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3.12.2.1 When ~ lens is
without barrel o.- shutte,“,

supplied in cells,
the locating sur-

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

3.1.3 Mechanical uzi.s.The mechanical z+xis
of a lens is that continuous straight line in
space perpendicularto the plane of the flange
or locating surface of the lens mount and
passing through the center of s~etry of
the flange or locating surface.

3.1.3.1 Flange tilt.The flange tilt of a lens
is the ax,de behveen the optical axis and the
mechanical axis.

.

.-.

3.1.3.2 Plane of the reeeiver. The plane of
the receiver is that plane in the image space
in whi~ the r-iver or the film in a camera
is located.

3.1.3.2.1 Focal tilt. The focal tilt is the
angle between the plane of best definition
and the phaneof the receiver due to the m-
chanical structure between the lens flange
and the receiver. It is not a true characteris-
tic of the lens alone.

3.1.4 Equivalent focol Zength.1 The equi va-
lent focal length, or EFL, often referred to
more simply as the fmal length, detemnines
the scale of the imnge produced by the ‘wm.
When a yiven objet’ is at an infinitedist: :ce,
images produced by distortionless lensc of
the same equivalent fopal leng’h will be e ,ual
in size, i!ndimages produced b.. kmsesot’ dif-
ferent equivalent focal lengths will var.” in
size directly as the respective equivalent
focal lengths. The equivalent f cd length ‘s
defined by the equw~ion:

f
EFL = —

tan @

/3+0 (1)
— -.
]AmRKUI %mmdmrdMotbcdof ~cmdm8 ad ~C

Ibd bnmhsandFOMI Dlsraaa d ~ ~
2SS.4.21-1948.

MllAT&l SOA
12 muy 1959

where # is the transveme distance from the
principal focus to the center of the image in
the imagwpace focal plane of an infinitely
distant Object point which lies in a direction
making an anl:le /3with the optical axis. The
equivaler . foc,d length shall be measured in
accordance with 6.1.2.2.

3.1.5 C4zZibratedjocol L5nflth.z The cali-
brated focal length, or CFL, is defined as an
adjusted value af the equivalent focal length
of a kms mountxxiin a camera or cone. so
chosen as to distribute the distortion in the
manner bes’ suited to conditions underwhich
the photograph is to be employed. The cali-
brated foe: 1 length shall be determined in
accordance with 5.1.2.3. The calibration con-
ditions shall be covered by the detailed speci-
fication.

3.1.6 Buck focol distance. The hick focal
distan~ or BF, is defined as the distance
measured from the vertkx of the back sur-
face of the lens to the Plane of tket defini-
tion. The back focal distance shall be meas-
ured in accordance with ‘5.12.4.

3..L7Fknge focal distance. The flangefocal
distance, or FD, is detlned as the minimum
distance from the cen~ of s~etry of the
kms flange in the plane of the flange to the
plane of bt t definition. h 8 perfect lens, this
distance is measured along the mechanical
axis which coim ides with the axis of best
definition. The fl:mge focal distance shall be
measured in accordance with 6.1.2.5.

3.1$ Front focal dietanee.z The front focal
distance or FF, is detined as the distance
measured from the principal focus located
in the front space to the vertex of the front
surface. The front focal distance shall bs
measured in accordance with 6.12.6.

3.1.9 Front wwtez lwokfocxd diutance.~The

msnf~l.
$* f-a 1.
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front vertex back focal distance, or FVD, M
defined as the distance measured from the
principal fooqs in the back space to tk ver-
tax of the front mlrfaoe. Tiu? front vertex
back foc@l distance shall be xnmwmxi in
acxwrdance wi@i 5.$2.7..

3.L19 Tei.eph.otaratio.The telephoto ratio
is defined as the direct ratio of ~ %ui~a~~
focai length to the front vertex back focal
d@anm.

$24 Luu8 sped. L9na &peed ia@at prok
rn* of a Iana which &acts the image il-.
kmnmwa. Lena speed aid be specified in
~ of thefdiowingax.preaeiomk:aperture
ratio, reiative sperture, or T-stop.

322 Aperture ratio.~ me aperture ratio
is the ratio 1 :N or the fmtion M’J (wfit-
ten in this manner with the ?%:tmember of
the ratio, cmthe numeratir of the fraction.

,..

>

.,

equal to 1) where N ia defined by the eqtia- ;“
tion :

1
N=——

2ndna
“~ tM8 fopnula, q i+ the index of refraction
@ the medium in which the image is for~r~i
(appro_y *Pif * image is formed in
the @r) and a is the angle aulkmded at the
add point of theimage by the aemidian. :ter
of the exit pupil of tie lens at a given Ji:..
pmq -g. U tm *t PUP~~ not cir-
cqh.r, the aquivalen: ci.rcie having the same
am= w the actwj d.utpupil should be ‘used.
T@, fw an ob;ective @ air, tie alwm~~’
ratio k s@qUeJto 2 @n a. It the aperture raiio
b givm Who@ 4#udi6c@i9w its value is
W cqrreapon* to the Iargeat indicated
@@ragq 9Pg * ~ ~fi~~Y dis~
objed. If the objmXis at a Mb *,% t?’
y~ue of the a-e ratio shouldbe qualified
by a statement of the co,rreaponding~nifl-
cation. we apture rdio is applicable for
the dekrkinAon of exposure tie W~
the object “k at an infinite or a fb-i@dis- ‘:
a For any ~ tion, the cv ware )
time is inverdy proportional to the #quare
of N. l%ua, the aperturs,- is a measure~*k. .~. (For teatprocedure
- 6.128) .

~$~JlJi%80tive _re.s ~ ~~tive
aperture of ● photograpmc objective for
distant objects, f~r a @v= -g ~ @
diaphragm b an opening equivalent to a
,right section of the largest beam of paraI.!el
kht trom an axiai object point that iatrans-
mitted by the lens. It b usuaiiy circular, or
8ppro:;-tiy so, and is specifd by its Jia-
meter. If the section ie not circular, the effec-
tive diwncter shall be the diameter of a cii cle
having the same e{!uivalent area. (For : est
procedure, see 5.1.:.9.)

3.2.4 Ckrr Wpci’(J(rc.s ‘I’he , ear apm r~:
of each surface in a lms system is the m: -;i-
—.

*wf~4.
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mum cleti opening cl the surface which is
actually u;ed in forming an image in any
part of th( field: The mount aperture at each
surface sk d] be at least as large as the clear
aperture :n order that vignetting will not
exceed the computed value. The clear aper-
ture is ust,ally circular and specified by its
diameter. ;t is sometimes referred to as the
free aperw re.

&2Ji Re, u~ctiaperture.s The relative aper-
ture shall .}e defined as the ratio of the EFL
to the diameter of the effective aperture. The
SVITIUOJ for relative aperture Sha]i be A“j
Ioiiowed by a numerical value. it IS ~vritten
as a iraction, for exampie, f/2 signities that
Lhediameter [~t’ the effective aperture is one-
half the focal length. For an object at an
infinite distan.e, the denominator of the rela-
tive aperture ,md the second member, N, of
the aperture r.kio are identical, provided-the
image is formed in air and the imagery obeys
the sine condition.

32.5.1 ~-?wnJbw,6The f.number ~ha]] ~
defined as the denominator in the expression
for the rel:itive aperture. Thus, if the rela-
‘; ve aperture is f/2, the f-number is 2.

3.2.6 T-a‘op and T-nwnber.7 The T-stop is
referred to as the aperture of a lens cali-
brated photometrically and assigned a T-
number, ,rhich is the f-number of a circular
opening in a fictitious lens having 100 per-
cent tram: uittan- and which gives the -e
central image illuminance as the actual lens
at the specified stop opening. Hence, for a
lens with a circular aperture, the

f-number
T-niiixber = --- (8)

Vt
.-. —.

Wher? t is th~ transmittance. For a lens with
.tr eflect+.ve::nerture ,>” any shape and area

A, the corresponding formula is:

f
T-number = —

r

w
— ,1)

2 At
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 r+:presentsthe T-numher. (F r
test procedure, see 5.L2.1O.)

3.2.6.1 Area weightdd average T-wtt .... ,
The T-number ~s defined in 3.2.6 is a c, i, -
parative measure of illuminance on the ax:.
of a lens.Since the illuminanceusuallyvarie=
over the field, a need may exist for determin.
ing T-numbers for OfT axia] im4ge ~in~ ~~

computing an average T-number. In accord-
ance with the basic photometric relation-
ships involved, the general detlnition of T-
number is given as

1 I

(5)

Since, in accordance with this definition,

l—

–d
=B = TO

d
Eti

2

d
.——

T, %= T, (6)
E, “

In these expressions, T, is the T-number for
an image point in a zone i, To is the axial
T-number, B is the object luminance, E. is
the illuminance on the axis, and E, is the
average illuminance for the zone. Compatible
units should be used for quantities B, EO,
and El. when the illuminance is averaged
over the field, weighting the average by the
area cif the circular zone in which the iMni-
nance is determined, and this average is sub-
stituted ior El in equation (6), the resulting
T-numkr i~ called the area weighted aver-
age T-number, or AWAT. For cmcular zones
which extend beyond the ~undaries of the

SUptwaks Page s d 12 May 1959 5
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picture format, onJy the area lying within
the format shall be used in determining the
weighting ratioa The equations for compf~t-
ing AWA’I’ am:

,—— -—_—

ds
Ai EI

AWAT = To I (7)
i x

Ids

A,
‘r AWAT = 10T, — u, (.3)

i A

in which -4 is the tctal area of the picture
format, A, h the arm of a particular zone,
and C! is the avenge reiativeihrninanre for
that zone expmased in pereerk

3dL7 Front operatk~ upertwe. The front
operating ●perture is defined as the limiting
aperture at the front of the lens,It will usual-
ly be given as the maximum diameter of the
entrance cone at the frent vertex for the
specified field of view at infinity focus.

3.3.8 Rear operating aperture. The rear
operating aperture is defined as the limiting
aperture at the rear of the lens.3t wN1usual-
ly be given as the maximum diameter of the
emergent cone at the rear vertex for the
specified fkld of view at infinity focus.

3.3 CONSTRUCTIONAL FEATURW3.
Pertinent features include details of the . Jn-
structicn of the len+.Theee may rake to the
physical configuration. or M’KLIM6 men’ of
the individual eiements, to some specliied
optical characteristic or to the nomenclature
of the various parts. (hnntructionrblfeatures
of photographic lenses are listed with defini-
tions and explanatory &ta-

S.3.1 Optioal 8@em.s The optical system
. includes all the parts of a photographic lens

and accessory optical parts which are d-
signed to contribute to the formation of an
image on the photographic emuiaion or on a
screen for viewing.
~iku ~9wmd&s
w~~~-1~

$&2 Member.e A member of a photo-
~phic be is a group of parts considered
M an enti~ becauae of the proximity of its
parta or because it has a distinct but not
alwuys entinelyseparate function.

3.8.$ Compm&nt.8A component of a photu-
~phic lens is a subdivision of a member, It
may consist of two or more parts cemented
together or with near and approxima;e! ~
matching surfaces.

3.8A Wement.s An element of a photo-
graphic lens M a single uncompounded lens,
iw., a part constructed of a single piece. TM
total number of elementeis a significant con-
stxwctionalfeature of a Iena.

3.3A Fnmt of photographic hms.n The
front of a photographic lens, in general, !s
the end carrying the engraving, and usuaIiy
king the longer conjugate. In lens drav”~
ings, the front generally faces left or up. A
notable exception is certain lenses intended
to be used in photomicography in which the
front of the lens faces the shorter conjugate.

3.$.0 Back o~ photographic kms.d The back
of :1photographic lens, in general, is the end
carrying the mountin~ thread or other
attaching means and usu@y facing the
shorter conj ugate.

33.7 Nanw of ddgn, Designs of lenses in
wh * particular configurations of elernent$
are employed are oftan given names. These
mm M are usually trade n- and the name
ordi arily applied to any particular coltflgU-
rati JII is usually the trade name of the oldest
design of a particular &pe such as “Teeear.”
In some c- however, the design name
may not be a trade name but may be based
on some feature of the lens configuration
snch ae “Symm*icaL”

S.3.3 Telephoto. A telephoto lens is detlned

)..
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as a lens for wl.ich the telephoto ratio is 3.4.7 Spanw wrench openings. When re-
greater than one, (See 3.1.10.) quired in order ta facilitate removal of cells,

elements, components, or members from a

3.3.9 G&Mstypa. A r,,nstructional feature cell or barrel, there shall be t~vo openings

is the type of optical glass of which each 180 degrees apart for application of a 8pan-

elemant is made ner wrench. Each ope:ling shall either be
circular in shape, or a slot with parallel

3.4 MECHANICAL AND STRUCTURAL sides. . .

FEATURES. 3.5 FIELD OF VIEW. The field of view of

8A.1 CeU.A call is a mecbanicd structure
holding an eleman~ componen% or member.

3.4=2 Barret. A bard is a mechanical
structure in which the lens is mounted.

S.43 Cone. A cone is” dedned as the
mechanical structure to which a lens barrel
or shutter, with lens, ie attached in order to
bring the hnage in focus in the dlrnplane of
a specific aerial camera

%44 - ~h~ A lens tiP~8m
is a mechanical device for reducing the
tiective aperture of a lens. It may take the
form of an iris or a Waterhouse stop. An iris
diaphragm consist of leaves providii!g an
opening continuously variable in sirs A
Waterhouse stop is a removable aperture of
fixed size which flti in the lens bard. Water-
house stops are umudly provided in a graded

a lens is a measure of the size d the image
area or conjugate object area which is satis-
factorily reproduced. This field may be de-
fined in terms of the maximum size of the
negative or projection material with which
the lens ia In be ueed.lo The angular measure
for field of view is the half angle, which, un-
less otherwise specified, is the angle sub
tended at the first nodal point by the optical
axis and a straight line to an object point
which is imaged at the extreme comer of the
negative. For a projected image, the half
angle is the angle mM4ndad at the second
nodal point by the optical axis and a line to
the image point conjugate with the extreme
corner of the projection material. The half z
angle is sometimes referred b the side of
the image area and-in such cases it shall
always b, so specified. The field of view may
also be designated as the total field angle
which is twice the half angle. Coverage is a
less precise term for field of view.

series of aperhKeS. 3.6 OPTICAL CEARACI’ERISTICS. OPti-
cal characteristics include all properties of a

S.4.5 Xrisdiaphragm. control. Unless other-
wise speciikd, when looking at the front of

lane ai?ecting itu optical fMlfOrm&tlCf38 such

a lens or remote control knob, a counter-
aa image qudlty, distortion, transmittance,
image color, and condenser characteristic.

dochiee rotation d the diuphragm control
shall reduce the aperture or stip the lens

When qdfying optical chamc~stics or
individual aberrations, the definitif m and -

dovrm nomenclature set forth herein shall be used.

3.4.6 Parfocalized. Lenses mounted in bar- 8.6.1 kULM qwrUtI/. Image quality em-
rels maybe specifkd as parfocalized, i.e.; the *h-tifor*~
flange focal distance may be specifiedto close

ABo-lfrncl/l. IM
U.msmamasti ~ -hu

tolerances that wonld secure an image in b::kbzxlUEkGd*b7*k *&$tibo*18
im~i:blslaalln~b k~~

satisfactory focus when the lenses are inter- ABC AIRSTDU/&MMu. U. Ground ~ f~ -

changed on a camem
~ahdlbo:lbl~’laabm (a4@80 ~),
z~ * au be *1 * X71Jk

SRpersuhmPam 7 of 12 May 1959 7
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b~ all the properties of a lene tiecting
the qualitT of the image such ae reeolving

~, ahtiou imsge ddecta, and veiA-
ing giara Aberration are optical defects in-
herent in the lens ddgn. BecauBeof manu-
~ Vdatiom it - haPp tit
tha meaaumd aberration differ - the
computed aberration Image dared am
O@dCd defects not inha?ent in the hns demkn
aad resuiting entirely fkmn manufacturing
and mounting Variatwm This SwMiard is
Prima?& C4mcernedwith optical perfol3n-
8aea OptMperformanm-be meeaurud
in term of raoking power, or specif)c
optical ChamArMcA

image I lane ie the remlving power for clo-
ly spaced lines that are parallel and adjacent
to the radius drmm fmm the center of the
ikdd to the given point. ~g power for
tangential lin~ or %ngential reaohdng
power,” i8 the r990iving powu for cloee@
spaced paraIlel Iina that are tangent and ad-
jacant to a circle draw through the give L
point whoee center We at the center of the
Ileld. Reeolvi.ng power may be apeciiled ae
minimum acceptalde reecdving power, m
gartlkw of whether radial or tangential at
epedfied 8nglee from the optical axis of the
km, or it may be epecined St both *uIn
acceptable radiaI and *UM acceptable
tangential reaching power at spenifkd an~-
lar distan~ from the optical @a. The aver-
●ge resolving power weighted in terms of
the area of the negative, the area weighted
average resolution (AWAR), ~tid~ a
ldngie Vaiue by which the -1* ww-
for the entire field may be 8pecMed. (See
3.1.2.1.1 and 3.6.2.S.)

3.&2J Photogmphk vewlm:ug power.
Photographic reedVix Pow=i8~ ~
epec.ifying Sn?d ~g perfomiu- of
@wLUHI,W,V,~,z-dme
andiSthegmte6t~ dti P@rdM-
mOtarmcordedphOtwwM@Y-~
iirIa.Aspattarai8codd-d~
whenitmeets thecxmditions d-= in
6062 =~ptiC resolving ~ dq~
Marked4 m the pktographic conditions
Q@OS’#4Lld” &E &moenc9 of hack-.

yJ14al r pMogmpMc reooMng
mMeeaWy alSot?J8pedfytM

cdoreflig31t tObewzti&P@of P-
mmdthmmaiaridand ~*-
spemdatwhioh*eSti**-W
of the ~ and the rnagnidoationor focue
at WhiCh the Aane M teatd (See 6.L2J2J-)

8.62.4 vf19ud Taoi’uing powar. visual m-
adqpoweriewdinsx=m~d
meaaw5ngoftypeXhee%~dbd_
Mtbegreat*n*db P@ miUi-

.)

8
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meter in the image of a test target pattern
that are just b~rely distinguishable as
separate lines under adequate magnification.
When specifying visual resolving power it is
necessary dso to specify the target contrasL
(See 5.1.2.122.)

3.62.3 Projected photographic renolving
power. Projected photographic resolving
power is used in specifying and measuring
the performance of tIqm VI lenses and is
defined as the greatest number of lines per
millimeter, in the object plane, that are bare-
ly distinguishable as separata lines when
observing under magnification a photo-
graphically. recorded, projected image of a
suitable ttst target (See 6.1.2.123:) When
specifying piwjected photographic resolving
power it is necessary also ta specify lens
speed, focus, magnification, type of illumina-
tion, contrast of target,type photosensitive
material and jts processing.

/“ 3.6.2.4 Projeoted visual resolving power.
Projected visual resolving power is used in
specifying and measuring the performance
af type VII lenses and in dtined as the
gr@est number of lines per millimeter in
the object plane that are distinguishable ae
separate lima in the projected image. When
specifying projected visual resolving power,
it is usually understmd ti imply a high con-
trast target (dark lines on light back-
ground). (See 5.1.2.12.4.)

MUM Ano weighte< awuge reuo&dion.
A singie average value for the resolution
over the picture format may be determined
for any given focal plane as the area
weighted average resolution, or AWAR. To
determine the AWAI& the picture format is
divided into concmtric annular zones whoee
boundaries are determined from the angles
which are midway between successive test
angles. For zones which extend beyond the
boundaries of the picture for: ‘l~t, only the
area lying within the format shall be used
in determining the weighting ratio. The reeo-

Iution obtained at any given test aqgle is
multiplied by the ratio of the arm of the
zone for that angle to the total area of the
picture formati The AWAR is the sum of
these products. To obtain a single value of
the resolution for each test angle. the geo-
metric mean of the tangential and radial
resolutions shall he used. However, the com-
putations may be simplified by the w of an
arithmetic mean whenever the tangential
and radial resolutions differ by leas than a
factor of 2 to 1. When more than one mese-
urernentis made at any given test angle, an
arithmetic mean shall he determined for the
tangential and another for the radial reso-
lutions. The ares weighted average resolu-
tion is dedned as:

where A, is the area of a particular zone, Ri
in the average radial resolving power in Inis
zone (or radial resolving power at the mid-
point of the zone), T, is the average tangen-
tial reeolving power in the zone (or the t m-
gential resolving power at the midpomt
of the zone), and A is the total area of .he
picture forma% and X is the summation
aim summating the vahm

A,
–4

—
‘R, T,

A

over all zones in the picture area.

844 Aut@mu&n ad Owvature of field.
In glmer* a hsns pomesWItwo image sum
faceo: one in which lima radial to the optical
da are best deilmd and the other in which
Unemtangent to circles concentric with the
aria are best define& Noncoincidence of
theaetWo irnag81mr&MaSiecalledlUtig.
ma- and the separation of the two image
surfaces, measured parallel to the optical
axis, is called the astigmatic difference. A
median sutiace lying between the hvo is
called the surface of least confusion and the
definition in this image surface ia least

9

http://www.abbottaerospace.com/technical-library


—
Mli41Wl 50A
t2 May 19s9

dbcted by orientation of the objek None of
thesurfacea isatrueplane. Thedepartureof
the surface of least confueion fram a true
plane ie called curvature uf field. Beeolving
P= figures, epecikd in acmrdanoe with
8.6% wi~ USl@Y be considered as rderriw
tic&&t image andobject plane. Whenmuva-
ture d field M npecMecLthe magnificat$anat

dated.
asan

RADIAL

d~~ TAM&tW4 ML

2
P

MOLAR ~S~ANCf FXeM Ax{S
3WauuaL As- ~if~

&&4 Ca&r correction. Color conwct$on is
deihed u the reduction of longitudinal and
lakral chromatic akmation s. It may be
specified in terms af the kind of Iight sad
color meadtivity of the photographic ma-
Aaitohe uaedwith thelen4e.g., thelens in
color emrectd for use with white light and
panchromatic film of ASA speed 100. The
odor correction may be specified in t.mm of
the Fraunhofer lines in the solar spectrum
that are to be used in the Iens calculations,
e.g., C and F correction. The magnification
at which the color correction is.acconlplished
shall be designated. (See 5X2.14.)

8&4.1 Lon@ud4noZ chromatic aberration.
Longitudinal chromatic abemtion is defined
as a variation in back focal distance for light
of different colors or wave lengths. It is
apecifled in tirms of this kal change for
I&lit of specified colors. (See 6.1.2.14.1.)
Figure 2 is plotted as an example .~f longi-
tudinal chromatic aberration.

“

Ifmi&enlakrdduimdicabemtm“ ‘awill
beapedfhdasthemdiald imiaUment in
X@kMtxm oflkexblthelkst mlor
from%he~of-~~k the
second color. (see 51214.2.) Figure 3 is
plotbd as an exstmpk of Weral chmmmtic
abrretiom

WAVEUM6THOFL16tfT @d)
Fm)xs 3. &ted Ckomdb Aberratti

3AM Mqr@ation.

3.6.6.1 PamziuZ rnagn@ati4nk ‘I%e paraxi-
4 magnifleatioz oftan referred to more
shnply as magnification, determines the scale
of the image when the object is at a finite
dietante from the lens. The paraxiai rnagni-
fica ion, or PM, is disdinedby the following
equation:

f
PM=limit — (10)

Y
7+0

where ~ is the radial dbtance from the opti.
calaxbtotheh nagepointintheirnageplane
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3J3.1Matwial &~ect8. 3.8.22 I&w. BurM are reddish stains
generally ground on the central areae of

3*.1.1 B &b&: Bubbles are air or gaseous elemant~ They are usually caueed by the
inclusions entrappedwithin the glass. drying-up or glazing of a polisher.

3.8.1.1.1 See&. Seeds are very small bub-
bles

3.8.l.L2 Air bdle. Air bells are irregularly
shaped bubbles

2.8.1.2 Cracke. Cra&s are shallow separa-
tions or Ireaksin the glass.

3JL1.3 Feathtvs. Feathers are powdered
. surfaces folded into the glaae in the preeeing

proceaa.

. 3.8.1.4 Fold, or ZqM. Folds, or laps, are
areas in which the glaae has been folded
upon itstIf but not fused.

3.8.1.5 Mikinesa. MiUdnees is caused by
cloudy or mil& areas within the glass.

3S.1.6 Stone8. Stones are fragmental of
undissolved material in the glaae.

3.8.1.7 Skin. Strain is tension within the
gkae caused by inadquate annealing or im-
proper mounting. It is an area of index of
refraction differing from the nominal.

3.8.1.8 St*. Striae are streaks or veins
in the g?ase with the ]nd= of refraction dif-
fering from that of tk body c+ the glaae.

3.8.1.8.1 Reams. Ream are fine bands “of
Striae.

IL8.1.M cord8.cordsamstreak8 of very
heavy s-

3.8.2 Jfanufaeturing def ect8.

3.82J B&ters. Blisters are bubbles in a
cement layer.

3.8.2.3 Cement 8tart8. Cement starts are
spots where the components of a cemented
lene have startad to 8eparata. They can be
emall irregular spots between the elernenta
or run-iM at the edge+insutlicientcement or ,
cement at the edge dissolved by a solv(mt.

3.8JL3J Rumina. Run-ins are cement sepa-
rations at the edge.of a cemented compo-
nenk

3.8.24 Chips. Chipe are areas from which
glaaa has been broken away from the sur-
face, edge, or bevel of an optical element.

3.82.5 Craoka Cracke are breaks in the
glaae.

%8.2.6 f?iga. Digs are breaka of the pol-
ished surface of a roun~ O- square, etc.,
ahape including pi~ holes, and surface
broken bubbles.

&84Wl Dirt hokw. Dirt holes are digs ~
filled with rouge.

9.82.7Dirt. Dirt conaista of du~ lint. or
other foreign matter on the surface or en-
trapped in a cement layer.

&&Z.8 &wne88. Grayness is represented
by finely ground areas indicating incomplete
or fmproper poiiahing.

.-
&82.9 Moki mark. Mold marks are marks

on the surface produced by molding.

&8.3.10 tlrm~e peeL Orange peel in poorly
polished surface, pock-marked with pita,
having much the same surface appearance
as the akin of an orange.

$&2ell Poor potik Poor polish pertains
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to polished surfaces containing minute pits
cd a gray or red color. They are gray grind-
ing pits fn the surface of the gIq or red
grinding pinte in which rouge has & so
deeply embedded that it haa to be removed
by further polishing.

U- Scmtoha. Scretchee are furrows
or gmovee in the surface of the glass caueed
by the removal of g- usually made by
mama grik frarimenta of giasa, sharp tools,
etc., rubbed over the surf-

3.83.13 Smears, mum, tier epotq etc.
Smears, sctim, water spots etc., are residue
of evaporated or unevaporated moisture.
They are usually removable by “normal”
cleaning.

3AZJ4 Shim Stain is a discoloration of
the glaas surface, usually brown, blue or
green, caused by the depsit of foreign mat-
ter, or changes produced on the surface of
the glees by chemical action of some sub-
stance with the glaee.

4.1 MARXINGS.

4.1.1 Lens nuzrkingu.
as maximum aperture,

4. GENEIbSL REQUIREMENTS

Lens markings, such
focal hrngth, field of

view, and serial number shall h placedon
the front dthekms cedloron the barrel if
space limitations so raquire. The lam name
and serial number shall be assigned by the
manufacturer.

4.X2 Cdl markinu. ~ supplied in ceils
or constructed with removable cello shall
have ail celle permanently marked with at
hut the last three digits of the lens serial
number.

4.2.3 bfaeim$m aperture. AM ~ of
Ieqexcept mXand XI, shall be
marked with their maxhun aperture stated
either se the mlattve aperturq aperture ratio
or T+tip. .

4A3J The symbol for dative apertam of
alenaahall baf/follOwcxihy the lEUMdC81
val~ for ~pb f/20.=

4LL2The symbol torthe T-stqofahna
ahallbe TfoUowed byaspaceand then the
numaricxdvalu% for example T 22

4.1S3 f-number.fi The ef?eotive diam@@r

-~~—~~ aa.4.~

of the maximum aperture of the lens shail
be at least 96 percent of the quotient ob-
tained by dividing the marked focal length
by the f-numkr correqmnding to the maxi-
mum marked aperture.

4.L4 I& diaphragm coWrot marking.

4.1.4.1 Full stop. 1~The standard series of
diaphragm markings, or stop openings, shall
be 0.7, 1.0, 1.4,2.0, U!, 4.0, 5.6, 8, 11, 16, 22,
32, 45, 64, 90, and 128.

4.LU M&mum aperture du#.1~ The f-
number corresponding to the maximum aper- . .
tu~ T-number, or apertme ratio value
marked need not be eehcted from ‘+ above
eeriembut shell be followed by the above
series of stop openinge beginning with the
next Iargest number whenever practkal and
progressing aa far ae required in the indhid-
ual application; e.gw for an f/1.9 lens the
diaphragm might be marked f/1.9, 2.8, 4.0,
S.6, 8, etc, if it W= bekved thst to mark it

f/1.9, 2.0, 2.8, 4.0, 5.6, etc., wouki COdU19S
the marking ●t the f/1.9 end af the scale.

4J.4.3 Fredimd stop vakwa. In addjtion
to the numbered valuee, each stop ma.Tbe
divided into three subdivisions by dots or
marks (not numbered), the dots being at
%Mrds of a stop,” e.g., 0.7,0.8,0.9,1.0, 1.12,

18
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solving power targe~ used on all teeta shall
be as followe: The target shall consist of a
s@ee of pa~ems decreasing in size aa the
v2, v2, ~$’2,with a range suficient to cover
the requirementsof the lens-filmcombination
under test. The standard target elementshail
consist of two patterns (two sets of lines)

“at right angles to each other. Each pattern
shall consist of three lines separated by
spaces of equal width. Each line shaii be five
times as long as it is wide. (See Figure 7.)
For types I and II lenses, targets with light
lines on a dark background are preferred;
for types IV, VI, VII, XII, XII leneee, tar-
gets with dark lines on a light background
are preferred. The target contrast (the dif-
ference in photographic density between the
lines and spaces) shall be either high,
mediuq t r low contract, as specilhd.

~lGURE7. Standard Rewolving P~ Teat Target
Eknwnt. TAo @tcnW Of iinesaTO~?db~ bo8
Z.5 z millimetws long and 0.5 s n8iliinwtar2 *

with apaa~ 0.5 z miliinwtere wide between tha paral-
lel lines, whue z ●quals thdnumb- oj linaa pzr
nd.limdor. -

.
5.1.1.7.1 High contrast target. A high con-

trast tirget is one in which the density dif-
ference between the light and dark araas is
gre:Lterthan 2.00. - “

5.1.1.7.2 Medium. contrast taraet. A medi-
um contrast target is one in which the den-
sity difference between the light and dark
areas is equal to 0.80 & 0.05,

5.1.1.7.3 Low contrast tavget. A low con-
trast target is one in which the density dif-

.. . -.
UK4TD-150A

12 Moy 19s9

ference behveen the light and dark areas is
Cqlld to 0.20 ~ 0.06.

5.13 Test mathoda.

6.12.1 Ftane of best dcfmition. The plane
of best definition is usuaiiy determined by
making a series of evaluations at a su5cient
number of focai settings. The distance be-
txveenfocal settings in hundredths of mflli-
metere shall be at least

f-number of lens

no. of Iinee/mm. expected

The detailed specification shall state the
method used in determining the plane d best
definition.

50122 Equkbnt f(xnz.1Jength.

5.12.2.1 Method 1 — Photographic meth-
otj.14The EFL ahdl be measured by placing
a photographic plate in the focal piane of the
image space. Unless otherwise specified, the.
focal plane is defined as the place of best .
photographic imagery for an infinity diatsnt
axiai point; the focal plane may also be spec-
Med as the piane of beet definition. A colli-
mator and reticie may be conveniently used
to provide an intlnit.elydistant object point.
Exposures are made with the beam of light
from the collimator directed along the opti.
cd axis af the lens and a series of angles
/% E*Pe~ On the resul~nt ne-tive, mea-
urements shail be made of the distances
#i. Y#j e~.t from tie ~ imasf~ to the
images corresponding to the angles ~~, /3:,

f, f:
etc., and the quotient —1 —

tan /3, tan &
etc., formed. The limiting value of this quo-
tient as ~ approaches zero is the EFL In a
photographic objective free from distortion,
the quotient is invariant with respect to the

Mtitia ~ Mu&d9tar~sd~
lnKFaal&a+aad Fd~ IadP~~
zm4.2hma
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value of ~. For many photographic purposes
the distortion is negligible for points distant
from the center nf the umfu] field not more
than ondifth of its radius, and oonsequenti
!y, it will very often be pmsihle to obtain a
satisfactorily accurate value of the EFL
by a single determination of /3 and y’ for a
point lying near the axis.

5.1.2.2.1.1 Method 1A — Combination
ethod. The EFL ah may be determined

by adding the photographic BF to the dis-
tance from the rear vertex & the emergent
nods] point. The latter distazm may be
determined by Method 2.

&lw2.22 iul?thd z — Nmiid 8Md4 method*
~ lens to be tested shall be mounted on ●

nodal sljde to rotate about the vertical axis
through ita second nodal point. The distance
from this nodal point to the poeition of beat
axial foeue for an infinitely distant object
point ohaIIhe meawwed. Thie is dso known
as the eeecmdprincipal focus. (.4n important
factor or uncertain@ in using this method
is the difference between the poeition of beat
focus es judged visually on the optied bench
Sndthe beet foeua se detinnined photograph-
ically by method 1.) When using this meth-
@, the criterion for detennini~ the best
axial focue should be epwMwL The criterion
used is dependent on the type of test object
or target used and may be specified in terms
af either the haze poeition or the position of
grednat concentration (see ~.&9.l.l and
$.6.9.12) or in terms of the color in and

around the image.

5U23 OxZi&ated footal length. When de-
termining the calibrated focal lang@ the
plane of bad average deflnitian shall be
ehoeen as the focal plarm To campute the
calibrated focal length, M #1, #z, + rep=
sent the distancea in the focal Mane from
the M point to the imagee of infinilxdy
distant object points lying in the dkectha
making angles pl, ~~, eti, tith the optical
axia of the objectiv= If f ia the equivalent

focal length in the absenceof distmtion, then

f,= f *I /3, (13)
#,= ftan&

and #.= ftan& (14)

h the presence of distortion

+,= ftan&+A’ y’,
~,= fti@, AA ’~,

(15)

and #,= ft8n~. +A’#. (16)

The added terms are the valuee of the linear
distortion for valuea@,, p,, et&, respectively.
The valneaof # and ~ are measured directly.
It is evident that the individual values of the
distortion defined by the above group of
equatione ean be changed by changing the
value af f. If f is the equivalent focal length,
in many instances values >f the didurtion in
the neighborhood of the axial image point
wtil he small, and near the edge of the field
the values will be large and predominantly
negative or positive. Infinitelydistant targets
may be provded by a group of cdimators
or by one ocdlimator which can be succes-
sively placed in the required angular pOsi-
tiona Exp&mes shaIl be made and the y’
corresponding to each angular distance f rem
the optical axis shall be d-ned.

53.24 Back focal dtitance.ls To determine
the BF, the focal plane in the image space
shad be determined by a visual or photo-
graphic method. The meaeumd distance frem
this focal plane to the ve@ex of the back
surface of the lerreshall he the required BF.

54.2.5 Fkmge food distuaoe.lt To deter-
mine the FD, the focal plane in the image
space shall be determined by a viaud or
photographic method. The meaeurexnent
ehall be made from the plan* of the beating
surface or the dange to the food @an&

591JL6 Front food dietince.ls To deter-
mine the FF, the focal piane in the object
space shall be determined by a visual or

mb~mma

3

http://www.abbottaerospace.com/technical-library


-.. .

photographic met .od. The meaaureddistance
from this focal plane to the vertex of the
front surface of the lens shall be required
FF.

5.1S.7 Front vetiez back focal distance.
To determine the FVD, the focal plane in
the image shall be determined by a visual or
photographic method. The measured dis-
tance from the vertex of the front surface
of the lens to the focal plane “shall be the
required FVD.

5.1.2.8 Aperture ratio. For the special case
in which the object is at irdlnite distance
(magnification = O), N, the first member
of the ratio equation (2) in %22, may be
determined as the quotient obtained when
the EFL is divided by the diameter of the
effective apertiin.

5.1.2.&l For the generaI case in which the
magnification may have any value, a pin-
hole should be mounted at the axial point of
the desired ~ge planq and the angle of
the cone of light emerging through the pin-
hole from the lens should be determined by
measuring the diameter of a right section
of the cone at a suitable distance beyond the
pinhole. The angle a can he calculated from
the measurements and substituted in equa-
tion (2). If n is the index of refraction of
the me,iium in which the +gle a is me s-
ured (r = 1 for air, used in the great ~.]a-
jority of cases), the semnd member of the

. 1
aperture ratio is .

2n sin a
When measuring the aperture ratio by the
method of this par~graph, the angular sub-
tense of the object point at the first nodal
point of the photographic objective must be
small as compared with the value of the
angle a between the optical axis of the
objective and the extreme ray proceeding ta
the image point.

.
5.1.2.9 Eff ectiw apertuw.

MlL-STD-l 50A
12 May 19$9

5.1.2.9.1 Method 3 — M~cromme met~
&m18 A ~ave]ing compound microscope hJ
required with means for translating the
microscope in a direction at right angles to
its optical axis through a measured didance
not less than the diameter of the maximum
effactiveaperture to be measured.The micro-
scope must be of low power (10X to 20X)
provided with a reticle and with a working
distance sticiently long to permit the micro-
scope to be focused on the Iimitinx opening
of the photographic objective through the
front member. The photographic objective, of
which the effective aperture is to be meae-
ured, shall be mounted in Qconvenient posi-
tion to permit the traveling microscope to
be directed parallel to the optical axis of the
objective and focused upon the edge of the
opening having the smallest apparent diam-
eter. (The photographic objective is not
to be disassembled.) This edge shall be
viewed through the lens elements which are
normally traversed by ‘irna~fonning light
before passing through the limiting open-
ing. A microscope having a long working
distance is required to avoid mechanical
inteflerence when looking through the lens
elements A microscope shall then be trav-
ersed and measu.rementamade to determine
the apparent diameter of this opening which
shall be the effective apertu= In place of a
fiveling microscope+a suitable contour p-
jector maybe employed to measure the effec-
tive aperture. If the lens has a non<ircular
aperture, the measured diameter must be
suitably COHti.

6.102.9.2Method 4 — Point 8@urce 7neth-
0L17 When it is not practicable to use a
microscope of sufficient working distance to
permit the limiting opening to be observed
through the lens elements, a source of ligh~
as small as practicable and emitting a cone
sutliciently large to fill the lens, may be

~Amm’hn Shmkd Xctkwds Of lhckmdu and ~S
A~ and So18t8d Chuniitl, P*inc W P~
Lmuu. za8.4.zblv4a.

mbrkul ~AKIsmCkll~dX@inm ~
Lmm. Pm?.90 - 1W4.
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placed at the second principal fecus tind
directed toward the objective; the diameter
of the emergent beam should be measured
as near the front of the objective as is prac-
ticatde. This method is subject to a system-
atic error, the value of the finite & of the
source.

&l~O T-number and tra4Mm&@tee. The
Q@_~ti~Sti6fm
detmnbing T-stops and tmnemittance af a

, lens mpreeents worlmble apparatus. How-
ever, modincationa are permitted provided
that tie MC Requirements of the method
and the speeifid. accuracy m met. (see
S.2.6 and AL4A.)

&LaMLl M&had s — ~=%tded 6WC8

medlwd.ls This ndlmd of lens catlhration is
baeedon flllhlg thelene wilihughtfroan an
~ tio~ SOU=Sof @deqUti size and
placing in the plane of best definition of the
lens a metal pJate with a hoie, the diameter
of which shall not exceed 9 @llimeters (or
1.S nWmetam for &millimeter @n), at its
ceRter. Thelight flupaa9ingtlhrough *
hole shall be lU~U1’d by a photocell
arrangement. TMsfluxahallth@l becom-
pad with the flux passing through a huleof
the same dimensions from an open drcular
a~ure of ~UCha size and @t SUCh 8 dis-

tanoe~the pbtithatitddxmds the
deeired a@easothatsina=~T, where
Tisthe T-number to remeasured. The
-M care is ncmmaary to iaaum! that
the extended source is uniform. In practice,
the photocell reading for each whole T:
number is tit determined for a series of
open apertures ●t a fixed distance km the
plate. 7%s lens is then substitutui for the
open aperture with the S-millimeter hole
accurately in ita focal plane and the iris
of the lens closed down until the photo-
cell meter reading produced by the lens. is
equal to each of the successive open hole

readincs. The full T-stop paaitions are then
mar} :11on the diaphragm ring of the lens.
The intermediate thirds of stops may be
found with sufficient accuracy by inserting
a neutral densit~-filter of 0.1 ind 0.2 behind
each open aperture in turn and noting the
corresponding photocell readings or by di-
viding the travel of the diaphragm control
into three equal parts. The extended source
should he UIlifOI!Xdybright over ite useful
area to within ~ 3 percent. (This could be
tested with a suitable telephotmneter, or a
small hole in an opaque screen could be
moved around in front of the souroe and
any consequent variations iB photocell read-
ingnotxdJ Thesource may bea shemstof
-d ghUWoov~ a hole in a wtdtelined
box containing several lamps mountedaround
the hole and shielded so that no direct light
from the lamps falls on the ground glaM
itself, ‘l%e photocell reeeiver may be of the
phototube type with a simple d< amplifier
Care must be tak~ to insure that photo-
tube sensitivity does not change between
marking redings on the open aperture and
on the lens itself. To guard againet this, some
tu- ~t ~ d-idle, ~fi the
lens on one aide and the open aperture on the
other, no that the two may be interchanged
and compared quickly with each other by
turning the turrei Transmittance of a lens
shall be meaaured at the maximum relative
~ in a directionparallelto the optical
axieufthe iens. Tranemittanceis equalto
C/It where C is the calibrated photocell read-
ing with the lens in place, and Ii is a similar
read4gwhen aclearcircuk ape*mti in
place, subtending an angle a at the hole in
the front of thephotooell so that sin a=
MN, where N is the second term in the aper-
twreratio afthelens to betestad. (See
&JL2.)The value of N must be the true value
which may di&er from that indicated on the

5.LUO.2 Method 6 — CoUimator meth-
od.19 In this method, Hght from a small

=sa~lr,mta

.7

‘).
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source (a 5-midrneter hole covered with
opal glass and drongiy illuminatedfrom b
hind) shall be collimated by a simple knej
or an achromat if preferred, of a focal length
at least three tim~ the EFL of the lens be-
ing teeted and of autlleientaperture to fiIlthe
ha being calibrated. This gives a colli-
matd beam which will be focused by the
tart lem to form a amdl circle of light in lta
focal plane. This circle of light will be lees
than the prescribed lhit of 3 millimeters
diameter. Uniformity & the colliited beam
can be checked by moving a small hole in
an opaque screen across the beam, and nob
ing any variations in the photoed reading.
For the mmparison uni~ an open aperture
shall be used, of diameter equal to the focal
length of the lenmdivided by the desired T-
number. This aperture W Ilret be mounted
in front of an integrating sphere of ade
quate size with the usual photocell detektor
and the light from the collimator allowed
to enter the aperture. The aperture plate
shall then be replaced by the lens, the iris
diaphragm closed down to give the same
photoceil reading, and the T-number en-
graved on the iris ring. The intermediate
thirds of stops. can be found by ueing 0.1 or
0.2 density filters, or by dividing the travel
of the diaphragm control into three equal
parts. To guard against “drift” or line-volti
age variations which might occur between
readinga of the comparison aperture and the
hna, it is convenient b leave the known
etandard aperture in place in front of the
sphere, and to insert the lane into the beam
in such a position that the small image of
the source fails wholly within the standard
aperture. The meter reading should then re-
main the same with the lens in or out of the
beam. A second plate with a 9-millimeter
aperture should be placed over the compari-
son aperture while the lene is in pkme to
atop any stray light which may be %ect.ed
from the interior of the lens. It should be
noted particularly that if this method is
used, the focal length of the lens must he

-e . &*ti ‘ MIL-S’T’W}S” “
12 May 1959

meaaured separately and a suitable set of
open apertuxwaconetmctedfor ueewith ik
However, by suitable devices, one single set .
of dxad apertu.m maybe ueed for all lenses.
lhnemittance of a len8shall be measured at
the maximum relative apdzwe in a direc-
tion parallei to the optical axia of the lens.
Tranmnittance is equal to C/R where C is
the calibrated photocell reading with the
Ma in place, and R ie a similar reading
when a clear diaphragm (equal tQ the lens
effective aperture) is in place.

Su.11 IMutit?eJiik#wution

5.1.211.,1 Method 7 — Extended 80U7’Ce
mduni. Thiia method of measuring relative
illumination makee uee of the same appara-
tua and technique epedfied in method 5.
Withthe len8tobemeaeure d set up in the
appara~ the photocell shall be displaced
laterally h the poeition awresponding to the
_ m PMOYU% and the comes-
ponding percentage of axial iIluminance for
each position is found from a calibration
emve of thephotocxdimeter.

5.L2JL2 Method 8 — CoMnator met?uxf.
Tide method of mewmring relative ilhmina-
tion makee uee of the -e apparatue and
techniques specided in method 6. With the
laneto be measured setup in the apparatus,
the lens shall be rotated through the desired
deld anglee ~ and the photocell readings
oompared with the redinge for the lene on
axh The percentage @ light flux trane-
mittadcan then bereadoff a calibration
otme for the photocdl sydmn and converted
to desired percentage illuminanceby dividing
by elms/3.

S&2JlS Method Q—D “enectmut~ mdh-

ed TM method of meamming relative illu-
mination mak~ use of the came apparatus
and techniqu= ae specified in methods 5 and
6, except that a photographic plate is substi-
tuted for the photncell when the extended
source is X and for che in~ating sphere

2s
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when a collimator is used. In the latter case,
the image prmduced by” the lens should be
in sharp focus on the emulsion plane. The
exposures are macki ou the mcis and at the
mwufred angular poeitions oi? axis. The ex-
pfuretimes ehdlhth~eti allthe
w ~iti-. The denetties of the exposed and
de ‘eloped images shall be measured and the
re!ative ilhaminance detarndned using the
wmitometric cume of the emulsion, obtaind
Ay expoeing a calibrated step-wedge.

53.2S1.4 Metkod 10 — Iw%reet com@~-
tim nwtkod. The indirut computation of
ilhlminance distribution from dimensions of
the lens are outlined in this section. The
methedin thiscaee iSforak8whti in*
@@! Stap, or in &ternsMng the ixlurni”
mmUJdistribution of an actual IeM when no
eonverdant photometric eqnfpment in avail-
&h

5J2JIA4 Dieto+deee km with objeet
at is@tity.The ease where the object is at
tiity k app- to meet photographic
objectiva encmmtared in eerial and gmmd
phcbgmphy. TM Ileld angle of mch a lens
ie always expressed by the obliquity angle
A in the object spece. The deeired relative
~_atiOn is @ven by :

* %
B=—=— cos~+ (17)

so 8*

where E h the illuminance at the point in
the imagQwhich correeponde to the obliquity
=gk+inth6-ub@ctspace4@ &~~e
ilhnninance at the center of the W& a and
SOem respective y, the beam eection areas
of the oblique and axial beam at the chosen
tierence plane in the object space. The area
~ will in general be emaller than & due to.
vign@mg, but in some unusual lenses, S+
may be somewhat greater than S..

5.1.2.11.42 Die&Wtfd8U J&neu?it hfi??it%
ebject diettanoe. The relative illumination R
can be computed either in the object spece

or in the image space depending on whirh ‘3
is more convenient The illuminance at iLLl~ le
+ is given by the idagml’:

E+ = K@M+S = K’Jco@+ dS’ (18)

where K and K’ are constant-sindepencitnt
of eMiqllitY. The integrale are to be taken
over the respective beam sections. The in-
tigds are necemam bMSUM~ and # ~MT’
from. point to point over the beam secti.ms.
M the aperture is srne4 the integral becomes
~ry and then:

E+ = KS+ a++ = x’s’~ COS44’ 119)

The relative illumination is t- feud by
evaluating E+ and I% for an oblique nd
@alhd_tintio R= EI#Ic,.

5J.2Jl.ti Distorting lens with objwt at
*/Wtp. This U?ers from the previous casf
beemee the distortion will have a consider-
able effect on the distribution of .Wuminzmce
expreesd as a function of the entering obli-
@Y angle +. In this case the relative illu-
mination becomes :

>
m % “fisiri+eoa+ ;

R= —=— -
EL so h’ ((W)

e
(d+)

(20)

s+and S.a.rethe amesdti~~*jons
for the oblique and axial beams at the chosen
reference plane in the object space; + is the
obliqdty angle in the object spare f ia the
focal length of the lens and h’ is the image
height. By measurement or computations
on the 1- a reletion cen he established
co.meeting h’ with +, from which the value
of the derivative dh’/dt can be found at anY
deeired point in the field. For a distortion-
s lens, h’ = f tan o; in that speeial ease
equation, (20) simplifies to equa ion (17).

5.LZJIAA Dbtorting late with finite ob-
ject dietunee. The image space equations (18)
or (19) hold independent of the distortion of

sup88u&DPeeea8ktla Me71ns 2$”

./’

.
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the lens. If it is dw.red to use the data
the object space, quation (18) ~m~:

of

—.
h’ (dh’)

J

(27 )

(dh)

where K is a constant different from that
used in equation (18), h is the object height
and h’ the height of tie image of that object.
The derivative dh’Jdh must be found by
determining an algebraic relationship b
tween h and h’. If the aperture is sufficient-
ly sma~ # will not vary greatly over the
beam section and the equation may be re-
duced to the approximak form.

—* CCS4+,*=K h
h’ (dh’)

(dh) (22)

5.13.11.4S Monocsnhic Zeus.In the case
of a lens having a civnxnoncenter of ~
ture to all the surfaces and a concentric
image surface, the relative ilkn.intion --
tains only one cosine, namely:

E+w
R—= — cc+ (28)

E, = so .

5.1.2.12 Resolving powtn’.When specifying
cm measuring res@ing power, care should
be taken to consider the follow~ng pertinent
factors: methods of testi, contrast of tir-
get used, kind of and processing of phb
sensitive emulsion, whether filter is to be
used, and magnification at which resolving
pwer target images are red. For reading
resolution, a magnification af the lowest
power which permits convenient viewing will
yield the higheat resolution readings. (The
rule based on Selwyn’s experiments zo that

MlL-ST&l 50A
. 12 May 19s9

the numerkxd value of the magnification
should equal the number of lines per milli-
meter expected to be resolved can be con-
sidered a rule of thumb.)

&L2.~~.l PhO+Oflraphic Te80iVingpower.
When conducting photographic resolving
provertestsby r.Lethods11 and 12, the photo- ~
sensitive material and processing should be
in accordance T ith table II.

5.1.2.12.1.1N thod 11 — Collimubr mew
0&21 For lew primarily intended for use

on distant obje ta, such as tws 1, 11, IH,
and V, this me hod should @ used. The -
solving power ‘ mget is placed at the .winci-
pal focus of a collimator and illuminated
with white light. A filter of a specified color
may beusedand itahall be placed between
the light source and the target It is recom—
mended that m tier to eliminate vibration
effecta, afiaahdkharge lamp beuaed asthe
light source and that the light from it be
fkred if necessary to approximate white
light (See 6.1.1.L) Exposure can he con-
trolled by means of neutral denaf~ illtara
between the light source and the target. The
lens to be_ shall be placed in the colli-
matadbeam fromthetarget and a teatplate
or filmmade inaeerieuoffccal aettingaas
described in 6.1.291.Unheaotherwise speci-
fieI& the lens shall be set at the specified
maximum relative aperture. With the teut
plate perpendicular to the optical axis of the
lens, exposure droll be made of the teat tar-
get at the SIR:ified angular distance from
the axis out to and including the multiple
of the specified angle falling nearest the
corner of the platn inside the picture formk
The specified angle should be multiples of
l% degreea and should be spaced to provide
5 increments or more in the semi-field of the
lens. The exposure time shall be the same
for all angular settings and shall be the

~lnmAhOd 11, utb9mDl?irlg Dmruis~@*
tlonlnr fmrntillrn~mill~d ~~R%d*
=ll$=ubr.~=d--titi +Hbse
rwt#4bY muttiDlfiaC -!hab7tbm OMhndt&*-
-dtan8dAslliwmWtlwea2 d~ti~fi

supemdem Pam 27 d 12 MS7 1959 m
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TABLB11

(7@lallLLmd
&mDdk)

(&MBebfbm@
& I,ug@

n

.

b@t4Mt4daadmaced8tthersdred81unlk
didanakTh44-distarlcefromtbesanstQthe
plane oftbtammtafibd=i~o
Wbemthi8method iswedfor_gk
at idhd& fotw edther fomnda (12) in
5.1.13 may bh naed to detamme‘ thepropar
d- or some designated distance may
bemJecL’I!het49tplatedlalIba8djustedx-

~-

lo

80

10

ao

60
......

100 0.0’* O.1o
...... Muixnum con-
. . Mluimmm~’
.. . L& * &lo:

pendicglar to tha optical’axis of ‘the km. and
eXpOSOdfoz mdmum resaiution at the tar-
gck nearest the mgie equal to, one-lmlf the
hdfangiao fviewoft’lml enabeiw-
andshall bexnovedina tiesof focalaeb
tinga as deecnbed in 6.L2.L The sensitized
material? proW@W etc. ahfdl be in accord-
aacs with table IX.

!5JSJz!z M&hod H — Vhaz Te80zuiw
power. when VfnualrtHIO~ powm meaS-
Ixmlmenta.azvYreqllimd (suchMty Pe x
Imweu)Ftheywillbe X_lUce the
photographic resoking power - al-lx
thatther aarial~whmitiamd and
edy Walilhbhh win be Obees!vedVi81@y
undhrma#btbR Method 120r12in
&lJudwin bea9adaE nP9cMe&deP=~
hOIdhH#ofhyd#&&~
formed & mlriemfhdar”
virtnld ~atdacmpe dnplladdmwmb
Ilmmhetem,ml dplacedtith eeyelwi-
wiRbeuMd tooheem ibtu18go-hl*
cac%theredtitih~ in
telmwafa specidedt altcimrtt ia llpoci-
liddfstwlce01n8iI~*tham
hl’ormsd on aground gh,thegrmmdglaaa
sNI be rer.mvedto o-e the aerial image,
and the image sbd be obamved on a plane.
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addition of this sti J enabi- one b measnm
pri8m ugle. Whea meaauring distortion st
finite did.ancee the plane of the targeta must
be parallel to the teat plate. Mathematical
meana for adjueting the meaeurementamay
beuaedto eliminate error fromthia mxroa
If the distortion is to be meeaured for an
object atadnite diebancq thetugetaabd
beaetup attherequired diaknoeaaapeci-
lW.Thete stprocedureis theaameaa for
the object at infinity, except that the distor-
tion in determined on the basis of paraxial
or edibrati magnification.

5J.U6.2 Method Z6 — CoUim4w bank
md.od. This method is intended for uee with
lensee mounted either in cameraa or in ted
barrels. Method 26 is similar to method 25,
except that a bank of collimator containing
targela ahdl be ueed instead of a target

5.L2J6.S M8thod 27’ — s~ti lZoWn&tor
photogruph& method Xn some - where
high precidon is not req~ a dngle cd-
Uxn@Or may be u8ed in conjunction with a
teatplate asinmOthOd 2t3.Inthi6meth~
eitharthe collimator orthelenaandthetd
plate ahallbe ruktedthrough thereqnimd
fkdd angl- about the center of the entmnoe
pupfloftheleum

S.LZJ$.4 M&hod 28 -Nodal d&iewnt&
od.’l%i sisavisua lteatmetho dandmaybe
nued, when specified, for 1~ mounted in
barrehl’’hele natobeteat eddmnbeprop-
ertiplaeed onthenodaldide of an &&l
teat bench andoentered gothatitaoptieal
aria is nearly coincident with the ads of the
ti~ Distmtion for a particular angle
ehaIlbe measured by the Iati Wsp&ent
afthe ObMmingxntcrmcOpe ~*=-
terthetsrget ateachangular s&ting.At
each angle ~, the microscope shall b dh-
placed along ita horlxmtal axis by tho dk
tame f (X-toe Jl?)/ooe # away fram tie lens.
‘R& mfocuaing is not nemeaary if a fit field
bar is used. To obtain the value of distortion,

the lateral distance through which the mie
scope ahdl be displaced must be divided by
the coeine of ltheangle at which the distortion
b being meaaured. Becauae of inmmmwies
W-@ ~ - oPt@ benche% it ia deair-
abletomake eachm—nrwmen tatthe same
indicated angle On eaeh dde of the axis and
to areragw the h microscope readings &
tairiedbefore eompnting didortion.

5.1.2.165 Method 29 — “Gemm@eT meth-
odl’hiai eavbnalmetho dintandd foruae
with lames mounted in camara& An accu-
rately calibrated test object on glass, umal-
lyinthe form ofascale orgrid, ehall be
placed in the plane of best definition of the
lens to be ~ and illuminated in a diree-
tiontoward tbelenatobe-l%ie teet
object must be da$ pmprly centered, and
~~- to the optical axi8. Tlm hms
andiRuminated tedobjectah@ beplacedin
~goniometer aothattie axinaboutwhich
the angles axwmeamred ~ ~muh the
anti af the entrance pupil of the lens. The
tele8cope of the gonfometer shall be pointed
at eucceaaive points on the teat object and
the field anglw determined (The tekcope
shallno tberafocuae dduringthenm of
nmmmmenti) Fhnn the focal length of
thelana being tdadand theulihration of
tho ted obj~ the anglu subtended by the
vdouapointa ontheteat object can he
computed. Distortion then an be compntad
in~ofthe difteren ceinanglmon the
object aide and image aide; this distortion
inturncan heconverbd into the standard
fonm (See &L28.) By adjusting the focus
of thelakco~this method canbe ex-
panded to include some caaa in which the
Wobjectisiaspl ano cmWpOnding to
mme finite magniktiom Care should be
exemiaed to insure that the cone of Ught
from the H law ia included in the entrance
pupil of the Meecopa

5.LZ16.6 Method $0 — Ptvjeotion muth
d This method M intended @marily for
tig projection knses. A t& objeot dmi-

m
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ktotheoaeu etdinrnethodm - be
piaced in the object plane of the km to he
* md pmjmted onto a suitable ~
Measu~tuahaUbe madetithe PrOX
knage of the teat object The dietortioa shall
becompukdin -ofthetee: objeCkcare
ahouldbetie ntoinau.rethattie~ and
teat object are perpendicdar t Jthe optieai
axis of the km and that the t x3t objet is
flat and properly centered. The cone of light
mn the projection lamp shalJ compie@Y
11the projection km% and tl e tad object

9halJbe uniformly illuminated The sign of
distortion is reversed from theory on pro-
jection rhrough a lens and menaured a the
long conjugate.

5UJ6.7 Tangential dietortioa. Anyof the
six methods Ior measuring radid distortion
may be modided to meaaure tangential dis-
imtion by ooneidering the displacement of
Image pointi perpendicular to a radhs from
the center of the field. The magnitude of
tangentlal distortion varies from zero along
one diametOrto a maximum aiong an orien-
tation 90 degree8 to the diarnebr of zero
distortion. Therafore, when required, tan-
gential distortion shall be meamued for two
-al orientation cf the lens, and the orien-
tation f or mmcimum tangential diatortim
computed.

6.1217 P+wn effect. To meaeure the
pmsm efkt in terms of a thin equivalent
prism of vertex angle a, w is made of the
fact that oblique rays are deviated by the
prizm more th~ and in the dine dfrection
as, the axial ray. An assumption is made
that the axial ray makee only a small angle
with the normal to the surfaceof the prism
(orthepri8m may bea8mrmedtibein the
minimum deviation for the axial ray). Xf the
camera under ted ia used to photograph
three collimators or distant targe~ one
axial and the other two making angles +/3
and +3 with the ax@ the distances from
the Odegree image tothe+~bge and
from tbe Odegree Xtnthe~imagO

are different in the presence of a prism
atlectm difkrenceiem96ured On the .3 /
negative. Under the aauamptionamade the
analytical expression for this dl%emnee is:

A =f[tan(p +c)-tul(fl -c)
—2 tan..]

(26)
where f ie the equivalent focal length of the
lens, c is the deviation of the ray making
~ with the axia (within a cloee approxima-
tion the deviation ie the me for +/3 and
—~), and to = ,Q/2 ia the dwiation of the
axial ray. Tables for A can be eornputed for
various values of f, /3,and a. The measured
and tuhulahd wduea of A are comp~ and
the corresponding a is ewduzted.

5J.2J8 Sphwioal aberrathn.

5.12J8.I ~utti 81 — Anzw/ t+ng w
Hart-n diek method. When ~pherfcal
aberration ie specided in terms of change in
focal poeition for zoms of different radii, a
Hartmam disk (a plate oovering a frvnt of
the lens vith holes at the dihrent zones)
or aperture cc i8htiJlg of open annular ringo
fl he placed mer the front of the lens and
PrOPWIYcentered Either ● photographic or
visual method of determining the difference
in focai poeitione for different zonez may be
used. Various modification of theee metb-
oda and Other rllOthOdS my hl$ C?IIlpl~Od,

such as a knife tat or interf*umetric
method. When measuring spherical aberxe-
tion for an object at indnity, the target
which ia imaged by the teat lens may be
piacedinacdknato roradiatance at lead
25times the fooallen@h of theler!sto b

5.LZJ82 Jfetkn4 $Z — Stopped+ertwe
nwthod. When 8pherical aberration ie sped- .
fiedinterrne of thediiYermwe betun3enthe
kt focus at maximum aperture and at a
designated reduced apertur~ a nodal slide
optical bench or an autocolkmtion method
may he used to ~e the dif?ereuoe in
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