ray is re-
fractedattheaurfaeed~~--
air and a medium, tie ratio of the sine of the

angle of incidence in the air to the sine of
the angle of rcfmction in the maditcn is
aqual to the refractive index of the medium.

9.7.4-2 D&per&m IX8per&m k the diffe
renee h tefrw%w index betnmen the C and
F lines of hydrogen (in the ak~ of more
specific requirements).

s.7.U1 DiupemA pcnoer. Dispersive

/-

power is #e ratio of the diSXlliOXl ti c
and Fto the refmcth index of Sodium

-L

%7.422 Abbe v @w. ‘Ihe Abbe v numb-
er is the recipmd of the diapemive power
and is eqnal to (nrl)/(na).

*74.3 Double refractk When a light

ray is transmitiad through an anisoimpic
Inatdld, it is ill gwerd redved Ml m
Z’ayapolarbd in perpendicular dirwtiolu%
nlis p?lenomenOnisedled”doubler-
tiorL” R also occur8 in a brnogeneons
material such as glass when elastically de-
formed or fnbmally sbased. The maximum
difference in index of refmction for rays
polarized in di!mwnt ibctkms incdled the
“Mrefringenee” of the material-

3.7.4.4 Ch#n&xJ &rabi@ of glulw
Chemical durabiIi& of glaas is the rdatam

+&h the pdilhed glass sample shorn tie
cOrrodfng action d water, atrnouphtic
agmd~ and sqntxms solutions of aci&
baees, and salts.

3.7.5 int.mud merfocee. Internal non4pti-
d surfaces of lenses and lens motmts con-
tribute to veiling glare by light rdkcted
from them into the image space. ComiquenL
]y, where needed so as not to contribute to
veiling glare, km bands an& in some ili-
Stmq MM MIs should be knif~
b8md; lens edfF, mOdS, bimela, ce!h.

seat% and bores should be fhliShed with a
dun black nght-abmwg ma-.

34 BEAUTY DEFIW’S% W* defect=
isretho8e iwrperfee4Ak9d annpwaBti and
e)erneuta of - optbl _ whid do n~
afkt the O@id ChlkT’8Ct@riStiClL ~eY are

undesirable but may be -pted H *W do

nOt=WS~~ “ ofimMQ
quality or envhowner+l stability. The
various imperfections Clasm!’d S8 km

defects are as f-
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S8J.JB’xbbka.Bnbbles are air or gaseous
inclnaiona en~pped within the gb

3JL1JJ Seeds. Seeds are very andl bub
bl~

3.8JL3 AW MZa. Air bells aue irre@=k
tiped W)bk

3AU Cd. CmckJ are aballow sOpam
tiona or breah in the glass

3JJJ3 F~. Feathera are powdered
atufaces folded into the glaas in the pressing

3,83A JWda, or Zaps. Fol@ or lapsj are
areas in whidh the glaaa has been folded
mm itself bwt not fnsed.

3.8.L3 JWU&aaa.. MiI.kineaa is caused
clOudyorrnilky areaawit&in theglasa.

WLL6 ~. StmMS are fmgn.mnta
undiaaolved material in the gti

by

of

3JLL7 S= Stmin is bnaion within the
glaua caused by inadequate annealing or im-
WWr !nourthg. It ia an area of index of
refradon differing fmnn the nominal.

3.8&8 k Striae are steaka or vein9 in
the~~~indemofrdmotwn “ diEer-
ingfmmttmt of the bdyoftheg-

3JW8J Reams. Reams are fine bands of
strim

3.&l.8.2 Cordu. Cords are streaks of very
heavy striae.

3.82 Mwtuf_g &fect.s.

3$2.1 Bliuters, Blisters are bubble~ in a
e$lmmnt ~er.

MIL-STD-15UA
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3.822 BWYU. Burns are reddish stabs
generally gmmnd on the central areas of
elernen~ They are usually caused by the
~g-~ or glazing of a polisher.

3.823 Cement ufurts. Cement atarta are
spots where the components of a cemented
lens have atartd to separak They can be
mndl irregdw spots M- the elements
or run-ins at the * -cient canen~ or
cement at the edge dimolved by a SOIVSIIL

3.823.1 Rkr.&ns. Run-ins are cement
separations at the edge of a cemented com-
=~

3.82.4 Ckips. Chips are areas from which
glass baa been broken away frmn the sur-
f- exlgG or bevel of an optical elanexk

3.825 Cm&a. Cracka are breaks in the

3-826 W8. Digs are breaks of the potiah-
ed surface of a ronnd, oval, SCPUL%e%
shape including pits, holes, and surface
broken bubbles

3.8.2.6.1 IXrt hales. Dirt holes are dip
filled with rouge.

3.8.2.7 Dirt. Dirt consists of dusk lint, or
other foreign matter on the surface or en-
traPPedh8~kY=.

s.828 Gm.WMMS.Grayneas is reprw~~
by finely ground areas indicating incompk:?
or impruper polishing.

3.82.9 Mold nuzrks. Mold marks =:s
marks on the surface produced by mohl;-u

32&10 Oraagu pd. Orange peel is pr=?y
plished surface, pock-marked with pi:.
having much the same surface appearmce
U the skin of an orange

282.11 l%or poiiuh. Poor polish pefiJrM
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to pdiahed surfaces containing minute pits
of a gray or red color. They are gray grind-
ing pita in the surface of the glass, or red
grinding pints in which rouge hss been so
deeply embedded that it has to be removed
by further polishing.

3JL2J2 Scrakhas. Scratches are furrows
or grooves in the surface of the glass caused
by the removal of glass, USUMYmade by
marse gri~ fragments of glass, sharp tools,
eti, rubbed over the surface.

f

3.8213 Smt?m, 80UT?L,water Upd3, etc.
Smears, scum, water spots, e% are residue
of evaporated or unevaporated moisture.
They are usually removable by “normal”
cleaning.

3JUU4 Stak Stain is a discoloration of the
glass surface, usually brown, blue, or green,
cawed by the deposit of foreign mattir, or
changes produced on the surface of the g@ss
by chemical action of some substance with
the glass.

4. GENERAL IU2QUUtIHkiENTS

4.1 MARKINGS.

4.1.1 l+ens markiqm Lens markingzq such
as maximum aperture, focal length, field of
view, and serial number shall be placed on
the front of the iens ceil or on the barrel if
space limitations so require. The lens name
and aerial number shall be assigned by the
rnanufacturer.

4.1.2 CeZlmarking. Lenses supplied in cells
or constructed with removab!e cells shall
have all cells permanently marked with at
least the last three digits of the lens serial
number.

4.13 Mazimum aperture. All types of lens-
es, except types X and XI, shall be marked
with their maximum aperture stated either
as the relative aperture, aperture ratio or
T-atop.

4.1.3.1 The symbol for relative aperture of
a lens shall be f,r followed by the numerics!
vaiue, for exampk f/2.0.1 z

4.1.3.2 The symbol for &e T-stop of a len~
sh%ll be T fo!lowed tIy a sparp and then tho
numerical value, for example T 2.2.

4.1.3.3 f-numberlz Th~ dfwtive d~pmetw

•~~ k A-N UUMW, ZJS.4.?-IV40

of the maximum aperture of the lens shall
be at least 95 percent of the quotient obtain-
ed by dividing the marked focal length by
the f-number corresponding to the maximum
marked aperture.

4.1.4 Iris diaphragm control marking

4.1.4.1 Full stop.lz The standard series of
diaphrr.grn markings, or stop openings, shall
be 0.7, 1.0, L4, 2.@, 2.8,4.0, 5.6, 8, 11, 16,22,
32, 45, 64, 90, and 128.

4.1.4.2 M--mum apertwe wdwe.1~The f-
number corresponding to the maximum aper-
tnye, T-nnmher, or aperture ratio value
marked need not be selepted from the above
series but shall be followed by the above ser-
ies of stop openings beginning with the next
largest mrrnber whenever practical ●nd pr-
-g 8S far as required hi the individual
application; e.g., for an f/1.9 kms the dia-
phragm might be marked f/1.9, 2.8, 4.0, 5.6,
8. etc., if it was believed that to mark it
f/L9, 2.0, 2.8 4.0, 5.6, etc., v-ollld confuse
the marking at the f/1.9 end of the scsle.

4.1.4.3 l%etimurl stop tdu~~. ?n addition
to the numbered values, each stop may be
?:-:idcd into th-w sII1-wj, “.,cl~gy 5? (-10t!l{~y

mar!m (not numbered), the dots being at
“thirds of a stop,” e.g., 0.7.0.8,0.9, 1.0, 1.12,
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1.26, JJ, 1.5, 1.7, 2.0, 202, 2.5, 2.8, 3.2, S.6,
4.0; 4.5, 5.0, 5.6(6), 6S, 7:1, 8.0, 9.0, 10.0,
11.(8), 127, 14-2, 16, 18, 20, 22.[6), 25, 28,
M!.

4.L4.4 Tokrarwe of tnurking. For a lens
marked in relative apertures, if the setting
for a given indicated value is made by prc+
ceeding from a larger to a smaIler opening
(to insure constancy of direction for elimina-
tion of backlash), the marked value shall
not be in error by mom than one-third of a
stop (p] us or minus 12 percent of the dia-
meter or p?us or minus 25 percent. of the
area of the effective aperture). Under simi-
lar conditions, if the lens is graduated in
T-stops, the emors shall not exceed one-
tenth of a stop (plus or minus 7 percent of
the central image illuminance).

4.1.5 Foctd iength.za

MIL-STD-l SOA
12 May !%9

4.1.5.1 All lenses which are marked with
the &quivalent focal length shall indicate
this value by the letters El% followed by the
numerical va)ue either in the English or the
Metric system as required by the individual
application.

4J.52 The accuracy of the marked focal
length shall be as required by the individual
application.

4c~.3 A-Q Of ~Oc2#iTL# IM&X. Focus-
ing scales, when required, shail be accurate
IY marked to indicate the correct focus posi-
tion of the corresponding lens b an accuracy
of ~dg, where ds = CN. N is defined by

equation (2) in 3.2.2, and C is a constant
which may be rela+d to the circle of con-
fusion or the permissible resolving power.
The value of C is determined hy the individ-
ual application.

5.1 METHODS

5. DETAIL REQUIREMENTS

OF TEST ‘AND MEA$
UREMENT. This section deals with methods
of testing and measuring properties related
to photographic )enses. In many cases par.
titular detaiis are not provided but will be
determined by the individual application.
Whenever alt.ernati methods of testing or
measuring are given, the method shall be
employed which is most convenient and
which best agr~s with the intended use of
the lens. When this standard is used in refer-
ence to the procurement of photographic
lenses, only those tests specifically designated
hall be used in the examination of the prod-

WAwrkn.Brkiab~nd}mII Air Stsndmmfi;stienA rfww-nk
FDCSI &n~h, ~ ~ ~ IOFA)? R@wfim6kaam-●nd ~sDu!rts
ckmcmc.ABC AIR :TD S?/4. 15 Msrrh 19$6 For aarlsl FV-

tonndana esmtm!, th follo--inc fecal kndha ●n mdad.
kd : ~i~ +idm. 2% Ima, s tnrh. t% ~nc~. s ~nc~. 9
bfwk. lt hwhw, !8 Imhra. 24 lnr~ 3S metma. ●nd 4# hmhn.
etr., and th fmmi krtha ●w tm bP mmrh~ ITI Inrhcs For

-~ ~ - -at nom\Ml1-I hng2haSW**
s~~d. S inrhea. 12 inch,. 1S Inch. 24 b~, ●nd US
~Bmlnsl fw~l lonptho sr. to b mar-bed fn Inch, l?o-I.

-&iq w8u!d b flo ob~lm ~ ~ ~,~~, (- & {-l

!mwtu b?hw 6 lnrb. AO”M t$u *,,:,w ~ - -~ SW

@sJk*m.

uct. The procurement shall also clearly state
which tests apply b 100 percent inspection
and which tests are b be used only for the
examination of samples.

5.1.1 Ted apparatus. The criteria to be
used in judging the suitability of test ap
paratus are as follows:

5.1.1.1 CoZiinmtor. A eollirnator is a device
by which a test object (pinhole, resolution

chart, etc.,) is made to appear at an infinite
distance from the observer. It commonly
consists of a well-corrected tekaoope ob jec-
tive or ratadioptric syste~~ Wifi * t&
object mounted accurately in the focal plane.
The collimator aperture relative to the lens
shrill be WC)] that the entrance pupil of the
l~ns is fi!lM? with ligh$ of uniftmn ijium{.
nance from every part of the collimator
field.

5.1.1.2 Optical hrnch nnd nodal tdide. The
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microscope objective on the teat &nch shall
hsve a numerical aperture “n sin 4x”greater
than “n sin a“ (see equation (2) in %22) of
the lens being tested. When examining the
edge of the field of a lens, the numerical
aperture of the microsmpe objective shall be
sufficiently large to permit it to intercept
both principal and edge rays. ARHIW9Y,
the microscope may be mounted on a verti-
cal pivot permitting this to be accompliahd
In this case, the axis of the pivot must pass
through the object point of the microscope.
For reference, table I shows the numerical
apertures and their corresponding f-num-
bers.

TAM.ZI

N~ e-
1

f-n~

0.0175
0.0349
0,0523
0.0698
0.0s72
0.1737
0.2588
U420
0.4226
oAiMJ
0.5736
0.6428
0.7071
0.7660
0.8192
0.8660
0.W63
0.9397
0.9659
0.9W
0.99K
1.0000

f/28.7
f/14.3
f/9.55
f17.15
f/5.74
f/2s8
f/1.$3
fY1.46
V1J8
fi.oo
f/o.872
UtL778
f/o.707
f/o.6s3
f/O.610
Vosn
VO.552
f/o.532
VO.;18
f/o.608
f /0.60s
UO.500

5.X.1.!) hqbcity. When testing a km at “in-
finite” focus by means of a target at a finite
distance, the distance shall be considered ap
proximately infinite when it is ~eater than

D measured in feet

(D = 400 fd (12)

where d is the diameter of the effective a~r-

ture in inch-, and f is the El% in inches

of the lens being
nottobensedin
rectly, unkas a auibb}e correction is rnmle
for the plane of best infiniti focus. However,
a distanw D may be used for focusing and
checking resolution of fixed focus cameras
and mnes at infiity. For A- -b
focus resolution only, designated ti~ ~~
thantit of Din formula (Wmyb -
unl% as in some cases, there is a notidk
10ss in resolving power when a kns intended
for use at Mini& is tested at finiti distance

5.L1.4 White light. White light will nsua)-
?y be used in conducting all tests. For most
phobmmtic testat the spectd compositim
of “white light” is not critical and any source
of ligh~ ordinarily considered frw frOIO
color, may be use& For purposes of this
-dard, white light is defined as black MY
radiation of 2750°K to 6000°1L When *
quired, the white light may be filtered tm a
particular color. (The detailed specifidion
shall state whether or not the filters supplied
with the lens shd be used when conducting ,
resolving power tests.)

5.1.1.4.1 Flesh discharge lumps. Flash dis-
charge lamps will be penni~ for making
test exposures provided =re is taken to in-
sure controned charging of tie ~- ~nde~
ser so that suc-ive expomres m-e spproxi-
ma+%ly equal during the photogmphic *
ing pr~

5.LL5 Photopapti pktw mid flm. The
pho~phic sensitized material and the
prowssing used in the testing of atl types of
lenses ahdl be the kinds most ~
used wI* tie ~ of lens bdng * (*
5.12 12.1.)

5U.6 Test C07Kiitti. W?ess ~tid=r]y
required by the intended - an ~ ~d
measurunenta shall be con&IcW3 UI@W m“
mal room conditions.

S-II.7 Resolvtng power t.urgef. The re-

m
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solving power target used on all tests shd.1
be as follows: The target atml.1amsist of a
seri- of patterns decregaing in size as the
vZ, VTZ,v~with a range sufficient to cover
the requirements of the lens-film combination
under test.l’he standard target element shall
amsist of two patterns (txvo sets of Iin- )
at right angles to each other. Each patkm
ahali consist of three lines separated by
spaces of equal width. Each line shall be five
times as long as it is wid~ (See Figure 7.)
For &pea I and II lertaes,targets with light
lines on a &rk background are preferred;
for - IV, VI, VII, XII, XII lenses, tir-
gets with dark lines on a light background
are preferreci The target contrast (the dif-
ference in photographic densi~ behveen the
lines and spaces) shall be either high, medi-
urq or low contrast as specified.

Tl%
U-J[~; ;
‘5%1L .EE3
~lCUBE ~. s~hrd RewlvingPoweT Test Target
Element. T~ ptt~ of lines are parallel iti

‘Mzntiihetenhga do>s Wtd&Mm wide
tith space O.S z miliimettm de between the pzrd-
U linee, where s aquah t)w number9 0! lines pr
miUimet47.

6.1.1.7.1 High contmut fxtrpet. A high con-
- target is one in which the density dif-
ference betieen the light and dark areas is
greab than 2.00.

5.1.1.7.2 Mdium wntrtrut turget. A medi-

w ~ntrast hrget ia cme in which the den-
sity difference between the light and dark
aresa is equal to 0.80 & 0.0S.

5.1.1.7.3 Lcno contrut target. A low con-
~~t target ASone in which the density dti-

MllAT&l WA
12 May 1959

ference between the light and dark areas h
equal to 0.20* 0.05.

5.1.2 Test methods.

5.1.21 P&zne of btxt &jlnitiom The plane
of best definition is usually determined by
making a series of evaluations at a su5cient
number of focal settings. The distance be
txveen fcxd settings in hundredths of milli-
meters shall be at )esst

f-number of lens
no. of l@a/mm expected

The detailed specification shall stati the
method used in determining the plane of best
definition.

5.l&22 Equivalent focal Za@h.

5.12.2.1 Method 1 — Photq?raphic W*
od.lt The EFL abd be measured by placing
a photographic pl@e/ii the focalplane of the
image space Unless otherwise specifia the
focal plane is defined as the place of beat
photographic imagery for an inilni~ distant
axial point; the focal piane may iilao be s-
citkd as the plane of best definition- A colli-
rmtor and reticle may be conveni=tly used
to provide an infinitely distant object poirk
Exposures are made with the beam of light
from the collirnatxw directed along tie OP
tid axis of the lens and a series of angles

)% Ptt m On the reeuhnt negative, me=-
urements shall be made of the distances
Y,r Y,, etc.+ from the axial images b the
images corresponding to the angles PI, #L,

y, f,
etc., and the quotient — —

till,’ m p,

ete, formed. The limiting value of this qu*
tlent as ~ approaches zero is the EFL h B
photographic objective free from distortion,
the quotient is invariant with respect to the
.-. ———.-
W-mn Stsn&rd M* for IMlmmtinc ud M_r-

Ing F-I bmfiha ●nd ~-l lX8brWN d ~Dhk l--

?M 4 21.w4a
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value of P. For many photographic p~ses
the distortion is negligible for points distant
from the center of the useful field not more
than one-fifth of its radiw and consequent-
ly, it will very often be possible b obtain a
satisfactorily accurate vaiue of the EFL
by a single cietmnination of ~ and y’ for a
point lying near the axis.

5.1.2-2=1.1 Methd 1A — CmbWti
method. The EFL also may be tirmhmd
by adding the photographic BF to the dis-
tanu from the rear vertex to the emergent
nodal poinL The iatter dihnce may be de
temnined by Method 2.

5.12.2.2 Method 2 — No&d $lide method.
The lens to be tested shall be mounti on a
nodal slide to rotate about the vertical axis
through ita second nodal poink The distance
from this nodal point ta the position of best
axial focus for an infinitely distant object
point shail be meammad. This is * known
as the second principal ‘f_ (b ~w~nt
factor or ‘unoerisin& in using W xnethod
is the difference behveen the position of best
focus as judged viaual?y on the optical bench
and the best focus as detemnined ph_ph-
idly by method 1). When using this meth-
od, the criterion for deixxmining the beat
axial focus should be speciikd. The criterion
used is dependent on the ~ of H Obj*
or target used and may be specifwd in terms
of either the haze position or the position of
greatest amcentmtion (see 3.6.9.1.1 and
8.6.9.1.2) or in terms of the color in and
around the image.

5.1.2.3 Calibrated food Lmgtb. When de-
*mining the calibrated focal length, the
pbae of boat ●verage definition ahall be
chosen as the focal plane. To compute the
call%rated focal length, let Y,. Y,. e@ rep~
sent the ditinces in the focal plane from
theaxial~bb imaeea of Wkitiy

distant object points lying in the directions
making angles J%, I%, etc., with the optics I
axis of the objective, If f is the equivalent

feud length in the absenw of distortion, then

y, =ftanp, (M)

f, =ftxmp,

and f. =ftanp. (14)

In the presence of distortion

Y,=ftinB,+A”#, (15)

f, =ftan&+A”~*

and f, = ftaI!/%+A~, (16)

The added terms are the values of the linear
distortion for values I%,/%, e% restively”
T’he values of y’ and @ are measured directly.
It is evident that the individual values of the
distortion defined by the above group of
equations can be clanged by chanting the
value of f. If f is the equivalent focal length,
in many instances values of the distotiion in
the neighborhood of the axial image point
will be small, and near the edge of the field
the values will be large and predominantly
negative or positive. Infinit.dy distint targeti
may be provided by a group of cd?irnators
or by one cdhmator which can be succes-
sively placed in the required angular psi-
tions. Exposures shali be made znd the # cor-
responding to each angular distance from
the optical axis shall be iietemined.

5.124 Back focal distunce.’b To determine
the BF, the focal plane in the image space
shall be determined by a visual or pho-
graphic method. The meaaured distana from
this foml plane to the vertex of the back
surface of the lens shall be the required BF.

5.1.26 FJaw jod dis~.” To determ-
ine the FD, the focal plane in the image
space shall be determined by a visual or
photograph ic method. The measurement
shall be made from the plane of the locating
surface or the flange to the focal plane.

5.1.2.6 FwW f~ml disfanw.1~ To deter-
mine the FF, the focal plane in the object
space shal! bc rictcrmined by x visual OF

= %=f-:!-- )4. mm $0,

r

(
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pho~aphk meWcL The measured diahnce
from this focal plane to the veztxuc of the

front surface of the km ahali be required
FF.

5.102.7 Front V- back focal titam%.
To determine the FVD, the focal plane in
the image shall be determined by a visual or
photographic methcd The meaaured dis-
tance from the vertex of the front surf-
of thehmato thefocalplaneahdl be the
requird FVD.

5.1.2.8 Aperture ratio. For the special case
in which the object is at inti diatanoe
(mattnifi=ktion = O), N, the tit member
of the mtio equation (2) in 9.22, may be
determined as the quotient obtained when
the EFL is divided by the diameter of the
effective apertur~

5.L2&l For the general case in whkh the
magnification may have any value, a pin-
hole should be mountd at the axial point of
the desired image plan% and the me Of
the cone of light emerging throngh the pin-
hole from the hma should be determined by
m~uring the diameter of a right tilon
of the cone at a anitable distance beyond the
pinhole. The angle a can be calculated from
the measurement and eubatitutad in equa-
tion (2). If n ia tie index of refraction of
the medium in which the angle a is m--
ured (n = 1 for air, @ in the -t ma-
jority of caMM), the aecumdmember of the

1
aperture ratio is —.

2n sin a
wh~A maaauriag the aparture ratio by the
metbodofthk paragmpk * angular 86
tanae of the objact ~iat at the firti xwdal
point of the pho~phic obj~ve must be
mndl au compared with the value of the
angle a between the optical axia of the ob
jective and the extreme ray proeeding b
the image point.

5.IZ9 Eflectivt ap.#tcre.

MI&s’m-l SM
12 Mlq 19$?

5.1.MJ Method s — hficro$oope llwth-
O&’c A traveling compound microscope b
required with meuns for tranakting the
microscope in a direction at right angles b
ita optical axis through a meaaured dktxnce
not leas than the diameter of the maximum
effective aperture to be meaaured. The micro-
scope must be of low power (1OX b 20X)
provided with a reticle and with a working
distance sufficiently long to permit the micro-
scope to be focused on the iimiting opening
of the photographic objectbe through tie
front member. The phobgraphic objective, of
which the effective aperture is to be meak
ured, shall be rnountzd in a umvenient posi-
tion to permit the traveling microscope to
be directed parallel to the optical d of &
objective and focused upon the edge of the
opening having the smallest apparent dia-
meter. (The pho@rapW~c objectke is not
to be diaassernbled.) ‘I’& edge shall be
viewed though the lens ekments which are
normaliy traverad by ima~f omning light
before paaaing through the Iirniting open-
ing. A microscope having a !ong mmkkg
distance is r~uired to avoid rnechankal in-
terference when looking thmwgh the hma
elements. A microsco~ shall then be trav-
eraed and measurements made to determine
the apparent diameter of this opening which
ddl be the efktive ape-r. In place of a
traveling naicr~pG a suitable antorxr prv-
MtOr may be employed b measure the ef-
fective aperture. If the lens haa a non<ircu-
lar apertme, tie rneamnwd diamek mmt be
suitably comw%ed.

5.1L9.2 Metkotf J — W UO== ~
ed.X7 When it ie mot ~aable b uae a
microacxlpe of anfkiemt working ~ to
parmit the limiting opank to be Obamd
through the lens element%,8 ooume of light,
an small W+practicable and emitting a ame
suf!kkntly ]a~ to %11the km may be

=AmdmRm&d~d~ ~~
A~-d~~ ?wmbti—~

~ ZMA.*IML
=~~ A~W~d~~

~ P==.M -1-

a
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placed at the second principal focus and
directed toward the objective; the diameter
of the emergent beam should be measured
as near the front of the objective as is prae
ticab!c. This method is subject to a systemat-
ic error, the value obtained always being
tio large, because of the finite size of the
source.

5.1.2.10 T+umber and transmitkznce. The
quipment specified in methods 5 and 6 for
determining T-stops and transmittance of a
lens represents workable apparatus. How-
ever, modifications are permitted provided
that the basic requirements of the method
and the specified acccracy zre meL (See
3.2.6 and 4.1.4.4.)

5.L2.10.l Methaf s — Extended source
method. *@This method of lens calibration is
based on filling the lens with light from an
extended uniform source of adequate size and
placing in the plane of M definition of the
lens a metal piati with ● hol~ t%e diameter
of which shall not exceed 3 millimeters (or
1.5 millimeters for &millimeter film), at its
center. The light flux passing through the
hole shall be measured by a photxmell ar-
rangement. This flux shall then be compared
with the fiux passing through a hole of the
same dimensions from an open circular aper-
ture of such a size and at such a distance
from the plate that it subtends the desired
angle a so that sin a = M T,
where T is the T-number to be
measured. The greatest C2re is neoessary
to insure that the extended source is uni-
form. In practi~ the phetocell reading for
each whole T-number is first determined for
a esriea of open ~rsa at a fixad distance
from the plate. The lens i8 then substituted
for the open aperture with the 3-millimeter
hole accurately in its focal plane and the
ins of the lens dosed down untii the photo=
cell meter reading produced by the lens is
equal to each of the successive open ho]P
— ——.. —..——

WRn9~ l?+w u

f-
~-dings. The full T-atop positions are then
marked on the diaphragm ring of the 1-
The intermediate thhls of Stem may be
found with suficient accuracy by inserting
a neutral density filter of 0.1 and 0.2 behind
each open aperture in turn and notkg the
corresponding photocell readings or by di-
viding the travel of the diaphragm control
into three equal parts. The extended source
should be uniform?y bright over its useful
area to within M percent (This could be
testml with a suitable telephotnmetir, or a
small hole in an opaque screen could be
moved around in front of the source and
any consequent variations in photocell read-
ing noted.) The source may be a sheet of
ground glass covering a hoie in a whitdined
box containing several lamps mounted around
the hole and shielded so that no direct light
from the lamps falls on the ground glass
itself. The photoceIl receiver may be of the
phototube &pe m“th a simple d< amplifier.
Care must be taken to insure that photo-
tube sensitivity does not change betxveen
marking readings on the open aperture and
on the lens itself. To guard against this, some
turret arrangement is desirable, =ith the
lens on one side and the open aperture on the
other, so that the two may be interchanged
and compared quickly with each other by
turning the turret Transmittance of a lens
shall be measured at the maximum relative
aperture in a direction parallel to the optical
axis of the lens. Transrnittsnce is equal to
C/R where C is the cal]%rated photocell read-
ing with the lens in pla~m,and R is a similar
reading when a clear circular aperture is in
place, subtending an angle a at the hole in
the front of the phokell ao that sin a =
$fN, here N is the swxmd term in themr-
ture mtio @f the km * be -. (* ~“)
The value of N must be the true value, whkh
may diff~ from that irtdirnted on the bar-
r2i.

5.I.2.1O.2 Method 6 — CoUimatw meth-
od. 10 1n L!Iis rrwthod, light from, a small
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source (a Mail!imetm hole covered with
opal glaas anti strongly ikrminated from be-
hind) ahdl be cullirnated by a simple I-
or an aclwomat if preferred, of a fod length
at least three tim~ the EFL of the lens be
ing tested and of sufficient aperture to fdl the
lens being cdibrati This gives a colli-
mated beam which w-U be focused by the

txstlens kofonnsmma llcircleoflight iniix
foml plane. This @de of light will be I-
-tie~ Iixnitof $millimetem
diametar. Uniformity of the collimated beam
can becheckd bymovingasmdl holein
an opaque screen across the - and nob
ing any variations in the photoed reading.
For the comparison unit an open aperture
ShaIlbe wed, ofdiameter equal tothe focal
length of the lens divided by the desired T-
rmmber. Thin 8pdure AaIl first be moun~
ed in froxk of an integnting @here of &
quate size with the usual photi detector
and the Ilght frmn the cdlhnator alkwed
h enter the a~ The zperture plate

(
shall then be replaced by the hms, the ins
diaphragm eked dowm to give the eeme
photacell reading, and the T-number en-
~ved on the ins ring. The intermediate
thirds of tips can be found by using 0.1 or
0.2 densi~ fib-s, or by dividing the travel
of tie diaphragm control into three equal
~ To guard againat “drift” or iine-vcdt-
@e variations which might occur &-een
readinga cf the comparison aperture and the
Ieal14!t 18 lmllw?uiertt h kave the -known
standard aperture in place in front of the
sphere, d fo insert the lens into the beam
in uuch a position that the smaTl image of
the aoume fdb wholly within the shndard
qmtum The meter reding should then re-
main the aamo ugth the lens in or cmt of the
beam A tweond plnte tith a %mi?kmeter
8pxtu.re ahodd w pked over the compan-
eon aperture while ‘&e lens is in place to
* aUYdray iwt +kh -y & re8ed4x4
from the interior of the lam It a~ould be
noted particularly that if this method is

nmo&the focal hmgthoftheknsmustbe

—
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m~ured sepamtely end a suitable set of
opt aperbum comdmxted for use with k
However, by snitable devices, one single set
of fixed apertures maybe used for all *
‘lhnarnittance of a be sh611be measared at
the maximum relative aperture in a direc-
tion parallel to the optical axis of the km
Transmittance isequalto C/R where Cis
the calibrated photocell reading with tie
ksinphL%and Ris8aimilar readingwhen
a clear diaphragm (equal to the kns efktive
aperture) is in place.

5.LU1 ReWive illuminatiem

52zlLl khthod 7 — Eden&xi a~
wi!hmf. This meUmd of meamrhg relative
illumimtlo “nmak~uae of theaameappara-
tus and tdmiqua sp@fied in method 6.
Wlthtbe knstobe measured aetnp in the
8“~YtUS, the photocdl shall be dispiaced
laterally tc the position corresponding to the
required angular poaitio~ and the corres-

~ ~tWre of axial ilhnninance for
each poaitiou M fonnd from a udibratlon
curve of tie photocdl meter.

5.1.2.11.2 Method 8 — Cotbuztor muthod
This method of meawming relative ilhtrnina-
tion mak~ use of the me apparatus and
techniques specified in method 6. With the
lens to ‘be measured set up in the apparatus,
the km shal] be rotated through the desired
field angles 8 and the photocell readings
compared =it’i’i the readings for the lens on
axis. The p.mxmtag~ of light flux tmmnit-
ted can then be read off a calibration curve
for the photocell system and eorwerted to
deahd perce~ ilhrminmoe by dividing
by ood &

5.1.2113 Method 9 — Dend~ meth-
od. ‘1’Ms mdhd of meaanring relative illu-
mination makes U* of the same appamtus
andtechniques aa9pecMedinme4h9de 6A
6, except that a photographic plati is substi-
tuted for the photmmll when tk extaded
soume is used, and for the integrating sphere
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when a diimatir is usd In
the image ~mduced by the

the latter caae
lens ahouid. be

in sharp focus on the emuision plasm The
exposu.rea are made on the axis and at the
requhwi anguiar positions ofi axis. The eLX-
posure times atdi be the same at all the
positions The densities of the exposed and
deve)oped images M be rneasurd and the
relative iIiuminanee determined using the
sensitometric curve 02 the emtilom obtain-
ed by exposing a calibrated stepwedge.

5.12.11.4 Method 10 — Indirect compada-
ticm mdhod. The bditi computation of il-
hmni~ datrb?2 .On fmm dimensions of
theians areontiined inthia aaction. The
methoci inthia~isforshma whiie in the
cieaign ~ or in determining tie iihnni-
nanee diatr~tition of an add iena when no
convenient photomehe“ quiprnent is avai)-
abie.

5.12.lIAJ D@wtionlaaa ti with object
at ix#nitv. The caae where the object is St
infini& is applicable to most photographic
objectives wncounfmed in aerial and ground
photogmphy. The field angle of such a lens
is always expreed by the obliqui~ angle
+, in the object apace. The desiti relative
illumination is given by:

w +
R = —= — Coa% (17)

B s,
●

Where E is the illuminanee at the point in
the image which corresponds b the obiiquiW
angk * in the object space, and & is tie
ilhuni~ce at the center of the field. S+ and
s -G ~lvely, the beam section areas
of the oblique and axial beams at the chowm
reference plane in the object space. The area
% *II iB genera} be smalkr than S. due to
vignetting, but in some unsua) lenses. %$
my be a9RMFwl?44groatar than L.

5.1211.4.2 LX8t0rtbnkaa &m with /iaitf

objeet diatunce. The relative illumination R
can be computed either in the object SP

or in the image apace depending on which
is more convenient Tbe iil~ at angle
q ia given by the integml:

m= K/cos%dS = K’/coa4# W (18)

where X and K’ are constanta independent
of obiiquity. The integmsls are to be taken
over the respective beam Sections. The in-
tegrals are neceasmy twemlse@and#’varY
from point to point over the beam Sectiosw
If the aperture is amali, the integral -=
unnecessary and *:

m = KS+ Co#+ = K’s’+ CoS’+’ (19)

The relative iihzmination is then found by
evaluating E+ and E. for an oblique ●nd
axiaibeamand~the~R=13+/lL

5.LZJ1.43 MAwtiu# h td.lt objad ti
i4@iity. This diftema from the previous caae
because the disbrtion will have a eonsidam
able effeet on the distribution of iliuminance
expressed as a function of the entering obli-
quity angle *. In this eaae the relative il-
hmination ~:

((h)
(20)

S* and !& are the areaa of the beam sections
for the oblique and axiai hams at the chosen
reference p@ne in the object space; t is the
obliquity angle in the object space, f is the
focal length of the &na and h’ is the image
height. By meaaureme~ or computations
on the lens, a relation can be established
connecting h’ with ●, from which the value
of the derivative dlffd~ can be found d any
desired point in the field. For a distortion-
les!l lens, h’ = f tan e: in that special we
quation. {20) simplifies to equation (17).

5.1.2.11.4.4 Di*tmting lau~ un”th +lnit? ob-
i~rf dint.uwx. The imaue space equations (18)
or (19) hold in~pndent of the distortmn of
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the lens. lf it is desired to use the data of
the object space, quation

h
%=K

h’ (dh’)

(18) becomes:

[

C’oiu’+ds
(21)

(dh) U

where K is a constant different from that
used in equation (18), h is the object heigh~
and h’ the height of the image of that ob-
ject The derivative dh’/dh must be found by
Mmmining an algebraic relationship k
tween h and h’. If the aperture is sticient-
ly smaIl, @ will not va~ greatly over the
beam section and the equation may be re-
duced to the approximate form.

h
m =K S+ cod+

h’ (dh’)

i

(dh) (22)

5J.ZII.4.5 Monocentric lens. In the case
of a lens having a common center of cuma-
ture b all the surfaces and a concentric
image surface, the Aat ive iliumixaationcor~-
taina only one cosine, namely:

E* s*
R=— = — cow (23)

E. s.

5.1.2.12 Rwolving power. When specifying
or meaauring raacdv;ng power. cAre should
be taken to consider the foUowing pertinent

factors: methods of tests. cmtrast of tar-

get used, kind of and processing of phot~
sensitive emulsion, whether filter is to be
USed, and nwrnification at which resolving
power target images are read. For reading
resolution. a matzr,iiicatkm Gf the 10we9t

power which permit- convenient \ iewinp UPiII
yield the highest nsolution redir~s. (The
rule bmwcl on Selwyn’s expcrimer.:s 20 that
—.

* c w. R Mwj-r(N.’??,,al flu-a d .%”lhd. C$26: !.
19s4●nd ~pbk J9Dmd MB. 4*. IWB

%?

mlLFsl”&l *

$2 May 39S?

the numerical value of the magnifhtion
should equal the number of lines per rnillii
meter expectd b be resolved cxn be con-
sidered a rule of thtib.)

S.12.121 Photo~aphic rtzd+ power.
When conducting photographic resolving
power tesb by methods 11 and 12, the pho-
sensitive material and processing should be
in accordance with ~~e 11.

5.l~L1.1 Method 11 — Co&nufor meth-
od.sl For ienaes primarily intended for use
on dishnt obj~ such as types I, XI, III,
a,nd V, this method should be naed. The r-
acdving power target is placed at the prin-
cipai ftwus of a collimator and ilhdnatad
with white light A filter of a specified color
may beuaedand its?taIlbephwed betweea
the light aoume and the target It is recmn—
mended thaL in order to elimfi vibmtiun
effecta, sftaahdiacharg elampbe umedas the
light source and that the light from it be
filtered if n~ to approbate white
ligk (See 6.I..L4.) Exposure can be mm
trolled by means of neutral cierAty fi~
betaveen the light source and the tarrek ‘I%e
iens to be tested shall be phwed in the wdli-
mated beam from the target and a test p~Me
or film made in a series of focal Settbgs aS
described in 5.1.2.1. Unless othetiae UP
cified. the lens shail be set at the spdkd
maximum reiati ve aperture. Wth the tert
plate perpendicular to the optical axis wf the
leu expcsure shall be made of the W tar-
mt at the specified anrutar distance from
the axis ont to am! rncludinm the mnklpk
of the specified ande falling neared the
comer of the p!Gti inside the picsure fomnnt
The specified an~ic shwld be multiples Of
1L4 demees and should be spm~ to =rovick
5 increments or more in **e semi-fi+d of the
hs. ThP emosu- time shsil be the sarw
for 81! angular w??hm :33 shal! h the
.-— — .— -

mh ~ tl, M ●* mdvhl? mv h ~rd !W *

tbdrm fma law I:rlsa W! mlnacvl of Uu -- m d *

dkbr.udcvl. oluuut kl%Ulwmbvhun -
-M b7 mmlclti!:cti+ I Iln- m the r.-inc d tk W cn~

mmd Wl#wItbl nn9 b O--r - of b M **k.
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lam m

x
(70-mm. format

& Mnaller)
(5-inch format
& kger)

11
(7hmrL format

& amdler)
5-inch fonmt

& larger)
111
Iv
v

Lx
XII

X111
xxv

Panchromatic ●erial

Panchrmnatic aerial

Panchromatic aerial

Panchromatic aerial

Pmclnonmti aeri81
Panchromatic micromlll
Panchrmnatic (motion picture)
Panchromatic (portrait )
Pmchromstic mierwfMm
Pmtchmm8tk micrdlm
Bhw aeruitiveorecordbg

exposure time which gives the highest r-
solving power at the angular setting nearest
the angle equal to one-half the half angle
of view. The different angular settings may
be ob~imxi by moving the lens and test p!a+=
about an axis near the entrance pupil or by
moving the collimato~ or by means of a
series of collimators placed in the correct
angular positions. The kns may be tested

with or without the fiiter provided with it,
as required.

5.1.2.lZ1.2 Method 12 — Targst mwe
method. For lenses primarily intended for
use at finite distances, such aa types W, XH,
and XIII, this method shouM be used. Also,
it maY be used, when specified, for testing
other types of lenses. Properly ilhxrninati
high contrast resolving power targets shall
be placed in the object space in a plane per-
pendicular to the optical axis of the lens b
be tested and spaced at the required angular
distxmces. The distance from the lens to the
plane of the targets shn}l be designated.
When this method is I!+ for tinting ~~n-
at infinity focus, either formula 412) in
5.1.1.3 may be used to determine the proper
distmm, or some d~signated dist.mm may
be used. The test plate shall be adjusted per-

10

80

10

80

50
. . .

S&so
100
. . .
. . .
. . .

2.0 * 0,10

1.5 = 0.10

20 = 0.10

0.8 * 0.10
Maximum contrast

0.$ = O-JO

0.6 * 0.10
Maximum contnst
Maximum contrast

1.5 * 0.10

pendicular to the optical axis of the lens and
exposed for maximum resolution at the tar-
get nar=t the angle equal to on4alf the
half angle of view of the lens being tested
~~ ~~.a:! & ~~veti iz a series 0! fOCd -

tings as described in 5.12.1. The sensitized
material, processing, eti, shall b in a-ml-
amw with table Xl.

5.1.2.12.2 Method 1S — Visual resolving
powe. When visual resolving power meas-
urement are required (such as type X
lenses), they will be made exactly like the
photographic resolving power tests, except
that the aerial image, when it is real and
easily available, will be observed visually
mder magnification. Method 11 CT 12 in
6.1S.12!.1 wfl! be used as specified, depend-
ing on the use of the lens. When the image
formed by a viefinder (type X lens) is a
vi#~ual image, a telescope stoppwl down to
5 millimeters and placed at the eye position
will he used to observe the image. In this
cas? the resolution sh811 be ckterminwl in
twn ~ nf 7 ?~i50< +P4 Pba+ at a 9P
cified distance. Tn all cases where the image

- d g!ass, the ground glassis, fomed on z Q OU,I
~hal] h rpm~v~f to ohs~n’o t)w aerial imaf?f’.

and the image shall be observed on a plane
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5LZ1L3 Method lb — Projedtd photo-
UTupti ruolving POIW. Thi5 W is intend-
ed to be umd _rily for enlarging lenses
(~ VI), A brget plate of the required
size coxttaining resolving power tar@8
(Iig%t Iines on a dark bac&round ) and of
the wired range, and kakd FMshown in
Figure 8, with oneset of the lin~ in tangen-
tial andthe other set in radial direction, shall
& placed in the object plane (film plane) of
theknstobetastad-Th etargetsshdlbe of
high amtm8L The *get plate shall be even-
ly ihminated by light from a cxmdenaing
aonr= If required. the light shall tM tilted
to the color required by placing a filter b
tween tbe light wurce and the target plata
W* the optid axis of the lens perpendicm-
Iar to the target plate, the lens shall b f-
cud at the designatd magnification and
aperture, and an exposure nude on the
desiglmt.d phot.oeensitive material. ‘!’he
~~itive matefial shall h held U in
a pike perpendicular b the optical axis of
th~ km. The comec? eqmure shal! be that
Wkb gives the maximum resolution at posi-
tion 1? of ~re 8. The test plate is pro-
ceaeed?nthe reqdred manner.The resolving
power shall be read by ohemfing the dry
test plate under suitable magnitkdiou ‘1’k
flames refereed te in measuring resolving
- by this method are the lines ?er
millimeter on the target plate. It is recom-
mendedthat enla~ng )en.ses be testd *t z
~tion of 1:2 u3ing medium amtraat

gkma cldorobmnide paper processed l%
minutes in D72 developer, *dilat.od 1:2 at
@OF.

6.13.124 Method 15 — Projected *W
*P pouw.zs This test ig i~tended to be
mad primarily for projection Ien* (*
WX). A test object of the required size con-
@in@ high umtraat reso)ving power targets
(&k lima on light baclqmnmd ) of the *

wind ~ and pked as sho~ in F;gure

MlL-ST&l 50A
12 Moy 1?S9

Q.

00

u
c

,0
q

I
I

‘k?

FJ~ 8. Pwj@od ReoolvixgPMH Tut Piutc

under test upon a matte, white, g-rainl-
acrea This amen atd be I-A at such a
8 shall be projected by means of the lens
dishmce from the projector that unless other-
wise specified the long dimension of the pr-
jected image will be at kzuit 40 inch~s :7
order that tie ohexwer d! have no dficulb
in distti~ishing the number of Jines resolV-
ui. The nmolving power of the lens at any
point in the field is the Aargest number oi
Iims per millimeter in the t-t object that an
o’bserver, close +92t!!e 3cw*2. seee MkM!y
reacdved (aily comtd ) h WA rtiia! and
** directicna in Lie projecwi image.
Care Aall he taken to in3urc that ths screen
is perpendicular tc @c GPtJd aXis of tile
~jCttiOZI kZt3, aad ‘h’L the !enS h fxu:d
ao that the image at L>e cmter of the test
pIate has maxirnttmcmtrcst. The ~rcjecto~
used in this teat may be a regular pradnc-
tion model or 8 smxial test pmkcW. ne
giaas test object shal) be flat and hdd con-
centric with and normal to th? optics? aakl
of the pmjeetien lens. T.ne cone of i:ghl from
the projection lamp ikrough u cxmkmsing
- H -mpi~h fi;l tie entrance WM
of the projaution )eu The tea: ob)ut si4i
be uniformly illuminated.

&l.213 A8ti~tim und am.uzture of

29
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shall be ciekmuned for dlflcrent positions
of the test Plati in the inuge space. The test
plat4 or plates are exposed In small steps, at
different dM,ances along the optid axis of
the lens. The Ien@h of each step depends
upon the corrections, focal len@h, and aper-
ture of the lens being tested. A sufficient)!”
large number of steps shall be taken b in-
sure at least thrw steps on each side of the
best focus position for both radia) and tan-
gential lines at any annisr position. Upon
reading the targets, the position of best focus
shaN be detmn ined (for radial and tangen-
tial lines separately) ●t which the resolution
is a maximum at each an~}ar setting. These
focus positionsare plotted against angular
settings, and two curves representing the
*O image surfaces are obtained. The cume
representing cumature of field is 8 median
cira- keen the two cumes representing
the image surfaces. (See 3.6.3.) The astig-
matic difference is obtained by &king the
difference in thp focal setting at a specific
an~k for the two image surfaces.

5.1.2.13.2 Mrthod 17 — Nw”al nhde method.
This method may be used in lieu of method
?6, In this method the kns to Iw tested shal;
b set up in front of a suitahk collimator
quipped with a taryd containin~ verti~l
and horimntd Iirws and centered so that the
optical axis is psralk! to the collimator axis
and coincident with the axis of the obaeminu
miemacope. The lert~ shall he moved along
the microscope axis until the axis of rota-
tion of the nodal slide intersects th~ rear
node. The micreseepe shall be focusw! on th

axial image and the pmition of the micro-
acopesmtcd: l%eiensaku thenbe rotatai
abut the axis thrtwuh the mm node ●nd
wwdicular b th~ optical axis of the lens.
At mu?tipks of an~lar positions of 11A
derwes out to the wlge of the field. the
mkroampe sha!l be sPDaratelv focud on th?
mdicJ and tangential lines. The focal c)wwe

from the axis pmition shall be noted at th?
msaghr field wsitione for the ~dial and

hnea. To obtmn curves S* m

specified in rnethcd 16, the facbr f (l-
NS /3)/cos P is subtrackd from the micr~
mpe settings, and this difference is multi-
plied by the cos /?. If a flat tkld bar is used
at the microscope it is not n~ry to sub-
tract the facbr f ( l+n ~) /cos P. When
curves are obkined, the procedure for rieter-
mining the cumature of field is the same as

that in method 16.

5.1.2.14 Cob comectiom When the image
quality is found satisfactory on the basis of
other applicable tests, the color correction
=n also be considered as satisfactory. Direct
measurements of color comections may be
nexkcl when some special color requirements
are to & met. Th~ meaaurcrnenk may be
specified in terms of minimum resolving
power or ]imik on individ~l cmlor correc-
tions.

5.1.2.16.1 Longitudinal chronux.ticaben”a-
tion.

5.1.2.14.1.1 Method :8 — fhoto~apluc
method, pho?curaDn u reso]vin~ power rneas-
umenent.. Sk]! be made as specilied in
method 11 or 12, u:i!izing light of the colors
designated. repeating the test for MCh color.
The light used may be supplied by a mono-
chromatic or it may be filtered white light,
as specifmd. The focus positions at which
the maximum resolving power (AWAR un-
less otherwise specified) is obtained shall be
determined for each color. The longitudinal
color abermtion for a particular co)or is the
differenm m focal wttirw for -this color and
white ]i~t, m for this color and a specified
coior. When tlw focalsetting for the fim~
cokw in ~ea’-r than the focal setting for the

refe=mce color or white light. the kmfitu-
dinal chromatic aberration is said to be
posi ive. Ceneral)y, tht reference color
shoL d be towards the red end of th~ qwc
tml nnrc umkr cormidemtion.

5.13.14.1.2 Method 19 — No&d di& meth-
d. When specified, a nodal slide optical

3Q
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bench may be used instead of a test camera
as in method 18.

5.1.2 .14.2 La4eral chromatic abemation.

5.1.2.14.21 Method 20 — Phatouraphu
method. Photographic measurements shall

be made in the plane of best average defini-
tion for white light or a specified reference
color. Tbe image sizes ~,, y’:, e~ ue m~-
ured, as specified in method 1, for different
colors. The lateral color aberration at a par-
ticular angle is the difference between # for
the particular cmbr and y’ for the white
light or the specified reference color.

5.1A14Z2 Method 2] — No&d aWe met~
od. When speoiiksd, ● nodal slide optical
bench may beueedintiof a-t camera
in rnetbd 20. 14&rrd chromatic aberration
shall be measured by moving the opti=l
ben:h micrompe along a scale perpendicu-
lar to the As of tie optical bench, first
sighting the microscope on the image fomned
by using white light, or !ight of the second
specified mlor. When setting the microscope
for measurementsat each angle /3,the micr~
scope sNI be displaced along its horizontal
axis by the distince f (I<os p) /COSB away
from the lens. This refocusing is not nm-
aary if a tit fieldbar is used.This setting of
the micxvacope is maintained at each angle
for all the eokws, The distance through which
the microscope is moved latirally, divided by
the cosine of the ang?e at which the measure
ment is made, is the lateral chromatic aber-
ration.

5.L2.x5 Mag@catkm.

5.1.2.1S.1 Paraxial ma~i)lcution.

5.12.15.1.1Method 22 — Photoplzphic
ntt?fhod. The PM fiaIl be fneaatired b}”PkC-
ix a pkbgnaphic * in tie image pke
conjugate with the object plane at the SP

3!

cified finite distance from the km Within
the intended field of coverage in the object
plane, a series of retlcks is placed at ac-
curately determined distances y’,, y’,, etc.,
from a reticle at the axial object point. (The
exact location of this point is not needed,
and any point in the vicinity of the inter-
section “of the Iens axis with the object plane
may se~e as reference for measuring dis.
tanccs y.) A photograph is taken of the ar.
my of the reticks. On the resulting negative,
meawnwments shall be made of the corres-
ponding disfxmces y’,, ~,, ek, from the
image of the axial reticle to the other re
tides, and the quotients Y,/Y,, Y,/y,, ek.,
are formed. The limiting value of these quo
tients as y approaches zero is the PM. For a
photographic lens free from distortion, the
quotient is invariant with respect to the va)ue
of y. For many photographic purposes the
dislm-tion is negligible for points distant
from the centir of the useful field not more
than one-fifth of its radius, and conaquent-
ly it will be very often poasibk to obtain a
MReient)y accurate value of the PM by ●

sing’~ determination of y and # for a pinl
lying near the axis.

5.1.215.1.2Method 2S — Viszd method.
This method is similar ~ method ~ except
that the distances y’ to the aerial iumgea of
the reticks are m~red directly in the
imsge plane by means of a suitable nmasur-
ing device. The detailed specification shall
state the method used for determining the
plane in which the meaauranenta are to be
made. 1

5.L2.152 Method Z4 —CaEbnztedrW7nG
)ication. To compute the aiibratad magnifi-
Aion. kt #t. #t, ek rqmsent the die-
ainhapacifidimaue~f~
the axial image point to the images of the
object points lying in the object plane at
the Ulatance$ #,, ~,, e% frmn the suck)
object point. M n is the xsmuial ma&nifh=
tion, then in the absence of distortion
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Y1 = my,, y$ = ~,, ● . y’. = my.
(24)

In the presence of distortion

71 = IDyi + A#,, #, =myY+A~s, .,
Y. = my. + A~m (H)

The added terms are the valuca of the linear
distortion for ‘&e image diatanws ~,, YS,
ek, respectively. The valuea of y and ~ are
mmtmn-eddirectly. It ie evident that the in-
dividual values of distortion tined in the
precedhg quations can be changed by ae-
aigning to m a value &!Yerent from that
given by the paraxial @&ation. After
the pamxial magnification and the WIWS-
- *- Of di8t0~”0n have been C&
temnined, an adjudzd vaiue is need for the
MWMCIBtiOII to distillate the distortion m
a manner M nuited for the intended ap-
plication. This adjti value represents the
cdibrnted magrd%atio~ or CM.

5L2J6 DistortiosA Al the following rneth-
Odsareuapahle ofmewzring distatkn in
the plane of best Mnition with ~,
though care should be taken to comelate tie
reeulta obtained by methods 28 and 29 with
those obtained phmphicatiy. Aczu=te
determinative of the distortion at bite
maamificationeshould be made by method
250rrnetbd SQ, depending upon the w
pxidion. where Significant ~tk =-
Tom in the ted equipmentshall be mducad
by making a duplicate series of xneunzm
nxmlafore adlwdiameberwitih -
rotatad 180 degreesabout ita Optid k

5.L2.16J M@#ad 25 — Target range
m8the@L’Rd8 zoethod i8intandedpdmarny
for=on)emm mountt$in cameme or
~Ta~ahallbe8et’hPtntheobW
m~a-~~~~-
axieofthe hmstobetautedand,forcanwm
fwuaed for hhity, at a di8tan@ ~
sun D&temiindb?fo rm51a(xz)~
&u& me -AaJd be Placed JLmmxi-

rnablyervery mdegmaacroee tie entire

field at the lens. The anguiar separation of
thetargete shall redetermined toan ~
curacy of AZ wxxmds of arc by means of a
ikst order theodolh In some instances, the
distance betieen targete and the perpen-
dicular distance from the iine of Wgats to
the front node of the iens cm be measured
and the angles computed. !I%ekm to be
telked Sha?l be oriented with its front node
directly over the point from which the range
angles are to be tlumq ita optical axis (ii-
rectA tuward the central ~ and one
ofitadiagwds parakdt,ot heljneoftar-
~Atutplate shall beexposed, aft,e.r
which the camem or cone shall be rotated
90 degrees about its optical axis, and anot!her
test platz shall be eqoeed. JMterprocessing,
thetest plati8hall bemeaaured ona com-
pmator. The EP’L of the leas shall be deter-
mined in accordance with method 1; the dis-
tortion is detemninedaS -wJ in 6.lZ.3.
Cu.rvu shall be piotted (distortion in milli-
meters against 13eld le), representingthe

%distortion rehdad to for both sides of
theaxie for both~Itwill neu&llybe
formal U the mrvee for the two sides of a
diagonal will not have equal distortion. By
eelecting another poin~ the “Point of Sm-
metryfl as the cemter of b field and r~
wmputing the distorti~ the curve for each
_~k*tik*tiv*~-
metrical. T%e ~ sides of each diagonal
(fonrc?rrves inall)ldlal ibeavemgedto
obtain the distortion crone ‘IMe distortion
cnwre can be given any degi~ orientation
by Using an adjutad value for the focal
lerlgtil (* dbrnted focal length, see
6.1-22!). When quired, in addition tn set-
ting up tie lens as specifH, the test plate
may be ●djueted eo that itto perpeadiadar
to the line drawn from the central target
-h the fmxtt de of theha ‘IMBcan
be done by pointing ● taboqm equipp+
with ● CAM oyapx ClOng thi8 line aud
*-* - *be aeethw Swfaoe( dth
an nptkd tit @ the @ws q@w) mti
M is pwpendiaaiar to the be of Sight The
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addition of this step enabks one to mfxuure
prism angle. When measuring distortion at
finite distanoea the plane of the targeta must
be padlel to the teat phk Mathematical
means for adjusting the measurement may
be used h eliminate emor from this aoure
If the distortion is to be masured for an
object at a fixrite distance, the targets shall
be set up at the required diatan~ as speci-
fied. The test procedure is the same as for
the object at infini~, except that the distor-
tion is determined on the basis of paraxhd
or calibrated magnification.

iL1.216J? Method S!6 — CWmaior bank
methoLThiamedhod iainten&df~r uae With
lenses rnotmted either in cameras or in test
barrels. Method 26 is similar to method 2S,
=cept that a bank of mllimatora containing
targets shall be used instead of a target

6A2J63 Method 27 — Sing& co&mator
photographic method. In some cases where
high precision is not requireL a single cd-
hnator may be used in conjunction with a
test plate as in method 26. In this method,
either the cohnator or the lens ar,d the tact
plate sh.d be rotated through the required
fkld angles about the center of the entmmce
pupil of the kns.

5.1.2.16.4 Method 28 — NodaZ slide meth-
od. This is a visual test method and may be
used, when specified, for lenses mounted in
barrels. The kns to be tested shall be PXOP
er)y placed on the nodal slide of an optical
taat benah and centered se that its ojkicd
axis is near)y coincident with the axie of the
microscope. Distortion for a particular angle
shall be measured by the lateral displacement
of the observing microscope required to cen-
ter the target at each angular setting. At
each angle B, the microscope shall be dis-
placed along its horizontal axis by the dis-
tance f ( 1<0s 13)/cos # away f mm the lens.
-=f==rmr=~ Heasaryff aftatlicld
bar is used. To obtain the value of distortion,

M1l-sTwl SOA
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the lateral distance through which the micro-
scope shall be displaad must be divided by
the cosine of the angle at which the distofilon
is being meuud Because of inaccuracies
present in moat optiml benches, it is desir-
able to make each mexuranent at the same
indicated angle on each side of the axis and to
average the bvo rnicrwumpe readings obtain-
ed before computing distortion

5.1.216.5 Method 29 — &uiometer meth-
od. ‘II& is a visual method intended for use
with lenses mounted in camer~. An ac-
curately calibrated teat object on glass, usual-
ly in the form of a scale or grid, shall be
placed in the plane of best Mnition of the
lens to be tested and illuminated in a direc-
tion toward the lens to be tested. This test
object must be u properly centered, and
Pe-ticbr to the optical =ia. The lens
and ilhsrninated test object shall be placed in
the goniometer so that the axis about which
the angles are measured H through the
oenter of the entrance pupil of the lens. The
MsscOpeofthe@niom&r shall be pointml
at au~ive pointe on the test object and
the field angles determined. (The telescop
ahrdl not be refocused during the run ot
measurements.) From the foixd length of
the lens being tested and the calibration of
the test object, the angles subtended by the
various points on the test object can be
canputed. Distortion then can be compuied
in terms of the difference in angles on the
object side and image side; this distortion
in turn m be converted inta the standard
form. (See 5.12.3.) By adjusting the focus
of the telescope, this method can be expand-
ed to inchzde some cases in which the test
object is in a plane corresponding to some
finite magnification. care ●hou]d be exercised
to insure that the cone of light from the
test lens is included in the entrance mni]
of the tekscope.

5.1.2.16.6 Method 30 — Projection meth-
od. Ttns method IS intended ~marlly for
testin~ projection lenses. A test object simi-

S3
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kr to the one used
p)acd in the object
tested and projecbd

in method 29 shall be
plane of the lens to be
onto a suitable screen.

Meaautartettts shall be made of the projectad
Image of the test object. The diatmtiozt shall
be computed in terms of the test obje& Care
should be taken to ixumre that the -n
and test object are perpendicular to the OP
tical axis of the lens and that the test ob-
jet is tit and properly centered. The cone
of light from the ~jection lamp shaIl com-
pktely fill the pm~ection kna, ●nd the test
object &tall be uniformly illuminated. The
sign of distortionis revwaedfrom theory on
projection through a lens and measured at
the )ong conjugate.

5J0Zl&7 Taqwntiol dtitortim Any ~f tbe
six methods fbr meaauring radial diat.dkm
my be modihed to xn~re bngential dia-
tmtion by comidering the displacement of
image points -Mar to ● radius from
the center of the fieU The magn$tude of
tangential &to*n varies from zem along
me diameter b a msximwmdeng an orien-
@tion 90 degmH to the diameter of aero
di&rt&m. Therefore. when required, tan-
gential di8k@on till be nmmmed for -o
axial ori~tiona of the lens, and the orien-
tatim f or maximum ~ntial distortion

5.L2.H l%nn efid. To meaaure the
p* &ect ia tunn of a thin equitia)ent
prism of vertex ●ngle a, use is made of the
fact that oblique rays ●m deviated by the
prism more than, ●nd in the amne direction
as, the axial ray. An aaeumption i~ made
thatthea xialmym akaonlys=ldle
witi the aornd to the surface of the pnkkn
(0rtbePrtim8yb~ti&ink
minimum deviation for the axial ray). If the
camera undar test is used b photogmph
three oollimatom or dktant targets, one
axia] and the & two u~Q ~Qk + ~
awl + with the a~in, the dia~ from
the Odegree~tothe+8~nd
fmmtb?~dem=~mmhtie-+tiw

/’

are different in the presence of a prm-i
effecL This dtt?erenceia measured on the
negativa Under the aaanmptionsmade, the
aria- expreeaion for this difference is:

A =f[tan(~+ e)-kn (@-e)
--2 tan +]

(26)

where f is the equivalent focal kngth of the
lens, e is the deviation of the ny making
/? With the axis (within a cloee approxima-
tion tbe deviation is the same for +/) and
+),and@%= a/2 is the deviation of the
axial ray. Tablea for A can be @reputed for
V8nom vahle8 of f* ~, and a The measured
and tabulated valoes of A ●re compati ml
the comespondingu is waluated.

5.L2J8 SpkU%SL ab~.

5.1218.1 Mctkod $1 — Anmud ri~ or
Hurtmann disk mdkod. When spherical
Aerration is aped%edin terms of change in
focal pmition for aona of dUTerentradii, a
~diak(a pktemveringafrunt of
the ha with hoka at the different zones)

or aper@v amaiating of open annular rings
wiIlbeptacsd over tbefrontoftbekns and
properly centered. Efther a phobmwhic or

viansl xnehod of determining the difference
in focal poaitiona for ~iffereut aonea may be
ti. V*riOUSsnodifldione of the meth-

ods and other matboda may k employed,
such aa ● knif~ge teat or Merferwnetie
method. When nwaauring spherical aberra-
tion for 8n objeet at Mnlty, the tam
whkhis- bytihetuttimayb
pheed h ● abwtor or8dlshmeatkast

Btfmesth efOCdkn#ofthekbh

teatd.

5.l_2XL2 Method = — Stoppdapertwe
?netMdWlwml@ariml~ uaPe-
cified in tenna of the dii?erencetieen the
best focm at rnaxbnumam and at a
designated redued ●pdure a nodal dide
optk!dtioraa~w
may beuaedto detadnehdti~ h

ad
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thaw f d positions. A f-sing micro~we
provided tith a scale indicating distance
along the axis of the microscope may ako be
used. The tirget which is had by the test
kns maybe placedeither in a ~~~~tor Orat
a distance at least25 times the focal length of
the lens ti be tested. (h the iafir -e the

FTL or BF of the MS is the conjugate ob-
.iect distance.)

5.1.2.19 Veiling glore.

5.121%1 Method u — Photographic bluck

spot method. Veiling gIare may be measured
by means of an apparatus photographing the
test field as spwifkd herein. The test field
shall consist of a bright Lambert’s law sur-
face containing a perfectly black spot. For
the PUP of this *L a pe~@!~ b~ac~
spot will be one whose hxninance is not
greater than 1/100 of w i~inan= of the
bright surface ** maaaured from tie posi-

tion of the lens. The black spot shall be cir-

cular, ard except as noted below. its dia-
meter shall subtend an angle of 1 degree
~ 5 minu~ at tbe ha under bat. For test-
ing knaes of &pea L II, 111, and V {or wne
and -era assemblies with these lenses),
the bAght field aball he of an infmiti extent.
This may be provided by a lamre integrating
box of uniform luminance within an angle
of 2 w ateradians. For testing lenses of
other &pea (or instruments with these
lenses) the bright field aball be limited to the
field ta be covered in actual use. The spectral

distribution of light coming from the bright

field shall be equal to daylight (for types 111
and V lenses), or mav be modified by s vel-
low filter ffor types T and 11 ienws 1, or be
Wuivalent to the lirht from a source which
is a t?ray body at 2848° K (for lerws and
instruments nmnallv used with a turwsten
WI IIrCe). For in.qtruments which are not nor-
mallv used with the sources specified akwe,
the brirht field shall hav~ a spectral distri-
l)ajli(,~ .slmilar to that of the swrw USWl

with the ingtrlltnent. There +all be no ~ub-

stance other than air between the test field

and the lens or its attached filter. For testing
lenses (or lens+one and )ens-camera assem-
blies) ussd to photograph distant objects, the
black spot must be at a distance from the
lens not shorter than 10 times its focal
length. For lenses used with relatively short
obj~t distinces, the bJack spot sha!l be at the

normally used distance from the km~. For
txxting cameras that pemuit easy focusing or
instruments used with short object distances,
the image of the black spot shall he sharply

in focus in the film (or paper) plan> of the
ramera or of the instrument, res*i ve)y.

For testing lenses of knsame assemblies
which have no focusing mechanism, the test
apparatus shall be provided with a movable
film holder for sharp focusing of the image
of the black spot If the focal length of the
kms is too short to produce ●n image of ●t
lemst 1 miIIirneter diameter with the ld~
gree bkk SPOLthe black spot shall be in-
creaaed in sise so that the diameter of Ma
image beCOMUapproxi~~y, b~ not ]-

than, 1 mihwter. In kwunwre assemblies
focused for rnfini& and having rJo foasing
adjuatmeng % bage of the black spot wiIl
he mcessdly out of focus in the fod plane
of the camera. The image will have a dark
cenbr where there are no out-of-focus rays
fmm the bright field, provided that the
diameter of the black spot is ~eater than
the aperture of the lens under test The 1-
bee bhck spot shall be at such a distxince
frown the lens that the diameter of the dark
center of the out-of-focus image shall be ap
Pf’Oxima&, but net kas than, 1 millimeter.
The rqmred distance becomes infinity for a
kns of 57.8 mm focal kngth and it still may

be too great for a practical instrumentation
with knw of somewhat longer fwal lengths.
For lenses of focal iength$ shorter than 57.S

mm, the require+mcnt of 1 milliruct~. r image

diameter cnnnot k met with the l-detme

spot at any real distance. In these cases, the

black spot shall hp inrr-ased in qin ~nrl
placed at such a distance that the diameter
of the dark center 0? the em-of -focw ~mam

35
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shall be approximately, but not 1- than, 1
millimeter, and the outahie diameter of the
Out+f-focus image Shallbe not greulterthan
2 millimeks. When the ldegree black spot
is wed, measurement ghall be made of the
illum inance izI the dark center of the image
of the black spot and of the iWn.inance in
the image of the bright field at 1 degree 30
minutes from the centnr. h the =es where
a larger black spot must be used, the ilhrni-
nance of the image of the bright field shall
he measured at Lfi millimeters from the cen-
ter of the image of the black spot. In either
case the value of the ihunirtance of the
image of the bright field shaIl be the mean
of two measurements taken at the specified
distance on the opposite sides of the dark
image. Photographs of the test fieId ahdl be
made on the emulsion to be used with the
instrumen~ (Light sdtered back into the
instrument by the emulsion can contribute
significantly to veiling glare. Hence, any
test method must provide a reflecting surface
similar to the unexposed emulsion over prac-
tically the entire film p~e.) Measurements
shrill be made at full apertur~ and any other
apetiure spxified, wfith the black spot on
axis and at other positions in the field of the
instrument, including positions near the
edges and comers of the field. Any area
which may be affected by reflections from
asymmetrical structures between the object
plane and the film plane shall be investiga’~.

The percent veiling glare shall be calculatd
for each position in the field, and variations
of vei!ing glare with position in the field
shall be presented in a tible or graph for

each aperture tested. “Anvsignificant as~-

mctries shall be recorded. A well-controlled
method of photographic photometry shall be
used to obtain the ratio of the illuminances
of the image of the black spot and the adja-
cent image of the bright field. Onc of the
methods is to usc a density step-wedge. This
shall be }Jacecl over the irnagc of the bright
fIPIrI ?di~rmt tn the immw of the black spot.

and a photograph of the test field shall be

/--

takem Densitometric readin~ shall be made
on the image of the black spot and on the
-W of the tWo steps Which produced the
naareat higher and )ower denaitieathan the
density of tie image of the black spot. By
intwpoiation, the density necewry in the
stepwedge to produce the density of the
im.sge of the black spot shall be found. This
density of the stepwedge is equal to the
logarithm of the ratio of illuminances of the
bright surround (Et ) and of the image of
the black spot (Ec). The veiling glare is
then computed as:

Et
v = 100 —%

E,
(n)

5.1.219.2 Mathod 34 — Photi~aphic b&k
strip methaf. The apparatus and procedure
used in this method are the same as in meth-
od 33, except that a black strip is used in-
stead of a blackspoLThelimitationsimposed
on the width and distance of the black stip
are the sameas specified for the diameterof
the black STA The length of the strip shall
subtend at the lens the rzmxirnum total angle
to be covered by the lens in actual use. Meas-
urements shall be made along the image of
the black strip at various distances off axis
up to the rnaximu~ angle covered by the
lens to find the distribution of veiling glare
across the field, In the case when an out+f-
focus image of the black strip must be used
for testing, some out~f-focus rays from the
bright field will pass through certain areas
at the ends of the image of the black strip.
The extent of these areas shall be deter-
mined, and they shal! not be used for meas-
urement

5.1.2.19.3 Method S5 — Photoelectric
method, This method uses the same appara-
tus of methods 5 and 6, except that a light-
sensitive measuring device of spectral sensi-
tivity chnract?ristirs similar to those of the
sensitive photomaphic material, which is
nomally used with the iens under test, Aail
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be used in the image plane of the tzk ap

paratua.

5.1220 Cmuienser perjownance. The con-
denser shall be set up to simulate the equip-
ment in which it is to be used, and the image
of a designated format shall be projected on
a screen. The uniformity of screen ilhtmi-
nance and tdal light output shall be meas-
ured with a foot~nd)e meter and shall be
as designated for the particular application.

5.1.2.21 hr.d~ defech. When inspecting
for scratches and dim a reference standard
glass containing graded scratches and digs
used as a guide shall be used. The aecep
tartce standards on all beauty defech shall
be determined by tie individual application.

5.1.2.22 Centratti When inspecting lens-
0S for errors in centration, compliance with
the requirements on resolving power, tan-
gential distortion, and prism effect shall be
of primary consideration. The lens examined
S?touid be tested across a fie!d diagonal which
gives the lowest reolution or maximum tan-
gential dlstoh.ori, whichever is the most im-
Potint considering the use for which the
lens is intended. Routine inspection, based
on off-axis star images, may be substituted
for photographic methods when properly
correlated.

Cop)es of specihcatlon, standards, dr=wings, and
publlcat]ons reqtnred by contractors in connection
with specitic procurement funetlons shouid be &
tained from the procuring activity or as dkected
by contracting ofhrer.

Copies of this standardfor military use may be
obtained in the foreword to the index of Militav
Specifications and Stand*

Copies Of this atandsrd may be obtained for other
than of?kkl use by irsdinduaiq @rt& ●l contrac-
tors from the Sssperinten&ntof Documents,U. S.
GovernrnentPrirttirt~ 0f6ce, W~irtgton 25, D. C-

Notice When Govemrne Lnt &a rsga, specitkatiq
or other data are used for any pu~ other than
in connection with s definitely rdetad Gowmment
procurement operation, the United States Goverr,-
tnent thereby incurs no responsibility nor any obli-
gation whatsoever: and the feettlmt the Govern.
ment may have formddd, furnished, or any way
supphed the aaid drawings, specifications, or other
date is not to be regarded by implication or other-
wise es in any rrunner licensing the holder or any
other person or corporation, or conveying any rights
or permission to snanufacture, use, or *U any pa-
tentad invention that may in any way be related
thereto.

Preparing ●cti~ity:

Air Force .

Other interest:
Isstersbational

Olber cuetadiern:
Army--Signal Corps
Na~y—Bureau of Aeronautic

.
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APPENDIX

10. REFERENCE MATERIAL

r

10.1 GENERAL ‘I’be material covered in
this appendix deem wt form a part of this
standard It is Protidd p*dY, = *=-
ence mati for Atance in tie p~~~
maxttad impection of photographic lenses.
Suggestions cxmoemingrequirementsrelated
to some mechanical details and other fea-
tures are given.A reference hat intendedfor
use by tboae preparing specific.stions and
procurement documents is also provided.

102 LENS MOUNTXNG, AND OTHER
ltm~

10.21 Mmsnicd in u cetl. When specifying
membem monn- in 8 d for a multiple
ceil lens (uuual)y two Ala, front and rear)
‘he following details should be specified:

a. Cell separation or the correct should-
er-to+hdder mounting distance
(sometimes called barrel length)
shouici ‘besuppiied with euch kns
by the manufacturer.

b. Dimensions and details of the cells.

c. Dimensions and details of the mount-
ing psrts (threads, etc.).

10.2.2 Mounted in a bamel. When specify-
ing a lens mounted in a barrel the following
details should be specified:

a. Len@h of the threaded pofiion of the
bsrld.

.—
b Whether barrel sha!! be furnished

with a threaded ring. If threaded
ring is required, dimensions and
dekiAs such as mounting holes or
means of securely setting at any
position along the threaded por-
tion of the barrel.

c Whether barrel shall be provided w]th
a tixed flange. 1[ tiange IS requ I f -

ed, dimensions and detaii8 such
as mounting t’mleal

10.2.3 Mounted m a Au&r. When specify-
ing a lens mounted in a shu~r the follow-
ing dtika should be updied:

a. Requirementsof shutter
ficiency,e~).

b. Methods of a~ng
amera

(SPAS, ef-

shutt.er to

c. Dimensions and details of shutter,

d. ‘l%reada (if raquired) for attaching
lens to shrztkr and shutter to

e. Special shutir features (self-timer,
sychnmizer, *).

102.4 Mounted in a cone. When required,
a lens, may be mounted in a lens cone. When
rqu ird, t.h~ f olkwing debjls should k

specified :2’

a. Details and dimensions of the cone-
camers seating surface.

b. Distance from cone-camera sealing
surface to focal plane.

c. Focusing means within the cone.

d. Mechanical details and dimensions of
the cone adapter.24

e. Any additional mtxhanic. aide~ils and
dimensions deemed necessary.

10.2.5 MounLed in a jocusing mount. Whefi
specifying a iens mounted in a focusing
mount the following details should he spe-
cified:

m10- -m in wbieh ftw N? ourfsm of Ih-CeIW●nd
l-! mhmr oJnckk (let•~unmk.=GmDh*c cum?-) d-

bib. --m,mm ●ttsCh-*t of h -W la c.-v* mho.ld &

.)pplw+

- A mrw *IMc1 )s drflmd m . dwtarhmbk ~m “f !k ,.-.

-h,.+ -r b ?w?kd 10 #?M-* b w,.8 lb. w“. . . d!!

ferwnt -m-
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a. Fkange focal distance (see 3.1.7).

b. Range of focus and accurncy of scale.
(See C in 4.1S.3.)

c. Whether or not the lens may rotam
when focusing.

d. Whether or not the lens may focus by
separation of the mernb-em

e. Mc$hod and detda concerning the
mounting of the focusing posts.

f. Dimensions and details of the mount-
ing am-face.

g. Other mechaniad details and dimens-
ions deemed necessary.

10.2.6 Di@wugm. When specifying a lens
which is mounted in a bawel, in a cone, in a
focusing mount or shutter, which requires
a diaphragm, the following dcksik should be
qmzified:

a. Type of diaphragm (iris or other,
number of leaves, etc.).

b. Dimensions and details.

c. Type of marking and calibration (f-
stop, T-stop, aperture ratio).

d. Related features (click stops, dia-
phragm control in the form of a
ring gear for renwte control.
t.otd angular travel and angle
corresponding tQ with stop mark-
ing, limit stop to prevent closing
to too small an aperture, etc.).

10.2.7 StutistiOai duta and qwitty control.
When reqairui, it may be specilled thsd the
contractor shall ,Bupply to the procufing ac-
tivity, a detaikki record of the statistical
facts concerning s~ifmci ~“but.es and
variables. T%eae quality records should in-
clude lot sizes, sampling size, Acceptable
Quai.ity Levels, aoce@mce and rejecbion
numbers. incidence of defective, and other
pertinent &ta such as quality control clmrts
om Ntrfbutes and variables affecting final

performance and inetilltiion. When requir-
ed, the classifi~tion of defects should be as
specified. Sampling requirernenta should be
clearly sMed in the speciilcatiin or procure-
ment document and should h in accordance
with M1UYRL1OS.

10.2.8Nuder of Lmsea to be d~tr~ed.
The s~ification or procurement document
should clearly state the number or pement
of a given order to be given any destructive
teats.

1049 Puk~ittg. Detail packaging re-
quirements should consider &e type aud size
of lens to be pickaged as well as i~ intended
destination.

10.2.10 lfudcingw Detaiie concerning the
extent to which a lens ahouid be marked and
the manner of marking the packages should
be given in the specification or other prc+
curement document.

10.3 ORDERING DATA REFERENCE
LIST.

10.3.1 Reference list. When preparing spe
cificationsor other procurement documents,

the following reference list should be used.
The first four items are identification Y&
qtriremenb which govern, in general, the na-
ture of the lens and provide a limited de
sctiption. The remainiag i&unciConaro per-
formance characteristics, physicxd and me
ehanid faaturn, rnarki~ t4ing, and
packaging. “R” uder a pantkukr lens tYPe

signifies that requinunezlti amcerning this
feature are required to be Specitied, “0”
signifies that coneidemtiom of tiia feature is
optional. *’A” dgnitks that additional tech-
nical dstaiia are required h the specification
h make proper use of this featatre. ●T ~-
pliea that tkiu item iunut usually applicable
m the h.
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10.4J List of nonmand@ww rejw~.
The fOn- lists 8re for infomuktion only,
and are not to be considerd applicable to
ti ~d in anY other sense. m= dOCU-
ments will not be supplied by the procuring
acti*.

10.41J Aww+cun StundaT& Anaociation

PH8.1O-19S4 — Thre8& for *-
ing Mountad k

Ce to Photographic
EqtipmenL

PH8.IZ-1953 — Attachment Threads
for Lens Awemor-
im, Specifkation8
for.

PH8.141944 — Front Lens hfounts
for Cameras, Di-
mensions of.

PH8.16-1947 — Resolving power of
Lenee9 for Projec-
tors for 8&mm
Slide Film and 2 x
%Indh Slides, Meth-
od for XMermin-
ing.
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Camera
Z Distance
Seak for.

PHSSMU8 —P8rta of a nob
~~C Objective
Lens, Wrnenchtun
for.

222.%1946 — Projection Rooms and
Lewen for Motion
Picture TkledenJ*

Dimenshs for.

PHZ2S8-I.968 — Met&d of Dd4mnin-
ing Itdving POw-
er of 1- M-
tion-Piclare Projec-
tor X.asea.

PH227&l%l —Mounting ‘Ihremb
8n’d Fhxlge FbUl
Dietsnees for L41me-
es on 16-MiUimeter
and 8-Millimedzr
Motion P)*W Ca-
Tnemu.

PHZZ.9G1968 — Motion-Pkture Len5-
ee, Apcnture Cali-
bration of.
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238.4.4-1942 —Focal Lengths of
k, Mxking.

238.4.7-1950 — Lens Aperture Mark-
ings.

Z38.4.2(L1948 — Apertures and Reiab
ed Quantities Per-
taining to Photo-
graphic Lenses,
Methods of Desig-
nating and Meaaur-
ing.

238.4.21-1948 — Focal Lengths and
Focal Distances of
Photo~phic Lens-

es, Methods of Des-
ignating and Meas-
uring.

Z38.7.5-1948 — Printing and Projec-
tion Equipment,
Methods of Testing.

238.7.6.-1930 — Photographic Enlarg-
em, Methods for
Testing.

10.4.1.2 Natwnul Bureau of Standards.

Precision Cmera for Testing Lenses, I. C.
Gardner and F. A. Case, J. Reseamh N.B.S.
18, 449 (1937) RP 984.

Resolving Power and Distortion of Typi-
cal Camera Lenses, F. E. Washer, J. Re-
search N.B.S. 22, 729 (1939) RP 1216.

Locating the Principal Point of Precision
Airplane Mapping Camera, F. E. Washer, J.
Research N.B.S. 27, 405 (1941) RP 1428.

Measurement of the Refractive ]ndex and
Dispemion of Optical Class for Control of
Product, H. L. Curuvitz and L. W, Tilton, J.
Research N.B.S. 32, 39 (1944) RP 1572.

Region of Usable Imapry in Airplane-
Camera Lenses, F. E. Washer. J. Itwwrch
~,~,: ~~ 77r fT114r I pp lCVC,. ..,,. ,,, . . . ,,

Refractive ind~x St2ndard~ nf Fluorrown

~?
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Gti, L. W’. Tilton, J. Research N.B.S. 34,
599 ( 1945) RP 1659.

Compensation of ~e Ape~re Ratio Mark-
ings of a Photographic Lens for Abcwption,
Reflection. and Vignetting bases, L C, Gard-
ner, J. P.esearch N.B.S. 38, 643 (1947) RP
1803.

Validity of the @sine-Fob-Power Law
of Illumination, I.. C. Gardner, J. Research
N.B.S. 39,213 (1947) RP 1824.

Sources of Error in and Calibration of the
F-number of Photographic Lenses, F. E.
Washer, J. Research N.B.S. 41 (1948) RP
1827.

Research and Development in Allied Optics
and Optical Glare at the National Bureau of
Standard% Miscellaneous publication 194,
July 1949, by I. C. Gardner and C. H. Hah-
ner.

An Instrument for Memwring Longitudin-
al Spherical Aberration of Lenaea, F. E.
Washer, J. Research N.B.S. 43 (1949) RP
2015.

Calibration of Precision Airplane Mapping
Camera, F. E. Washer and F. A. Case, J. R*
search N.B.S. 45, 1 (1950) RP 2108.

Method” for Determining the Resolving
Power of Photographic Lenses, F. E. Wash-
er, and I. C. Gardner, N.B.S. Circular 533,
May 1953. Supplement to N.B.S. Circular
533, two aheet9 of test chark

Soures of Error in Various Methods of
Airplane Camera Calibration. F. E. Wash-
er, N.B.S. Re~rt 2534, June 1953.

optical Image Evaluation, N.B.S. Circular
526, 29 April 1954.

A Study of Image Contrast as a Function
of Frequency at Three Object Contrast
Levels for Nmc t4’ide An@cI bnses. F. W.
T?nrKn-v~, V ? K ~?npn~ ‘lWk$ WV 1%4,., ., ,., .

A Simplified Method of Locating the Point
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of Symm&y, F. E. WAer, N.13S. Report
~ Angust M55.

Evahation of Distortion by tie Inverse
Nodal sli~~ F. E. Wader, N.B.S. R@ort
4690, ?Kay 1956.

Effect of Camera Tipping on the Location
of the Principal Point, F. E. Washer, J.
Resezmh N.B+S. 57 (1956) RP 2691.

10.4.1.S Journal of tbe Optical Socie& of
krwitxL

Effects of Temperature and Pressure on
the Focna of Aerial Cameraa, E. B. Wood-
ford and R. N. Nierenkrg, S5, 619 (m

1946) .

Effective Aperture of a Photographic Ob-
jectiv% IL Kingalake, 35, 518 (Aug 45).

%posed Method of S~ifying AP~-
anu Def- of Optical Pam, J. H. DkLeod
and W. T. Sherwood, s5, 196 (Feb 45).

‘l?he Measurement of Tranarniaaion and
Ccmteaat in Opticd Instruments, D. E.
McRae, SS, 229 (Apr 43).

Illumination in tie Fod Plane, F, Ben-
ford, 31, 362, (May 41).

A Claasificxstion of Photographic Lena
Types, R Kingdake, S6, 2S1 (May 46).

Autocdhnator for Precise Merumremeda
of the Flange FocaI Distnce of Photn-
~phic Lenses, M. G. To~ley and P. C.
Foote, s7, 42 (Jan 47).

A Method for Making Precise Resolution
Measurement, H. S, Coleman and W. S.
Harding, 37, 263 (Apr 47).

Illumination in the Focal Plane of a
Camera Ias, P. C!ancy, s7, 906 (Nov 47).

Lens Design and Tolerance Analysis
Methods and Results, P. C. Footi and R. A.
Woodson, S8, S90 (Jul 48).

Notes on the Cos’ Law of Illumination,
M. R~im. WL 980 (Nr)v 48).

Method of Measuring b G- ~
dition of Teleac@c Systems, K S. ~
G. W. Arnold, Jr% and W. O. X.medeck S9,
864 (Ott49).

Pho@rammetric Emma from Camera
Las Deamte@, P. D. Carman, s9, 951
(Dee 49).

Brightness of Fine Detail in Air Phob
~PhY, P. D. @man and R.A.F. Carruth-
era, 41, 306 (hfsy 51).

New Reaching of Power Test Cha~ F.
E. Washer and F. Roseberry, .41, 6W (Dec
49) .

spurious Resolution of Photographic
Lenaea, R. H~ F. E. Washer, and F.
Rosebemy, 41, 600 (Sep 51).

A Collimator with Variabk Focal Xa@
and Tilted Test Plate for Testing Came-
P. J. Lindberg, 42, 743 (Ott 52).

Lens T&g Bez& K J-*er. B.
Marcus, and B. W. Wheeler, Jr., 4s, 44 (Jan
58) .

On the Flare of Lenses, G. KUWdXL% U,
53 (Jan 53).

Air Photography, D. E. 3facDondd, 4S,
290 (Apr 53).

The Relative Photographic Efficiency of
Cerbin Light Sources, R. N. Wolfe and F.
H. Milligaa, 43, 791 (Sep 53).

Studies in the Resolving Power of Phob
gmphic Emulsions, F. H. Perrin and J. H.
Amman :

I The Design &TPerfo rrnance of
an Apochromatic Resolving-Power
Camera Objective, F. H. Pefi
and H. O. Hcadley, S8, 104O (~
48) ,

11 !!%e Resolving Power Career- in
the Kodak Research IAora@fY,
4?,26!5 (AII’ 51).

ITT The Effect of the Relative AVT-

44
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tnre of the Cemer& Lens on the
Meaaured Value 41, 1033 (Dee
51).

The Efkt of Development Time
and Developer Compositio~ U,
%5 (Jul 52).

The Effest of Reduction and In-
tensification, U, 462 (Jul 62).

‘L%e Effect of the Type Pat%m
and M Luminance fitio in the
Test Obj~ 43, 730 (Sep 6S).

Condition of Equal Irradiance eind the
Distribution of Light in Images Formed by
_ S- Without Artificial Vigne%
tiw, F. Wachendorf, 43, ENM (Dee 53).

Problem of Evaluating a White Light
_ R E. Hopkk, Suaanna Oxley, and
J. Eyer, U, 692 (Sep 54).

Variation in Distortion with Magnifica-
tim A.lLMagiU,45, 14$ Of.ar 65).

P’h_pMc ReeoMng Power and Aber-
=ticms of ~ N. Afurcott and PI T.
Gottifried, 45, 434 (Jun 65).

‘lSMOrYof the Integrating Spbr~ J. A
Jaquez and H. F. Kuppenheim, 45, 460
(Jun 56).

Reao}v@g Power of Photographic Emul-
aioz P. Hariharaq 46, 315 (May 56).

_ Of the Image Formed by Lenses,
G. Mmabara:

I Ontie C!baractemt. i~< of ~ ~ge

8A lhir Quantitative Repreaent4b

-=W (Apr 55).

II The Effect of Spherical Aberration
--, U, 625 (Aug 55).

10.4L4 ~c Enginaring.

The Interpretation and Vsms of Lens Tests
ad Calnara CUb.ration, 1. C. Cardmr, III,
13 (Marm).

‘1’%eS!gdfhnce of the Calibrated Focal

MLSTIL1 50A
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Lent&, 1. C. Gardn=, X 22 (Mar 44).

‘l%e Calibration of Air Cameraa in
Ca~ R. IL Field, XII, 142 (Jun 46).

AMC Research on Resolution and Diator-
tiow P. L Pryor, XII, 388, (D- 46).

Resolving Power of Photographic Lenses,
K. PestrecOv, XJzI, 64 (Mar 47).

Tangential Distortion and Its Effect on
P’hotogmphic Exkmaion of Con&X, J. T.
Penni@O~ XIII, 136, (Mar 47).

Field Camera Calibration, E. L Merri&
~, 303 (Jun 43).

Report of Commaa“ ion I, Photography, ~
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