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I. SCOPE

{.! Purpose. This standard is issued to describe o generol method of describing filters
according to construction type, opticol quolity, ond intended use, ond to estgblish unifom
definitions, general requirements {which includes the military filter designation system),
detoiled requitements, ond test methods for filters used in military photogrophic work.

1.2 Clessifizotion. This standord coverns photographic light filters clesified as to the
moterial fram which they ore constructed (type); e to optical quality (grode); and a3 to
intended use (closs).

1.2.1 Type. Filters ore typed occording to the moterial from which they are constructed.

Type | - Polymer sheet or film,
Type 1l = Polymer layer soundwiched between two sheets of glass.

Type i1l - Solid gless.
Type IV - Materiols other than thase used for types 1, 1l, ond 11,

O 1.2.2 Grade. Filters gre groded cccording to optical quality.

Grode B - High opticol quolity - to be used in the poth of imege-forming rays.
Grode C - Lower opticol quality - not to be used in the path of imoge-forming rays.

1.2.3 Class. Filters are classed according to intended use.

Closs B ~ Usad with black and white film.
Class C - Used with color film.

Class P - Printing (color or biock and white).
Cloee 7 = |ighg gg!g;izi% {enlar or hlﬂﬁk gnd whhg ,thfg&fg'_ﬂhy)-

Closs S - Photogrophic sofelights.
Class ND - Neutral density to cut down light uniformly acros the spectrum
(color or black and white photography ).

2. REFERENCED DOCUMENTS

2.1 The following documents, of the issue in efiect on dote of invitotion for bids or
request for proposol, form o part of this stondard to the extent specified herein.

O
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MIL-STD-I30 - Identification Marking of U.S. Militory Property .
MIL~STD~150 = Photogrophic Lenses.

3. DEFINITIONS
3.1 Artificial doylight. Artificial illumination as used for photography, color matehing,

and colorimetry in which a light source is modified by means of filters to produce light
simuloting the combination of sunlight plus skylight.

3.2 Artificial light. Hlumination provided by incandescent, flourescent, or flame sources
as distinguished from natural light produced by solar radiation or self-luminous organisms.

3.3 Beauty defects. Beauty defects are those imperfections of components and elements
of an optical system which do not affeet the optical characteristics. They are undesirable but
may be accepted if they de not cause o significant degradation of image gquality or environ-

mental stability. The various imperfections classified as beauty defects are as follows.

3.3.] Material defects.

3.3.1.1 Bubbles. Bubblies are air or goseous inclusions entrapped within the filter.

3.3.1.1.2 Airbells. Airbells are irregularly shaped bubbles.
3.3.1.2 Cracks. Cracks are shallow separations or breaks in the glass filter.

3.3.1.3 Feathers. Feathers are powdered surfaces folded into the glass in the pressing
process. '

3.3.1.4 Folds, or laps. Folds, or laps, are areas in which the giass has been foided upon

itself but nof fused.

3.3.1.5 Milkiness. Milkiness is cloudy or milky areos within the filter,
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3.3.1.6 Stones. Stones are fragments of undissoived materia! in the filter.

3.3.1.7 Stroin. Stroin is tension within the filter coused by inadequate annealing or im-
proper mounting. The tension alters the index of refraction of the material and couses it to
become birefringent.

3.3.1.8 Sirice. Striae are strecks or veins in the filter with the index of refraction differ-
ing from that of the body of the filter.

3.3.1.8.1 Reams., Reoms are fine bands of strice.
3.3.1.8.2 Cords. Cords ara streaks of very heavy strice.

3.3.2 Maonufacturing defects.

3.3.2.1 Blisters. Blisters are bubbles in o cement layer.

T2 27 9% it

Ded.b.L LEmen ement starts

s. Cement starts are spots where the components of o cemented filter

e Componc!

have started To separate. They con be small irregular spots between the elements or run=ins
at the edge, insufficient cement, or cement ot the edge dissolved by a solvent.

3.3.2.2.! Run-ins. Run-ins are cement separations at the edge of o cemented filter.

3.3.2.3 Chips. Chips are areos from which the filter materiol has been broken owoy from
the surface, edge, or bevel of an optical element,

N B B B o P SURUR SO R PO
3.31.2.4 Cracks. Cracks are bracks in th

3.3.2.5 Digs. Digs are breaks of the polished surface of a round, oval, square, etc.,
shope including pits, holes, and surfoce broken bubbles.

3.3.2.5.) Dirt holes. Dirt holes are digs filled with rouge or other foreign material.

3.3.2.6 Dirt. Dirt consists of dust, lint, or other foreign matter cn the surfoce or
entrapped in ¢ cement layer.

3.3.2.7 Orenge peel. Orange peel is poorly polished surface, pock-marked with pits,
hoving much the same surface appearance as the skin of an orunge.
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3.3.2.8 Poor polish. Poor polish pertains to polished surfaces conteining minute pits of a

gray or red colar. They are gray grinding pits in the surface of the glass, or red grinding pits
in which rouge has been so deeply embedded that it has to be removed by further palishing.

3.3.2.9 Scratches, Scratches are furrows or grooves in the surface of the filter caused by
coarse grit, fragments of glass, sharp tools, etc., rubbed over the surface.

3.3.2.10 Smears, scum, water spots, etc. Smears, scum, water spots, etc., are residues
of evaporated or unevaporated moisture. They are usually removable from other than Type |
filters by "normal" cleaning.

3.3.2.11 Stain. Stain is o discoloration of the filter surfoce, usually brown, blue, or
green, caused by the deposit of foreign matter, or changes produced on the surface of the filter
by chemical action of some substance with the filter. [t is usuaiiy not removable by “normai*
_¢leaning.

3.4 Cement. An adhesive used to bond elements of Type |l filters together,

3.5 Chromaticity. The quality of color expressible by dominant wavelength and purity

tcken together,
3.6 Chromaticity coordinates. Proportions of standard components required for color match,
used as ordinate and abscissa to represent coler in a chromaticity diagram. .

3.7 Coating, anti-reflection. These coatings, known also as low reflecting films, are
ardinarily used for reducing the reflectance and increasing the transmittance of glass surfoces.

3.8 Collimator. An optical device for artificially creating o target at infinite distance
{(a beam of parallel rays of light) used in testing and adjusting certain optical instruments.
it usuaily consists of a converging lens and o target (a system of cross lines) ploced at the

[ oo afabn Voo
principal focus of the |

ETi5 .

3.9 Color. Characteristics of light other than spatial and temporal characteristics; light
being that aspect of radiant energy of which a human observer is aware through the visual
sensations which arise from the stimulotion of the retina of the eye.

3.10 Color bolance. The relationship between the three imoges composing a color negative
or positive which provides occurate (or, more generally, the desired) reproduction of the
natural colors.
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3.1l Color Compensoting Filter. A filter used to chonge the overoll color balonce of
photographic resulls obtoined with color films, and to compersate for deficiencies in the
quolity of the light when printing color films.

3.12 Color Contribution. The effect that an optical system has on changing the spectrol
charocteristics of the Tight flux entering the system is termed “color contribution.” This pro-
perty of on eplical system is specified and mecsured in terms of conventional spectrol trons-
mittance curves, wherein tronsmittonce in percent is plotted ogoinst ‘wavelength in millimicrons.

3.13 Color Specifications. Description of a color mode in such o woy that o color motich
for it moy be set up. This description may toke the form of o spectrophotometric curve, the
amounts (tristimulus values) of three defined colon required for the motch, or it may identify
o moterioi sampie having the coior intended.

3.14 Color Tamperature. The temperoture to which a blackbody rodictor must be raised 50
that the fight it emits may match o given light tource in color. Ususlly expressed in degrees
Kelvin (°K).

3.15 Coloronts. Substances used to modify the colors of cbiects. Dyes, pigments, points,
inks, and all decorative coatings are coloronts.

3.16 Colarimetric Calculation. Determination of color specifications by colevlation
from spectrophotometnc dota. :

3.17 Complementery Wovelength (of o cofor). Wevelength of the spectrum color which
must be mixed wifh the color fo produce o match for o standord reference source (such os
overege daylight).

3.18 Contrast Filter. An opticol filter used in photogrophy to increose the contrast
between one color and onother that would otherwise be reproduced as similar groy demsities.

3.19 Cyon. The preferred color nome for the minus-red ‘subtroctive primary in three-color
processes. Such a color hasa rejeétion band in the region of 600 to 700 millimicrons end
transmits {or reflects)light in the ronge of 400 to 600 millimicrons. Also called "blue, "
"blue~green, * "sky blue, " "turquoise."

3.20 Doylight. (1) Light consisting of o notural combination of sunlight and skylight.
(2) The color quality of ovesoge doylight is scid to match o blockbody at approximately
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3.21 Decomired. Related to mired by the expression
Mired Value
io

Decaomiraed Value =

3.22 Decamired System. A system of filters for color balancing ond film type conversion
used in color photography . Filter selection for o specific photograph is based on the color temp-
ergture of the light source and the color temperature resporse of the film being used,

3.23 Densify,.Opricol . Logorithm to the base |0 of the reciprocal of transmittance.

3.24 Deviation. The angle through which o ray of light is bent as it passes through o fiiter.

3.25 Dominent Wovelength (of o color). Wavelength of the spectrum color which must be
“ mixed with & stondord reference source (such as average daylight) to produce & match for the

color. Dominant wovelength correlotes approximately with the hue perceived by an observer

of normol eolor vision odapted to daylight, to belong to the color. '

3.26 Effective Density. The effective density of a filter is the density measured with
radiant energy extending over a finite wavelength region. Itisa function of the tronsmittance
of the filter, the sansitivity of the film, and the tronsmittance of o lens. }t moy also be o
function of the spectrol distribution of the illuminant.

3.27 Effective Tronsmittance. Effective tramsmittance { Teff) is related to effective
density (Daff) by the expression

Defr = -log)y Teft

3.28 Effective Wavelength. The effective wavelength of o light filter is the wavelength
used in rodiofion formulas fo calculate, at twe different temperatureso ratio of rediation
intensities equal to the rotio of the fuminosities of a blackbody observed or measured through
the light filter.

3.29 Emulsion, Color Sensitive. A black and white emulsion having, in addition to the
normol ulfraviclet, violet, and blue sensitivity of the silver halide, odded sensitivity to light
of the longer wavelengths conferred by treotment with sensitizing dyes. Emulsions optically
sensitized to yellow and green light ore called orthochromatic, These sensitized, in eddition,
to arange ond red light are called penchromatic.
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3.30 Emulision Loyer. In the onotomy of ¢ photogrephic film, the emulsion loyer is any
coating which contaim light sensitive moterials as distinguished from the backing, bose,
substratum, or filter loyers,

3.31 Fode-O-Meter. Trade nome for o stondord testing device simulating the effect of
sunlight fo determine the foding, yellowing, and other light oging chaorocteristics of o
materiol.

3.32 Film, Photographic, Color. Film used for the production of pictures in notural coloms.

.33 Film, Photographic, Infrared. Film cooted with an emulsicn especiclly sensitive
to infrored light,

3.34 Filter, Coler. An opticol element such o3 o sheet of glass, gelotin, or plestic,
dyed in @ spacific monner to selectively obsorb light of certain coles. Also colled ray filter
ond ray screen. Principal uses of color filters in photogrophy are to emphasize or subdue certain
colors ( controst filters), to improve the monochrome rendition of colored objects {correction
filters), ond to moke color separations, oll on block and white film.

3.35 Filter Foctor. The number of times exposure must be increased to compensate for
[ o e — 1
lignt obsorbed by o Hilter.

3.36 Filter, Photographic. A layer of glass, gelatin, or other moterial used to telectively
modify the trorsmitted light.

3.37 Filter, Neutro! Density. A filter not selective for o certain portion of the spectrum
but obsorbing all colors equolly, thus reducing the intersity of tronsmitted light without chang-
ing ity chromaticity.

3.36 Filter Ratio. 1in color photography, the ratio of the exposure times used when blue,
green, and red filters ore used to make color seporotion negotives. The exposure time through
the red filter is generally used os the basis for the ratio.

3.39 Filter, Polarizing. An opticol device which converts noturol or unpolarized light
into polarized light. It is used to control the brightness of the sky and reflections from specular
surfoces relative 1o the brightness of other ports of the scene.

A AN Erla
a.4U rFiwer, ut

visible light, or (2) absorbs visible light while transmi
latter is described os an v!tra-violer cut=-off filter.

tra-Viole:r. A light fi bsorks the ultro=violer but transmits

ting some region in the ultra-vicler. The

~1
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3.41 Filters, tricolor. The particular color filters used for exposure of separation
negatives in three~color photography .

3.42 Flux. A term used as an abbreviation for luminous flux or radiant flux.

3.42.1 Flux, luminous. The quantity that specifies the capacity of the radiont flux to
preduce the attribute of visual sensation known as brightness. Luminous flux is radiant flux
evaluated with respect to its fuminous efficiency of radiation. Unless otherwise stated,
luminous flux pertains to the standard photopic observer.

[l ]

3.42.2 Flux, radiant. Rediant energy transferred per unit time.

3.43 Homogeneity. The quality of a body in which the physical state of all minute

portions are the same.

3.44 llluminant C. A standard source defined by the Commission International de
I'Eclairage (CIE). This source is often used to simulate averoge daylight.

3.45 IHumination. (}) Synonymous with flux densify, stated in terms of units of luminous
flux i incident upun a unit area, If the ﬂux is glvun in !dl’liEﬁS and the arec in SQUGTe 'Fccl,
the illumination is measured in foot-candles. (2} The lighting arrangement effective on o
subject being photographed.

3.46 fnfrared, Pertains to or designates those rays which lie beyond the red end of the
visible specfrum (i.e., rays emitted by a hot body). Infrared rays are invisible and are
detected by their thermal, photoelectric, and photographic effects. Their wavelengths are
longer than those of visible light and shorter than those of radio waves,

U A7 lmtameiiny fliiemiamis) The enlid mmms lmr fligw dancibue af & 1ia
At J Ty Wi 132}

[ e llll‘:ll:ll’ L] 111G Wit lu ullsu.ul |IUI\ u:llal L= I 'U c
direction. Hence, it is the luminous flux, on a surface normal to rh rdirection, divided by
the solid angle (in steradians} which the surface subtends at the source of light.

3.48 Kelvin, degrees. Kelvin refers to measurement of the color of light in degrees.
Kelvin temperature (°K) is equal to Centigrade temperature plus 273,

3.49 Laminate. Material consisting of two or more layers pressed together, usuaily with
an adhesive,

3.50 Light. The aspect of radiant energy of which a human observer is aware through the
visual sensations which arise from the stimulation of the retina of the eye.




Downloaded from http://www.everyspec.com

MIL-STD-1278
20 October 1954
3.5 Light, polarized. Light in which the electric vector of the wave vibrates on one
plane rather than all planes as it does in erdinery (unpolorized) light, Light may become
polarized by reflection or by passing through optical devices or sheets known as "polerizers.”

3.52 Magenta. The color name for the minus—green subtractive primary used in three-
color processes. Such o color has an rejection band in the 500~ to 600~ millimicron range.
Is transmission (or reflection} is in the 400- to 500~ and 400~ to 700- millimicron range.

3.53 Military filter designation system (MFDS). This system is a three-item code referring
o usage, color, and tilter designation currently in common use. Each fiiter has a specific
code designation.,

3.54 Millimicron. A unit of length in the metric system equal to 0.00] micron. It is
equivalent to 10 angstroms and is now frequently colled nanometer (nm).

3.55 Mired. A controction for micro-reciprocal degrees. It is used as a convenient
alternative to the designation of coler quality by color temperature. Thus, a color temperature
of 3000°K may be expressed as 105/3000 mireds or 333.3 mireds.

3.56 Miced filter. A Rlter which roises or lowers the color remperature of a light source.
The mired value or mired shift value of o filter is given by (I/T)- I/T2) 105, where T) is the
color temperature in degrees Kelvin of the light source and T2 is the apparent coler temperature
in degrees Kelvin of the light source viewed through the filter,

3.57 Mired shift value. See mired filter,

3.58 Objective. In telescopes and microscopes, it is the optical component which receives
iight from the object and forms the first or primary image. The image thus formed is magnified
by use of an eyepiece.

3.59 Opticol oxis. The line formed by the coinciding principal axes of o series of optical
elements comprising an optical system; in other words, an imaginary line passing through the
centers of curvature of the opticol elements of a system.

3.50 Cpiical charaocteristics. Those properties =i g filter which cffect its cpticzl perform-
ance {(e.g., cberration, deviation, and resolution).

3.6] Parallelism. The absence of o finite angle between the front and rear optical surfaces
of the filter.
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3.62 Photicity. Photicity is a measure of the actinic effectiveness of an illuminant and can

be obtained as the product of the spectral sensitivity of the emulsion, the spectral energy dis-
tribution of an illuminant, and the spectral trensmittance distribution of en intervening absorber.

3.43 Photography, infrared. The rendering of images by the photographic action of infrared
rodiation on infrared sensitized films or plates, s distinguished from imagery produced by
thermal action of infrared radiction on thermal sensing devices.

3.64 Polariscope. A combination of polarizer and analyzer used to detect birefringence in
materials placed between them or to detect rotation in the plane of polarization caused by such
materials.

3.65 Polarizer. An optical device for converting unpolorized or notural light into polarized
light.

3.66 Resolution chart. A carefully prepared card with verfical and horizontal lines in-
scribed af various spacings. It is used to test the resolving power of an optical system.

3.47 Resolving power. The degree to which an optical system is able to define the details
of an image. This is expressad as the maximum number of black lines, with equal white inter-
spoces per millimeter, discernible in the image.

3.68 Reticle. A scale, indicator, or pattern placed in one of the focal planes of an optical
instrument so that it appears to the observer to be superimposed upon the field of view. Reticles
are used to determine the center of the field or to assist in gaging distance, determining leads,
or measurements.,

3.69 Sofelight. A darkroom light source shielded by filters which pass anly such parts of
the spectrum that will not expose or fog sensitized :materials within time limits dictated by
practical consideration.

3.70 Saturation. The degree of purity of color or freedom from dilution by black or white.
3.7l Selected ordincte method. MNumerical integration using unequal intervals of integra-

tion varigble, so as to eliminate multiplications in determinaticn of contribution of each
interval.

3.72 Sensitivity. The degree to which an emulsion reacts by the formation of a image

under given exposure conditions, especially as this relates to exposure by different wavelengths
(colors) of light.

3.73 Skylight. Light from the sun which reaches the observer indirectly by scattering and
reflection in the upper air.
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3.74 Spectrol. Pertgirs to the electromognetic spectrum; i.e., o quontity measured with
respect 1o o nafrow wavelength interval, as spectral tronsmittance or spectrol reflectonce .

3.75 Spectral Sensitivity. The response of o sensitized moterial to rodiant energy in o
narrow wavelengfh interval, often expressed e the reciprocal of the exposure required to pro-
duce ¢ given density under specified conditions.

3.76 Spectrol Sensitivity Distribution. The spectrel sensitivity for various wovelengths,
usuolly disployed o o smooth curve of sensitivity vs. wavelergth.

3.77 Spectrophotometer. An instrument which meesures the reflectonce or tronsmittonce of
a somple To monochromatic light whose wovelength con be veried progressively over some speci-
fied range.

3.78 Spectrum. (I} A pottern formed by radiation when it is angulorly dispersed by refraction ar
diffroction, or o band or series of juxtoposed imeges of o line=source of rodiont energy produced
upon o screen by refraction or diffraction of the rodiont energy ot engles depending upen the
wavelength. When the ronge of wove length is confined to the limits persceptible by the eye,
the pottern will 1ake the form of o bonk of light with progressively varying color ranging from
red ot one end to violet at the other. If the rodiotion orises in an incondescent solid, oll wove-
lengths of light are ‘present’ and the spectrum will be continuous. I it arises in on incondescent
gos, certoin wovelengths will be absent and the spectrum will consist of o number of bright lines
with dark spoces between them, ecch line having o different color from ol the others. (2) The
word “spectrum” is often used to designate some ronge of wovelengths of eleciromagnetic
rodiotion, such os “the visible spectrum,® “the ultroviolet spectrum,” atc. (3) Analogously,
the term "spectrum" moy be used to designate o renge of sound frequencies or wavelengths.

3.79 Spectrum Locus. A curve connecting points in chromaticity dicgram thot represent
various wavelengths of the spectrum.

3.80 Speculor. Like o mirror, reflecting in o regular manner so that cieor images may be
formed, non-gdiffusing. The meaning is extended to include regular (non-diffusing) trensmission
os well as reflection, e.g., speculor density os contrasted to diffuse density .

3.8! Sunlight. Light reaching the cbserver directly from the sun. Such light may be oltered
by obsorption in pessing through the earth's otmosphere but it must not include light reaching
the observer indirectly by refraction (e.g. roinbow) or by reflection. Washingten, D.C.,
mean neon sunlight hes @ color temperature in the neighborhood ¢f 5,600 degrees Kelvin. Dis-
tinguished from: Skylight, Daylight.
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31.82 Transmittance. The motio of the flux tronsmitted by an object to the incident flux.
This term ond i1s speciolizations are opplied to radient and luminous flux. Unless qualified,
the term applies to regulor (specular) transmission.

pectral. Tronsmittance evaluoted over o norrow wavelength intervel.

3.84 Ultrgviolet. Those rays which lie just beyond the violet end of the visible spectrum.
Ultraviolet wave.‘engths are comparatively short {about 100 to 390 millimicrons).

3.85 Visible Spectrum. The portion of the electromagnetic spectrum to which the
reting is sersitive ond by which we see. Extends from obout 400 to about 750 millimicrons in
wavelength of the radiation.

*3.86 Wavelength Centroid. Alternative nome for spectra
overage wavelength, weighted by fronsmittance.

4. GENERAL REQUIREMENTS

4.1 Military Filter Designotion System. The Military Filter Designotion System (MFDS)
consists of o three-item code referring to usage, color, ond filter designation in common
use

4.1.1 ttem One {Usage). Item One in the MFDS code is a class letter which designates
the Closs of the filter, os follows:

Closs letter Filter use
B For comerg use with block ond white film
C For comero use with color film
P In printing processes
A Polarizing filter
S Safelight filter
ND Neutrol density filter

4.1.2 Iltem Two {Colar). ltem Two in the MFDS code is o coler number which indicaotes
the color of the fiiter. Ine color number is based upon the lecaticn of the demirgnt wove-
length of the filter within the spectrum bond, os follows:




O
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Color Spectrum band
Number Color (Wovelength in Millimicrons)

0 Ultroviolet 360-399

I Blue 400-484

2 Yellow 360-589

3 Green 495-559

4 Maogenta 490-570 complementary
5 Red 590-699

6 Cyon 485-494

7 Infrored 700 ond obove

4.1.2.1 Dominont wovelength. The dominont wavelength of o filter is determined
with the use of o chromaticity diogrom.

4.1.2.1.1 Chromagticity diegram. The chrometicity diogram is constructed by plotting
volues of x horizonrally, increesing towards the right, end plotting vclues of y vertically,
increosing upward according to the some linear scale os x .

4.1.2.1.1.1 The volues of the x ond y coordinates for cartoin.wovelengths of the
spectrum ore given in Tgble |, They form the spectrum locus where these points gre con-
nected by o smooth curve.
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Trichromatic Coordinates of the Spectrum
Wave- Wove =
length length
{mp) x y z {mp) x Y z
380 0.1741 0.0050 0.820%9 580 0.5125 0.4866 0.0009
385 0.1740 C.0050 0.8210 585 0.5448 0.4544 0.0008
390 0.1738 0.0049 0.8213 590 0.5752 0.4242 0.0006
395 0.1734 0.0049 0.8215 595 0.6029 0.3965 0.0005
400 0.i733 {.0048 0.821% 600 0.6270 0.3725 0.0005
405 0.1720 0.0048 0.8222 605 0.4482 0.3514 0. 0004
410 0.17256 0.0048 0.8226 610 D.464658 (.3340 0.0002
415 0.1721 0.0048 0.8231 415 0.680I 0.3197 0.0002
420 0.1714 0.0051 0.8235 420 0.6%915 0.3083 0.0002
425 0.1703 0.0038 0.8239 425 0.7006 0.2993 0.0001
430 0.1689 0.0069 0.8242 530 0.7079 0.2920 0. 000l
435 0.166%9 0.0084 0.8245 635 0.7140 0.2859 0.0001
440 0.1644 0.0109 0.8247 640 0.7190 0.2809 0.0G0!
445 0.t6ll 0.0138 0.825] 645 0.7230 0.277C 0. 0000
430 0.1546 0.0177 0.8257 650 0.7260 0.2740 0.0000
455 0.1510 0.0227 0.8263 655 0.7283 0.2717 0.0000
440 0.1440 0.0297 0.8263 660 0.7300 £.2700 G.0C0C
445 0.1355 0.399 0.8244 665 0.7311 0.2689 0.0000
470 0.124| 0.0578 Q.818l 670 0.7320 0.2680 0.0000
473 0.10%9s 0.08548 0.8034 475 0.7327 0.267 0.CC0C
480 0.0%i3 0.1327 0.7760 &80 0.7334 0.20666 0. 0000
485 0.0587 0.2007 0.73058 685 0.7340 0.2660 0. 0000
490 0.0454 0.2950 0.65%96 690 0.7344 0.2854 0.0coc
495 0.0235 0.4127 0.5638 695 0.7346 0.2654 0.C0C0o
500 0.0082 0.5384 0.4534 700 0.7347 0.2653 0.C0o0C
505 0.0039 0.4548 0.34i13 705 0.7347 0.2653 0.coce
510 0.0139 0.7502 0.2359 710 0.7347 0.2653 0.0000
515 0.0389 0.8120 0.1491 715 0.7347 0.2653 0.G000
520 0.0743 0.8338 0.0919 720 0.7347 0.2653 0.G0o00
528 0.1142 0.8262 0.059 725 0.7347 D.2653 “0,000C
220 0.1547 0.30=59 0,025 720 £.7347 £.2:53 0.%0ce
5358 0.1929 0.781% ¢.0255 735 0,7347 0.2453 0.0cCe
£40 0.2295 0.7543 .06l 740 0.7347 0.2653 0.0000
545 0.2658 0.7243 0.C099 745 0.7347 0.2653 0.¢C00
550 C.3015 0.6923 0.0Csi 750 0.7347 0.2653 0.00C0
555 0.3373 0.4589 0.0038 755 0.7347 0.2653 0.C0o0Q
560 £.3731 0.6245 0.0024 760 0.7347 0.2653 0.000C
545 0.4087 0.58% 0.0017 765 0.7347 0.2653 0.0000
570 C.424] C.5347 Q.00 77C 0.7347 0.2653 0.6C0C
575 0.4788B 0.5202 0.0010 775 0.7347 0.24653 0. 0000
- 780 0.7347 0.2633 0.0600

fAmericen Standard Z58.7.2-1951.




Downloaded from http://www.everyspec.com -

MIL-STD-1278
20 Oczober 1663
4.1.2.1.2 Determingtion of the chromgticity coordinates of the filter by the selected ordinates
method. "Selected ordinates” refers to the ordinates of the transmission versus wavelength curve
of the filter that has been selected for performing o simple integration, which is required for
finding the chromaticity coordinates. Thirty wavelengths are used for ecch integration. They
are listed in Table ii. The transmittance vaiues at these waveliengths are measured, or read
from o curve based on measurements at other wavelengths. The average of all values for the
wavelengths listed under X' is multiplied by 0.9804 and called X. The overoge of the Y'
column is used without modification, and colled Y. The overage of the Z* column is multiplied
by 1.1810 and called Z.

4.1.2.1,2,1 The chromeaticity coordinates, i.e., the coordinates en the chromaticity diagrem
that represent the test filter, are found by the use of the formulas:

X Y

XEXIVYsZ YTXFY L

4.1.2.1.2.2 The coordinates of Standard Source C on the chromaticity diagram ore given as
x = 0,310! and y = 0.3163.

4.1.2.1.2.3 The dominant wavelength of the test filter is determined by o line drawn from
the point on the chromaticity diagram representing Standard Source C, through the point on the
diagram representing the test filter, and extending to the curve of the spectrum locus defined
by Table 1. The exact volue of the dominant wavelength can then be found by interpolation.

4.1.2.1.3 Complementary wavelength. Where the line extended from the coordinates of
Stendard Scurce C througn the test filter point does not interzept the curve of the spectrum
locus, reverse the direction of the line so as to intercept the spectrum locus. This intercept
point is the complementary wavelength. A complementary wavelength is that wavelength inter-
polated on the spectrum locus for the intersection of that curve with the straight line drawn from
the point xy, representing the sample through the point x, = 0.310l, y_ = 0.3!63 representing
the standard quelity of illumingtion, and extending to the spectrum locus.

4.1,2.2 Waovelength centroid. For those filters which have tronsmission bonds beyond the
visible spectrum, the wavelength centroid or spectral centroid may be emnloyed in place of
the dominant wavelength, The spectrci centroid of a filter is the averoge wavelengih transmiited
by the filter ang is compured by weigniing eocch woveiengrh by tne iransmirtance of rhe fiiter,
The spectral centroid may be evaluated using the fellowing formula:

;Lced=—f‘=,¢_%‘*—
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Table H2
Selected Ordinates for Stondard Source, C
Ordinate X! Y! L Z'
Numbe r (mp} (my) {rp)
| 424 .4 465.9 414 .1
2 435.5 489.4 422 .2
3 443.9 500.4 426.3
4 452.1 508.7 429 .4
5 441.2 515.1 432.0
é 474.0 520.4 434 .3
7 531.2 525.4 436.5
8 544.3 529.8 438.6
9 552.4 533.9 440.6
10 558.7 537.7 442.5
1 564.1 541.4 444 4
12 5468.9 544 .9 4446 .3
13 573.2 548.4 448.2
14 577.3 551.8 450.1
15 58(.3 555.1 452 .1
i6 585.0 558.5 454.0
7 588.7 561.9 455.9
18 592.4 565.3 457 .9
jo 5%6.0 568.9 459.9
20 599.6 572.5 452.0
2! 603.3 576.4 464 .1
22 607.0 580.5 ' 466.3
23 610.9 584.8 4468.7
24 615.0 589.6 471.4
25 5619.4 594.8 474 .3
25 624.2 600.8 477 .7
27 629.8 &07.7 481.8
28 8356.6 6l6.1 487 .2
29 645.9 627.3 495 .2
30 663.0 647 .4 51..2

2Arnericr.m Stonderd Z.58.7.2.
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where: )ctd is the wovelength centroid when the evaluation is corried out ot 10 mu intervels
or less.

A is the wavelength,
t is the tronsmittonce ot A.

4.1.3 Item Three (Filter designation in common use). Item Three in the MFDS code is ©
number (or number ard letter) which refers to the filter designotion in common commercial use.

4.1.3.1 Decomired filters. Item Three for decomired filters will consist of the letters DR
or DB (irdicating the respective pasitive or negative decomired values) followed by the deco-
mired value number. Where o commercial filter number exists, it appears in porenthesis ofter
the decomired value number, e.g., (8!), (BlA), (BIB), (BIC), (8ID), (BIEF), (B2), (824), (82B),
or (82C). Filter with decomired volues other than those of the 8l ond 82 series will have no
commerciol filter number.

4.1.4 Neutrol density filters. Neutrol density filters ore designoted by three items, a3
follows: Class letter = nominol filter density - filter facter,

4.1.4.1 Filter foctors for neutrol density filters are given by the number whose log is the
demsity volue. For example, for filter nomingl densities of 2.0 and .50, the filter foctors ore
100 ond 3.2, respectively.

4.1.5 Color compenssting and color printing fitters. The color compensoting and color
printing fillers are designoted by three items, os follows: Class letter - color number ~ com-
mercial color density.

4.1.6 Varigam and polycontrast printing filters. The military designations for the corres-
ponding commercial Filters are shown in Toble 111.
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Table 11|

Military Designations for Commercigl Varigom and
Poly controst Printing Filtars

Commerciol Nome MFD " Commercial Nome MFD
Varigem |, P=2-lv " Polycontrast | P-2-ip
Varigam 2 P-2-2v Polycontrast I-1/2 P~2-1.5p
Varigem 3 P-2;3V Polycontrest 2 P-4-2p
Varigam 4 P-2-4y Polycontrast 2-1/2 P-4-2.5p
Verigam 5 P-5-5v Polycontrest 3 P-4~3p
Vorigam 6 P~d-gv Polycontrast 3-1/2 P-4-3,5p
Varigam 7 P-4-7v Polycontrast 4 7 P-4-4p
Vorigam 8 P-4-8v
Varigam 9 P-i-ov

__ Vorigam 10 P-4-I0V

4.1.7 Exomples of Military filter designation system.

Closs Lettar (B) Black and white fiim photography (pora. 4.1.1)

Color Numbar (5) Red (para. 4.1.2)
/Com"'tercio! designation (para. 4.1.3)
/
B-5-25

Closs Letter (P) Printing

Color Number (1) Blue

Commercigl decignetion

/

P~1-058
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Class letter {C) Color film photogrophy

/Color rumber {2) Yeilow
rd

Decomired (See pere. 4.1.3.1)i.e. positive decomired value 4

/Comme reicl designation
/

C -2 -DR4-8ID

4.2 Morking of Filter Packages and Filters.

4.2.1 Filter packages. In oddition o any existing cammercici morkings, glf filler pockoges

]
sdo s
sholl be marked with the following information:

Military filter designation

Filter type

Filter grode

Filter size

Manufacturer's name

Method of mounting {should be specified as slip on, screw-on, bayonet, etc.)

™o on go

4.2.2 Morkings on filters. All markings shall be permenent, legible, ond in gccodonce
with MIL-STD-T30,

4.2.2.1 Type I filters. No markings are required on the filter. Filters may be marked

with the commerciol filter designation and/or the militery filter designation.

4.,2.2.2 Bonded Type Il and Type Uil filten. In oddition to ony existing commercial mark-

“ings, the military filter designation sholl be marked on the band.

4.2.2.3 Unbended Type Il ond Type }1I filters disks. No markings are required on these
filters.

4.2.2.4 Unbonded Type Il and Type 111 filter squares. in odditien to any existing commer~
cial markings, the military filter Gesipnation shall be marked on the filter. All markings shall
extend no more than 0.20 inch from the edge of the filter.

4.3 Filter Bands. Protective bands shall conform to the dimensional requirements specified
in 4.6. They shall not tornish during the coune of specified environmental tests.

19
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4.4 Mounting. The method by which the filter is fo be mounted sholl be specified. Some
filter bonds are threoded on the outside to pemmit them to threod into o lens hood or filter adopter.
Others are designed to be mounted by o sngp-on, or o bayonet-type mounting. Where mounting
is other than slip-on, the detoiled bend required shall be specified.

4.5 Reflection~Reducing Cootings. Reflection-reducing coatings ore not required on Type 1
ond Type (11 filters. Unless otherwise specified, filters will be occeptable with or without
reflection-reducing caoting.

4.6 Filter Dimensions. Unless otherwise specified the dimensions of the filters shall conform

to Figures | through 7 inclusive.
: = ‘

70/ N |
L

G

Filter Size A=-Qutside B C-Full Aperture
Designotion Digmeter Thickness {minimum)
Vv (13/16) 0.813 0.160 0.688
V (1-3/16) (.i88 0.170 062
vl {1-5/8) 1.625 0.190 1.500
vil 2) 2.000 0.210 |,B75
Vil (2-1/2) 2.500 0.220 2.375
IX 3-1/4) 3.240 0.220 3.125
Notes: | All gimensions are given in inches,

2. Toleronce on diometer A is £0.008 inch.

3. Toteronce on thickness B is = 0.010 inch.

Figure 1. Type 1} and Type Il Filter Disk (Banded).

20
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&D

e
Wl N

Filter Size A=-QOurside B D
Designation Diameter Thickness Beveled Edge
3/4 0.750 0.115
i i.000 0.5 This sholl be
1-1/4 1.250 0.130 of such o dimen-
1-1/2 1.500 0.130 sion thot:
1-3/4 1.750 0.130 20 = A-C =< 0.020
2 2.000 0.155
3 3.000 0.187
4 4.000 0.187
S 5.000 0.187
Notes: |. All dimensions ¢re giver in inches.
2. Toierance on diomerer A is v -0.0i6 incn.
3. Tolerance on thickness B is +0.010 inch,

-

Figure 2. Type i} Filter Disk (Unbended).
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- — " ——] |~—

Filter Size A-Outside B D

Designation Diameter Thickness Beveled Edge

{millimeters) -
19.0 0.748 0.040 to 0.200
21.5 0.846 0.040 to 0,200 This shall be
25.0 0.984 0.040t0 0.200 of such o
26.5 1.043 0.040 to 0.200 dimersion that
3.5 1.240 0.040 o 0.200 2D = A-C==0.020
3.0 1.299 0.040 io0 0.200
39.0 1.535 0.040 to 0.200

Notes: 1. All dimensions aore given in inches unless otherwise noted,

28]

. Toleronce on dicmeter A is +0 ~0.0l6 inch.
3. Thickness B is based on the glass charocteristics and color specifications.
Nominal thickness should be os indicoted if possible,

Figure 3. Type lll Filier Disk (Unbanded).
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}D

N ;
[ f I
N
3
R
N ¢
N
N
N/
e 5 - t' A —s
Filter Size A B D
Designotion Width Thickness Beveled Edge
2 2.000 0.183 This shall be of
3 3.000 0.183 such o dimension
L4 4.000 0.183 thet:
5 5.000 0.183 2D = A~C= 0.020

MNotes: 1. All dimersions ore given in inches,
2. Tolerance on width A is+0 =0.016 inch.

3. Tolerance on thickness B is £+ 0.010 inch.

Figure 4. Type Ul Filter Squore (Unbanded).
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d ™ f
A
C
1
Filter Size A B D
Designotion Width Thickness Beveled Edge
2 2.000 0.100 to 0.500 This shall be
3 3.000 0.100 to 0.500 of such o
4 4,000 0.100 to 0,500 dimension thaot:
5 5.000 0.100 to 0.500 2D = A-C=<0.020
Notes: |. All dimensions are given in inches

Tolerance on width A is +0 =0.016 inch.
Thickness B is based on the gloss charocteristics oand color specifizations.

Nominal thickness shouid be as indicated if possible .

Figure 5. Type lll Filter Square {(Unbanded).
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T
A
i B o A
Filter Size A B
Designotion Width Thickness
2 2.0C0 < 0.008
3 3.000 < 0.008
4 4,000 <0.008
5 5.000 <0.008
Notes: |. All dimensions ore given in inches.

2. Toleronee on width Ais +0 =0.070 inch.

Figure 4. Type | Filter, Polymer Film.

25



Downloaded from http://www.everyspec.com

MIL-STD-1278

SEZ NQTE 2
20 Octonar "_966‘—-—"/"35 \
r---ﬂ .---1 |
L IR
f a )
|
f _/J
A D I
. A\,
2
s B L. e A e .
B D R
Filter Size A Thicknass Diometer Radius of Curva-
Cesignation Width {mox) {min.) ture {max.)
2 2.50+.0l C.250 2.000 1.000
Notes: |, All dimensions are given in inches.

2. A protrusion from one edge is permissible. It may extend from any port of
the filter edge.

Figure 7. Type | Filter, bonded Polymer Sheet.
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5. DETAIL REQUIREMENTS

5.1 Methods of Test ond Mecsurement. This section decls with methods of testing ord
measuring properties reloted to photographic light filters. When this stondard is used in
reference to the procurement of phorographic light filters, anly these tests specifically
designeted sholl be used in the examingtion of the product. The procurement shall olso
clearly state which tests apply to t00 percent imspection and which tests are to be used
only for the exomination of samples.

5.2 Meosurement of Spectral Transmirtonce.

5.2.1 TJest conditions. The following conditions sholl cpply to the meosurement of
the spectre! transmittance of filters:

(o) Filter transmittonce sholl be measured ot wavelengths between 360 mp ond
700 mu unless otherwise specified.

{b) The filter shall be perpendicular to the light beam berween the monochromotor
and the photo detector.

(¢) The nominal spectral bandwidth of the spectrophotometer shall be no greoter
then 10 mp within the spectrum from 360 mu to 700 mu.

(d) The nominal wovelength for ony setting of the monochromator sholl be within
0.50 my of the spectrol centroid of the tronsmitted bond a3 evaluated by the rodigtion
detector used in the spectrophotometer.

{e) The photometric scole of spectrol tronsmittonce sholl be otcurote to within
0.C05 of full scole.

5.2.2 Method |, spectrum subdivision. For the purposes herein described, the spectrum
shol! be divided into tour subdivisions, os follows:

Ulirevicier - ifrom 360 mp 10 400 mp
Blue -~ from 400 my to 5C0 np
Green - from 500 mp to 600 mu

Red - from 600 mp to 700 nw
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The averaged transmittance for any subdivision sholl be derived by avercging the tronsmit-
tonce values to 10 mu intervals throughout thet subdivision, By this method, the overoged
value in the ultreviolet segment is equal to:

/4 I_ i+ f2) « (fa+"3) 4 (3 + ') & (M4 ,5)]

where: ty is transmittance at wavelength 360 mp
to is transmittance ot wavelength 370
t3 is tronsmittance ot wovelength 380 my
t4 is tronsmittance of wave length3920
t5 is tronsmittance ot wavelength 400 mu

5.2.3 Method ll, spectrol centroid. Where the wavelength of the spectrgl centroid
(A.c) is specified, it shall be determined by the summation ot !0 mu intervals,

= ZAt
)sc E"‘r

where: 5 _ is the waovelength of the spectral centroid when the evaluation is corried out
ot intervals of 10 my- or less.
A is the wovelength .
t is the itronsmittones at wgye!ength 2.
5.2.4 Method I, infrared filter tronsmittance. The spectrum from 700 to 1000 milli-
microns is subdivided into divisions of [00 millimicrons. The overoge transmittance within
o subdivision is determined by:

= |/2 I:I/ZtI oty 4+ |/2r3:]

where: tj s the rronsmittance of the beginning of the spectrum subdivision.
to is the trorsmittance ot the middle of the spectrum subdivision.

ta is the rransmiitance ar rhe end of ihe subdivision.
Ty is the averoge transmittance of the specrrum subdivision.
For exomple, in determining the averoge transmittance for the subdivision from 700 to 800 mu,

Y shall be the transmittance at 700 mu, to the transmittance ot 75C mp, and t3 the frans-
mittance at 800 s .

5.2.5 Method IV, snalvsis of light &

-~ o D TL o = PR
[ s -v ;.uuw 1V, unuly:l: Ul g Wi

er ||On§m|||ance 1neg P Ull!—l'y U' eagc
emulsion layer of the Average Color Film i defermlned for the spectral energy distribution
which is desired (the reference distribution). For example, for the C-2-85 filter, the refer-

ence distribution is that of daylight. These reference r::hoa‘u:me' are then normalized to an
assigned value of 100 for the green sensitive emulsion fayer photicity .
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5.2.5.1 Colculation of reference photicity values. The reference photicity values
are coleculoted as follows:

wheare:

Notes:

Pg = 257\59{1.
P! = ZE\:S‘i.\
r ArAd A

Ex. is the desired relative spectral energy ot wavelength A,
t'y. is the tronsmittance of the avercge photogrephic lens ot wavelength A.

Spa i3 the sensitivity of the blue sensitive loyer of the Average Color Film
ot wavelength A,

ng it the sensitivity of the green sensitive loyer of the Averoge Co
ot wovelength A,

S, a 08 the sensitivity of the gverage red sensitive color film loyer.

P'p. P'gs P’ are the respective photicities of the blue, green, ond red
sensitive loyers of the Averoge Color Film .

{. Summotions gre to be carried aut gt 10 millimicron intervols,

2. The relative sermsitivity volues forithe three laoyers of the Averoge Color
Film gre given in Table IV.

3. The tronsmittonce of the edepted photographic lems is given in Table V.

........ eud

4. The approprigte desired spactrgl energy distribution {reference distribution)
for the filter being evalucted is listed below ond the distribution dota
given in the column of Tgble V| indicated below.
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Filters Source description Table VI, ¢olumn
C-1-808 Day light 2
C-1-30C Doy light 2
C-2-85 Photoflood (3450°K) 4
C-2-858 3200°K 3
C-2-85C 3800°K 5

5.2.5.1.1 The photicities of the three loyers of the Average Color Film are detemined
for the spectral energy distribution which is tc be oltered (for C-2-85, this is 3450°K lemp)
with the tronsmittonce of the filter applied to the colculation.

5.2.5.1.2 The photicity values for the Avercge Color Film exposed through the filter
being evaluated and the source being "balanced" is determined as follows:

Phb = 2E, Spafata

P, = EE%Sg,f'x’x

P = JE, LIRS RN

where: E, is the relative energy ot wavelength A of the source being balanced.
t'5 it the tronsmittance of the odopied photogrephic lens ot wovelength A .
to_is the transmittance of the light balancing filter ot wavelength 2.

Spas O ! 5 ., are the respective sensitivities of the blue, green, and
red sersitive emulsion layers of the Averoge Color Film.

Pb’ Pg, Pr are the respective photicities of the blue, green, ond red

sensitive loyers of the Averoge Color Film.
Notes: I. Summations ore to be carried out at |0 millimieron intervals.

2. The relative sensitivity values for the three loyers of the Averoge Color
Film are given in Table V.
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3. The transmittance of the edoptec photographic lens is given in Table V.

4. The appropriate spectral energy distribution for the filter being evaluated
is listed below and referenced to Table VI,

Fitters Source description Reference Table V1, column

C-1-808 Photoflood (345°K)
C-i-80C  3800°K
C-2-85 Daylight
C-2-858 Daylight
C-2-85C  Daylight

oS BRSNS JEE, -

5.2.5.1.3 The photicity values are normatized by assigning P’ o value of [00 and multiply~
ing P'_ and P’y each by iGG/’P’g. P, is given a normaiized vaive of i00 and P_and P each are
multiplied by |00/Pg.

5.2.5 Method V, anolysis of mired filters transmittance,

5.2.6.1 At 10 millimicron intervals, from 360 mu to 700 mu, the relotive spectral densities
of o reference filter of the same mired shifr value assigned to the real filter is colculated with

the formulo: oo 6.245 (|0-3 (M)
- A
~here: D is the density at wavelength

Ais the wavelength in microns
M is the mired shift value

The relative spectral density data are converted to special transmittances.

5.2.6.2 A negative value for M in the formula specified in 5.2.6.1 will produce negotive
density values for D. To normalize so that ail values of densities are positive, add a quantity
D' to each D such thot the D which greatest negotively is reduced to zero and the other vglyes .3
of D ore consequently positive quantities. The formulo then applying is D, =D+ D' s —_—
~ D' where D, is the normalized density. The relative soectroi tronsmittence data are then used
to determine the effective transmittances of the reference filter weighted by the sensitivity of the

Average Color Film, as follows:

3l
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T'b..—.. = Sb.lt'lf“k
Zoba ta
Pe T Saatat
Ssgh";\_
T'r= Esf_k?'l'“;\_
55 A

where:

T'y is the effective transmittonce of the reference filter with respect to
the blue sensitive layer.

T'g is the effective transmittance of the reference filter with respect to the
green sensitive layer..

T', is the effective transmittance of the reference filter with respect to the
red sensitive layer.

Si,ads the sensitivity of the overoge color film blue sensitive layer as
listed in Table V.

o

S.. 18 the sensitivity of the overoge color film green sensitive loyer as
ﬁsfed in Toble V.

Scals the sensitivity of the overage color film red sensitive loyer os
listed in Table V. :

t'a. is the trarsmitiance of the adopted lens as indicoted in Table VI,

t"._ is the transmittonce of the reference filter.

5.2.6.3 T'y, T, , ond 7', ore converted to density volues and the neutrel density
component is subtrocted to give the color contribution. For example:

Blue Green Red
T 75 .85 .9
D i2 .07 .05
Color contribution .07 .02 .00

,
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Table V
Adopted Lens Troansmittance
Woavelength Adopted lens

mu transmittance

{Cal 1) (Coil 3)
340 0.425
370 0.600
380 0.720
-390 0.800
400 0.855
410 0.895
420 0.925
430 0.945
440 0.956
450 0.964
460 0.948
. 470 0.971
480 0.975
490 0.977
500 0.980
510 0.983
520 0.985
330 0.987
-540 0.98¢9
550 0.990
560 0.992
570 0.9%94
580 0,99
590 0.998
600 1.000
610 1.000
620 1.000
630 |.000
640 [.Q00
650 1.000
660 1.000
670 1.000
G6E0 1.000
560 {.000
700 1”000
710 1.000
720 [.000

(¥
=




Downloaded from http://www.everyspec.com

MiL-STD-1278
29 October 1966
Toble Vi
Re lotive Spectrol-Energy Distribution of Several Light Sources
Doy light
Tay lor-Kerr
Distribution; 3, 200-K 3,450-K
Wovetength Relative Relative Energy Relotive Energy 3,800-K
nr-v Energy Distribution ** Distribution®* Photoflaosh
_{Co 1) (Col 2) {Col 3) (Cot 4) (Col 5)
360 46 10.55 1a.57 23
370 49+ 12.89 17 .37 26
380 53* 15.53 20.45 31
3%0 57* 18.47 23.79 37
400 65 21.70 27.38 42
410 79 25.23 31.20 47
420 87 29.03 35.23 52
430 89 33.10 © 39.46 57
440 Q4 37.42 43 .84 &0
450 102 41.96 48.36 64
460 108 46.71 52.99 66
470 i0oy 51.44 57.71 68
480 109 5 .73 62.49 68
490 107 61.94 67.30 69
500 105 67.27 72.12 72
510 o] 72.67 76.92 76
520 Ic0 78.12 Bl1.6%9 80
530 99 83.6! 86.40 85
540 I 89.10 91.03 20
550 101 94 .57 95.57
560 [e]] 100.00 100.00 98
570 98 105.37 104 .31 104
580 95 110.67 108.48 104
590 92 115.87 112.50 06
600 90 120.95 116.37 108
410 90 125.92 120.08 109
620 88 130.74 123.62 10
4630 87 135.414 126 .98 99
640 as 139.93 130.16 97
650 83 144,28 133.47 95
660 83 148.45 135.99 3
670 83 I152.45 138.64 9l
680 83 156.26 141.10 20
6%0 8! 159.88 143.38 90
700 79 163.31 145.49 89
710 76" 166.55 147 .41 -
720 74" 169.60 149 .17 -

O

+ Extropoloted by use of other noturol rediction doto.

**Spectrol-energy Gistrioutions are relative to 100.00 ot 560 mp.
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5.2.6.4 The effective tronsmittance of the real decamired filter, weighied by the semsi~
tivity of the Averoge Color Film, is determined os follows:

Tp = 2 Spath t
= Spat

T, T S5nt'ata
=5gt A

T, = _ESnpt'ata
z_sr?\.'k.

where: Tj, is the effective transmittance of the real filter with respect to the blue
sensitive color film loyer.

Tg is the effective transmittance of the real filter with respect to the green
sensitive color film loyer.

T, is the effective transmittence of the reol filter with respect to the red

sensitive color film layer.

t is the transmittance of the real filter ot wavelength AL

Suais the sensitivity of the avercge color fiim biue sensitive layer c3

listed in Toble V.

Sqais the sensitivity of the averoge color film green sensitive layer as
listed in Table V.

Sy als the sensitivity of the everege color film red sensitive loyer os
listed in Table V.

5.2.6.5 Ty, Tg, ond T, agre converied to density values and the reutral density component
is subtracted to give the color contributivon gs in 5.2.6.3.

5.2.7 Method Vi, analysis of spectral trensmittance of color compensating and celor
printing filters.
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5.2.7.1 The effective transmittance of o color compensating filter is datermined as follows:
Tb = b2 t'a ta_
T Soat's
T Sgalx
Te= 5.t ¢
ZSrata

whera: Ty is the effective trorsmittance of the filter with respect to the blue
sensitive averoge color film loyer.

Tg is the effective trommittance of the filter with respect to the green
sensitive overage color film layer.

T, is the effective transmittance of the filter with respect to the red
sensitive overage color film layer.

t*a is the tronsmittonce of the agdopted lens as indicated in Teble IX.
t »_is the transmittance of the reol filter ot wavelength

Sp, A.is the sensitivity of the averoge color film blue semsitive loyer &
listed in Table V.

597\' is the sensitivity of the overage color film green sensitive loyer
os listed in Toble V.

S, 5 is the sensitivity of the overoge color film red sensitive loyer ;s
listed in Toble V.

5.2.7.2 Three efiective tronsmiirances are converted 10 the corresponding efiecrive den-
sities. The neutrol component commen to the three effective densities is thep subtroected for
eoch effective density (D') to give the following color contribution:

Blue Green Red
l .90 .B4 .62
D° .05 .08 1
Color contribution G.G0 v.03 0.6
a7
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5.3 Tests for Resolurion. Two methods of testing for resolution are used. Cne methed is
visval (telescopic) and the other method is photogrophic. In coses where the filter does not
transmit enough light for convenient visual observation, the photographic method must be used;
ultraviolet and infrared filters ore tested using g photographic method .

5.3.1 Criterion of resolution. In oll tests the resolution is determined by observation of o
pottem of lines. The criterion of resolution to be used by the observer is as follows: a pattern
is considered resolved if oll six of the lines of the pottern can be individually distinguished
ond counted.

5.3.1.1 When specifying or measuring resolution the following factors sholl be considered:
o. whether the visual (telescopic) or photographic method shall be used.
b. the illumingtion of the target.
c. 'fype of film ond the method of processing when film is used.
d. kind of telescope when one is used.
e. mognificotion at which the resolution patterns shall be reod.

5.3.1.2 For recding resclution, o mognification of the lowest power which permits con-
venient viewing will give the highest resolution readings. A useful cpproximaticn is thot the
numericol value of the magnification equals the number of linez per millimeter expected to be
resolved.

5.3.1.3 Vibretion, such os that caused by vehiculor troffic cutside the building, must be
domped to minimize its effect on o test. The telescope or comera, the filter under test, the
target, and the light source should be rigidly supported to prevent vibration. Unless so speci-
fied, the shutter of @ comero used in o resolution test will not be used to control exposure.
This will prevent vibrafion due to operation of the shutter,

5.3.2 Teet tamet,

5.3.2.1 The torget used for all resolution tests shall consist of tronsporent, clear lines on
on opaque background. The target shall have high contrast, with o density difference between
the transporent lines and the opoque background of ot leost 2.0. The torget shall consist of o
series of potterns decrecsing in size as the sixth root of two.” The ronge of patterns shall exceed
the resolution capabilities of the test system. A resolution element shall consist of two potterns
(two sets of lines) ot right angles to eoch other. Each pottern shall consist of three linet sep~
orated by spocses of equai width. Each line sholl be five times as long as it is wide.
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5.3.2,2 The USAF target of 1951" e designed occordin
poragraph 5.3.2.1. The target has ten groups. Each group has six elements. Eoch element
consists of three horizontal and three vertical lines. Each pattern on the target can be

identified by its group and element number.

indicntad in
noicorec in

*Available commercially from Buckbee-Mears and Co., St. Paul, Minn., or W, ond L. E.
Gurley, Inc., Troy, N.Y.

5.3.3 Method VI, visual (telescopic) resolution test,

5.3.3.] Equipment. The following equipment is required for this test:

5.3.3.1.1 A telescope with o focal length frem Il to 13 inches with an effective acperture
between 1.5 and 2 inches and an angular resolving power of less than five seconds. Means
should be provided to mount the test filter in front of the objective ond in a plane perpendic~
vler ro the opticol oxis of the telescope.

5.2.3.1.2 A source of white light to illuminate uniformly the test target from the reor.

5.3.3.1.3 A means of modulating the intensity of the illumination; i.e., diaphraam or
neutral density filters between the light source ond the target,

5.3.3.2 Procedure. The test is performed as follows:

5.3.3.2.4 Center the target on the optical axis of the ielescope in o plane perpendiculer
to the axis. The target should be ot such o distance thot at leost the ten laorgest targer ele-
menits shall be resolved, but severcl of the smallest elements shall be left unresclved.

5.3.3.2.2 tHuminate the target eveniy so that there are no hot spots, and establish o
convenient level of brightness,

5.3.3.2.3 With the filter holder on the telescope, sight through the telescope and focus
on the targat; identify the group and slement number of the smallest pattern that con be re-
solved. Increase the illumination and note the octtern recolved. Continue to increate the
illumination until there is no increase in resolution. Note the smallest element thot is
resolved. There should be no odditionel adjustment in focus during the test.
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5.3.3.2.4 Place the filter in the filter holder in front of the telescope objective. The
filter holder should allow anly light possing through the filter to enter the telescope. Increase
the illumingtion until no further chonge in illuminotion can effect on increase in resolution.
Note the smallest resolution element which con be resolved.

5.3.3.2.5 Note the number of resolution elements lost due to the presence of the filter.

3.3.4 Method VIl|, photogrophic resolution test.

5.3.4.1 Equipment. This test requires the following equipment:
5.3.4.1.1 A35mm camera with o 50mm focal length lens. The comere lens, when tested
. by Method [l or Method 12 of Mil-Std-I150A, shell have an on~axis resolving power of ot

iegst 120 lines per millimeter ot the lens apertures at which it is to be used for testing fiiters.

5.3.4.1.2 A filter adapter to hold the filter in front of the comero in o plone perpendic-
ular to the optizal axis and centered on it.

5.3.4.1.3 High contrast resolution target os indicated in 5.3.2.

5.3.4.1.4 An electronic photoflash unit rated ot 100 watt-seconds or mere and ocuxiliary
diophrogm or nevtral density filters which con be used to modulate exposure intensity .

5.3.4.1.5 A ponchromatic emulsion capeble of resolving 150 lines/millimeter should be
used to test filters which transmit rodiotion between 260 and 640 millimicrons. Filters which
trensmit only in the infrared should be tested with the infrared emulsion specified.

5.3.4.2 Procedure. The test sholl be performed os follows:

5.3.4.2.1 The camerg and test torget should be mounted firmly in ploce in such menner
50 os to elimingte the vibration of the camera due to any extraneous source.

5.3.4.2.2 The torget should be centered on the opticol axis of the comero in o picne
perpendicular to the axis ond of least 20 focal lengths eway from the comera.

5.3.4.2.3 Pl'Gv‘iiiGﬁ Shc'u'!d be |Gdl= I‘UI‘ ulu‘FGt'm I”uulinuliun L-llr Ih %G"g‘? fl"\;m -"".e regor
by the light source. A diophrogm or neutral density filter(s) placed between the light source
and the target should be used to modu iafe exposures (dependent upon the tramsmittance of the

test filters).
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5.3.4.2.4 Select on aperture of ot least f/4 for filters with a diameter of 1.5 inches or
greater. For filters with diameters less than 1.5 inches the rotio of filter diometer to the
effective diometer of the lens operture should be no greater than 3:1. The selected aperture
should not be altered during the test,

5.3.4.2.5 Use the rangefinder to focus the camera on th
photographs to determine the correct level of illumination.

5.3.4.2,6 Locate the target position of best focus. This is the distonce ot which the
highest resolution can be cbtained. It is found by changing the target position used in
5.3.4.2.5. The torget is moved through a series of equal positive and negative distance
increments (towards and away from the cameru). Exposures are made ot each distonce
setting. A plot of resolving power vs. distonce is made to determine the distonce interval
within which the position of best focus is located. The above procedure is repeated until
the resoluiion connot be incrensed by o change in target distance when the increment used
is I/4 the size of the smallest increment which effected a change in resolution.

5.3.4.2.7 Exposure time is controlled by the light source. All illuminotion and stray
light should be eliminated before moking an exposure. Then the shutter is opened, the
electronic flash fired, and the shutter closed.

5.3.4.2.8 A control exposure is made in the manner described above with the target
ot the position of best focus and best illumination; i.e., giving the highest resolving power.
The fiiter adapter, which wiil be used to hoid the test fiiter, shouid be mounted in position.

5.3.4.2.9 A test exposure is made in the same manner as the controi exposure except
thot a filter being tested is mounted over the lens in a plane perpendicular to the opticel
axis and with the filter center essentially at the optical axis. Exposure adjustment (to
compensate for filter density) should be with @ hght source diaphragm or neutral density
filters between the light source and the target.

5.3.4.2.10 A minimum of one control exposure should be made for every ten test ex-
posures.

5.3.4.2.il Deveiop riie tes: fiim accoreing 10 monuiaciurer’s instrucrions.

4|
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5.3.4.2.13 It is possible that the resclution with a filter may be greater than that obtained

without it. The lens may have a noticeable amount of lengitudinal chromatic cberration re-

sulting in color fringes in the selected focol plane. A filter transmitting a narrow region of
the spectrum may reduce the color fringes and thus increase resolution.

5.4 Tests for homogeneity, The homogeneity tests (shadowgraph and polariscope) may be
applied to all types filters when such tests are specified. Homogeneity refers to the uniformity
among crea elements of o filter. Poor distribution of colorant will show up in the shadow-
graph test by causing certain areas to appear darker than others. The presence of strice
(streaks or veins) will also be revealed. Unequally distributed stresses within a filter may be

due to improper annealing of the filter and poer meounting nping. Thes

observed in the polariscope test.

5.4.1 Method IX, shodowgraph test, This test is performed using a shadowgraph, which
includes g concentrated Tight source, consisting of a 2~watt concentrated arc lamp and an
asscciated power supply, a 20-inch by 20~inch ground glass screen (medium texture), and a
mzans of holding the filter between the light source and screen. The test shall be performed
in a darkened room so that the only illumination that folls on the screen is from the light
source vig the filter, Exomine the color projected on the screen for any irregularities or

lack of evenness

L p =2 ]

5.4.1.1 Set up the equipmant with the filter holder between the light source and the
screen with g distance of two meters between the arc and the screen. Place the filter normal
to the optical axis of the system in such o position that the image fills the screen.

5.4.1.2 The image of the filter should be inspected for a lack of homogeneiry; i.e., a
difference in color or transmittance over any area of the filter, not due o an air bell or on
inclusion. Inspection also shouid be made for delamination or cracks.

5.4.2 Method X, polariscope test. The polariscope consists of a light source and two
linear polarizers, The light source illuminates one polarizer. The second polarizer, parallel
to the First, is illuminated by light passing through the first. A filter to be tested for stress
is placed between the two polariscope polarizers in a position parallel to them. A filter
with no stresses will appeor uniformly light or dark. A filter with stresses will have light and
dark sracs or sivicfiens. Toere should Be no chonge in the transmission of the filter as it is
ratated nor should ony striations appear. The tronsmission of polarizing filters when so tested
will change with the angle of rotation of the filter, but no striations should appear.
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5.5 Method XI, Test for Devigtion. Deviction is measured by the ongle through which
o roy of light is detlected os it passes through o filter. Devigtion is due to wedging; i.e.,
the non-porollelism of the rwo surfaces of the filter. Accepteble deviotion limits cre reloted
to the size of filters with lorger limits permissible for lerger filten.

5.5.1 Equipment. The equipment required for this test is as follows:

5.5.1.1 A telescope with o dot or cross line reticle. The telescope shouid have on
cdgpter to hold the filter in front of the telescope objective in o plone perpendicular to the
opticol axis.

5.5.1.2 A taorget with two concentric circles ond o dot or crossline ot the center of the
circles. The rodius of the outer circle thould be !.5 times thot of the inner circle.
5.5.1.3 A light source to illuminote the target.

5.5.2 Procedure. Perform test os follows:

5.5.2.1 Pigce the target ot o distance from the telescope objective where the rogiius of
the inner circle subtends an ongle of five minutes. (The ratio of the rodius of the inner
circle to the distonce from the center of the target to the objective is 0.00145.)

5.5.2.2 Sight through the telescope ot the torget, and olign the system so tho: the cot
in the center of the target is superimposed on the junction of the herizontal ond vertical
lines of the telescope raticle.

n front of the telescope objective
c

A e cmeils Af
d ags g resuit o

5.6 Method Xll, Test for Actinic Rodiotion Stobility.

5.6.1 Equipment. The equipment required for the rodiction test is commerciolly ovoil-

—
chla. !t zzmzizz of the fellowing:

5.6.1.1 A corbon orc lomp surrounded by o No. 9200PX pyrex glass bulb. The arc is
to be run ot o current batween ! o 3 amoeres DC or 15 to 17 amperes AC (50 cos)
W WL W) Y Y LW WD YR e LE™ U"‘P“"-"a e N v laf IWF 3 F ul‘lrcla AV (WY ‘H"l
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5.6.1.2 A provision for holding the filter under test ot g distance of 10 inches from the
orc, ond copoble of rotating the filter around the arc ot o rote between two and four times
per minute. The filter under test shall be within =4 inches of o horizontal plone passing
through the arc.

5.6.1.3 A black panel with an ottached thermometer, capoble of being mounted in the
same position gs the fiiters under test. The block ponel shall be o sheet of metal opproxi-
metely 2-3/4 x 5-7/8 inches in size, with the sensitive portion of the stem of a bimetallic
digl-type thermometer mounted in the center. The pane! and the thermometer stem sholl
hove been sproyed with two coats of o boked non-reflecting light-resistont block enomel.
During the test, the black ponel shall be maintoined ot o temperature of 125 %5 degrees F,
viing the tempergture-control mechanism.

5.6.2 Calibrotion of equipment. The equipment shall be checked before use for possible
weor of the carbon arc, for deterioration of the black coating on the black panel, for clean-
liness of the pyrex gloss, and for prover operation of the temperature control mechanism. In
addition, the device sholl be calibrated using standard foding strips obtainoble from the
Motionol Bureou of Standards, Weshington 25, D.C. The strips are contained in o book, to-
gether with light-sensitive paper, and are colibrated by exposure to the Bureou's Master
Fading Lomp. Perform the colibrotion as follows:

5.6.2.1 Place the light=ersitive paper in the holder for the filter without ony backing,
ond expose it for 20 hours.

5.6.2.2 Remove the paoper and let it stond for two hours in the dark ot room temperature .

5.6.2.3 Cempore the poper with the stendord fading strips to determine the exposure
in Stondord Foding Hours required to dpplicote the foding of the test piece. In performing
the comporison, avoid soiling the surfoces of the strips being compared, ond place the strips
side by side, trimming off ony rough edges, if present. Use o doylight source or o fluorescent
lomp with a doylight color fér this comparison.

5.6.2.4 Derive a conversion foctor thot relates the number of hours of exposure to the
number of Stardard Feding Hours. Adiust the arc lamo to oroduce an opbroximete one-to-one
relotionship. The factor should not be higher than |.1 since this results in too high o foding
rate .

5.6.2.5 During the performance of the test, place severol pieces of the light-sensitive
pccer in the sample holders so thot the feding opeiation moy be monitored. During the test,
remave strips at vorious timer and compcre them with the standard fading strios using the method
indicated in 5.6.2.3. In thiz monner verify that the lomp is moinigining proper intensity
during the tesr.
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5.6.3 Procedure. Perform test as follows:

5.6.3.1 Ploce the filter under test in the holder. Position the black panel ond light
sensitive peper in sample holders.

5.6.3.2 Periorm the test for 24 Standord Feding Hours using the foding strips ond coli-
brotion procedure described in parogroph 5.6.2.

5.6.3.3 After the foding test, the filter sholl be tested in o spectrophotometer and the
transmission chorocreristics compared with those meosured prior 1o the test.

5.7 Temperoture ond Humidity Tests. After eoch environmental test described in poro-
grophs 5.7.1 through 5.7.1.3 (Type | filters)ond 5.7.2 through 5.7.2.3 (Type Il filters),
grode B filters shall be inspected to determine their complionce with resolution, deviotion,
ond homogeneity requirements. Filter bonds, when present, should not be cffected by the
tests. Filter spectrol tronsmittance sholl be within the specified requirements ofter environ-
mentol tests. Grode C filters sholl be irspected for homogeneity and deteriorotion ot the
filter edge. Filter spectrol transmittonce shall be within the specified requirements after
environmentgl tests.

5.7.1 Type |l filters. Unless otherwise specified, tests on Type | filters shall be performed
with the filters in their individual wrogping and packoging os delivered by the monufgcturer.
When testing without packoging is specified, filters in test chcmbers sholl be supported, ot
their edges, by non-corrossive metels or plesticz which are not offec:ed bytthe test cencitions.

5.7.1.1 Method X111, high-temperoture test. Test samples sholl be pleced within o test
chomber ot room tempercture. 1he temperoture sholl be roited to 120°F within o one-half to
two hour period. This tempergture shall be maintoined for six hours. The filters then shall be
ollowed to reach roem tempercture before inspection cs specified in 5.7. -

5.7.1.2 Method X1V, low-temperolure test. Filters shall be placed within the test chamber
at room tempergture. The temperoture shall be lowered to ~45°F. This temperature shall be
. P W S S

mointained for six hourz. The filters then sholl be aollowed to reach room tempercture before
incamctien o< specifiad in 5.7

5.7.1.3 Meathod XV, humidily test. The iest chomber shall be brought to o tempemture
of 94°F ond 86 percent relotive humidity. The test samples sholl then be ploced in the test
chomber. At legst five sides of each filter packoge sholl be in contoct with the atmosphere of
the test chamter. Tre filters sholl be mointoined ot 96°F and 86 percent relgtive humidity for
48 hours. The filters thex sholl be brought to room temperature ond humidity before imspection
os specified in 5.7,
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5.7.2 Type il and Type 111 filters. Tests on Type Il ond Type Il filters sholl be performed
with the filters in their individual packoges unless otherwise specified. In all tests, the fiiter
packoges shall be exposed ot least on five sides to the otmosphere of the test chamber. When
testing without pockeging is specified, the test filters sholl be supported ot their edges by non-
corrosive metals or o plostic which is not affected by the test conditions.

5.7.2.1 Method XVI, high-temperature test. Test somples shail be placed in the test
chember at room temperoture. The temperature should be raised to 160°F. This tempercture
sholl be maintoined for six hours. The samples then sholl be allowed to reach room temperature
before imspection as specified in 5.7.

5.7.2.2 Method XVI|, low-temperature test. The test samples shall be placed with the
test chomber ot room temperature. The temperature sholl be lowered to -653°F and this temr
perature maintained for six hours. The test scmples then shall be brought to room temperature
~before inspection as specified in 5.7.

5.7.2.3 Method XVIil, humidity test. The humidity chamber shall be brough! to a
temperoture of 145°F and 90 percent relative humidity. The tast samples shall then be placed
in the test chomber. At least five sides of each filter package shall be in contact with the
atmosphere of the test chamber. The filters shail be maintained at the specified conditions
for 48 hours. The filters then sholl be brought to room temperature before inspection as
tpacified in 5.7.

Custodians Preparing Activity
Army - EL Army ~EL
Ngvy - AS Coordination Method Code - €
Air Force - 70 Project No. 6760-0327

Review Activitiec

Navy - AS
Air Force - 70
Other = NS4

Usar Activities

Army = Ml, MO
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APPENDIX
10. REFERENCE MATERIAL
10.| General. The moterial covered in this appendix does not form o port of this stondard.
It is provided, primarily, to describe the applicotions of filters and os reference mate ral. A

reference list intended for use by those preporing specifications ond procurement documents is
olso provided.

0.2 App!ucghgn_ of Filters
10.2.) Genarol. This section describes the applications or design functions of photo-

graphic filters.

10.2.1.1 Two groups of filters may be distinguished by their design functions. There are
those filters which hove specific design functions, such os the C-1-BOB which is designed to
convert the spectral energy distribution of o photoflood lamp to thot of deylight. Ancther
group of filters have design functions which connot be rigidly defined because their use is
deperdent upon the chatographer's analysis of the subject ond his desired interpretation of
it. The B-2-6, which is designad to give more occurote rendition to outdoor photographs, is
typical of this group. Red and blue objects would photogroph os identicol greys if the products
of their spectral reflected intensity ond their emulsion spectrol sensitivity were equel. To
meke them distinguishable in the photograph, o photographer could use o yellow filter. This
would result in o photograph with lighter grey representing the red portion and o darker grey
representing the blue portion.

10.2.1.2 The choice between the opglications of filters such os B-2-6, B8-2-8, ond B-2-9,
which moy be described respectively as designed for partial correction outdoors, full correc-
tion evtdoors, ond moderate correction outdoors, is ultimately dependent upon the photographer's
anolysis of all aspects of the photogrohic scene, his ability to visuolize how the photographic
emulsion will reproduce the scene, and how different filters will modify thot reproduction ro
give him the desired result,

10.2.1.2 Theza Silten whese pregar ceplicstizn is datormined Sy the shetogrepher’s zugle-
ation of the photographic set, ore best described by their trommittance properties. These
filters ore used to enhonce the contrast of certain colors or to reduce their contrast. For
exomple, yellow stains on o document being copied con be eliminoted or their effect on con-
trast reduced by the use of o yellow filter. The general rule is thot to reduce the con-
trast of on object being photogrophed, use o filter which transmits the same coior and to
increcse its contrast, use o filter which absorbs the color of the objec:.
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10.2.1.4 The infermeticn which is presented here is intendad to sarve os o genaral guide
in the selection of the filter tronsmittence desired for o particular photographic situation.

10.2.2 Light scattering .

10.2.2.1 The photogrophic effect of light scattered due to otmospheric haze can be
greatly reduced by filters which obsorb in the short wovelength region of the photographic
spectrum. The scottering of light in the atmosphere is a function of the wavelength of the
lignt; the omount of scottering increcses with decreasing wovelengtn.

10.2.2.2 As the subject-to-comera distonce increases, the lignt scattering also increases
due to the grecter volume of haze between the subject ond comera.

_ 10.2.2.3 All filters used to reduce hoze should absorb in the ultroviolet. To eliminate

hoze, extremely distant scenes should be photographed through filters transmitting only
wavelenaths above 600 mu. As the distance between the photographer and the photogrephed
subject decreases, filters transmitting shorter wavelengths become suiteble.

10.2.3 Detoil in dork colored object. To enhance the detoil in @ dark colored object,
use g filter of the some color.

{0.2.4 Polorized light. Normal light may be assumed to consist of vibrations in oll
planes which are af right angles to the direction of propegetion. A polarizer transmits light
vibrating in only one plone ond cbsorks the other components of the light. 1t hes little or
no affect on the coior of the light.

10.2.4.1. When a rey of light which is prlarized is incident upon o polarizing filter, it
moy be tronsmitted, portially absorbed, or completely cbscrbed, depending on the angle of
rotation of the filter. This property of polarizing filters can be put to use in photography
wherever polarized light is encountered.

10.2.4.2 Polarized light isusually present in the glossy specular reflection from non-
metallic surfoces, water, snow, glass, etc. These objectional reflections can be subdued
or eliminoted bv the croper rotetion of o polorizing filier.

10.2.4.3 Skylight troveling ot right angles to the sun is polorized. Thus, the saturetion

of the blue color of the sky in color photogrophs can be veried with o polarizing filter, or
the sky darkened when photographing with both black and white, and color film.

48




O

Downloaded from http://www.everyspec.com

MIL-STD-i278
20 October 19

10.2.5 Correction of block and white photogrephs.

10.2.5.1 The humon eye is most semitive to radiotion in the vicinity of 555 mu. This is
shown graphically in Figure A. A ponchromatic emulsion whose temitivity curve duplicated

the luminosity curve of tho eye would interpret colors in densities as o function of their visvel
luminasity,

Lo 3
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Figure A . Luminosity Functions

10.2.5.2 This is usuolly whot is desired in the use of correction filters (B~2-8, 8-2~1l,
8-2-13). Panchromolic emulsions ore ordinarily too semsitive to ultraviolet ond blue, and
objects primarily reflecting this rediation will have too greot o relative luminosity in the
photogreph. Similarly, penchromatic emulsions moy hove too high o sensitivity to red light
ond some control in this region is desirable.

10.2.6 Sofelight filters. Sofelight filters should only be used in cccordonce with manu-
facturer’'s recommendorions. Toble A presents only o general statement of filter utility.

10.2.7 Peimary opplicotioms. Toble B presents a list of filters with their opplications.
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Table A

Scfelight Filters

Filte: No. . Applicotion

$-2-0A Contact printing and enlorging pepens.

$-2-0C High~speed enlarging papers, including Kodok
Polycontrast popers.

$-2-00 Flash exposure technique with Kodok Mogente Contact
Screens.

S-5-1 Blue-sensitive films and plotes, such as Kodak Commercial

film ond Kodok Lontern Slide Plates; Kodagraph Projec~-"
tion peper; ond Kodok Electrocerdicgraph 797 paper.

S-5-1A Kodalith materials, Kodogroph Contoct paopers, Kodok
Eiectrocardiograph fiim.

$5-5-2 Orthozhromatic films ond plates, Kodagraph Fast Projec—
tion paper, ond green-sensitive film for photorodiography .

$-3-3 Panchromatic films and piotes.

5-5-68 X=-roy film blue-sensitive film for photoradiography, Kodck
tlectrocardiograph 553 poper, and Kodok Electrocardio-
graph fiim.

$-3-7 Infrared —sersitive films ond plates and Kodak Ektacolor

Print film., MNot safe for orthochromatic moteriols.

$-5-8 Eostman Color Print Fiim, Type 5385.
$-35-10 For use with Kodok Color Print Material, Types C and R;
Kodak Ponalure paper.

$-5-855 For use with high speed printing paopers.
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Toble 8

Filters With Specific Applications

Filter Applicotion

B~0 ~18A Ultroviclet photography. Filter obsorbs visible spectrum; trgnsmits
ultroviolet.

B-1-47 Direct bilue color separation from color negative film.

B-1-478 Direct biue color teparation from trensporencies ord color negative
materiols.

B-1-98 Blue filter for tricelor exposure of color paper. Equivaient to
B-1-478 ond P-2-28.

8-2-0 Filter used to compensate for o filter of equivalent optical path.

B-2-6 Partial correction of blue for doylight penchrometic shots.

8-2-8 Full correction for doylight penchromotic shots with Type B film
{higher zensitivity to green than Type C film).

B-2-13 Corructs Type € ponchromotic film exposad by tungsten lights.

B-2-90 Nonchromatic viewing filter.

B-3-1l Corrects Type 8 panchromotic moteriols exposed with tungsten light.
Corrects Type C moterials outdoors.

B-3-40 Two-color photography (tungsten).

8-3-57 Twa=zaler nhotegrephy (dey light),

B-3-58 Tricolor for direct green separation.

B-3-66 Controst effects in medical photogrephy .

8-3-92 Densitometric mecsturement of color films and pepers.
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loole B8 (Cont'd}

Filters With Specific Applications

Filrer Agpiication
B-3-99 For use in controlling green exposure of color papers exposed
through color negative materials. Equivelent to B-3-61 and
B-2-16.
B-4-34 A Blue separotion in Kodak Fluorescence process.
B-5-25 Tricolor red for direct color separation.
8-5-29 Tricolor red for direct color separation from transparencies and

in Kodok Fluorescence.

B-35-70 Printing red color on color sensitive paper with color negatives.
8-5-92 Densitometric meosurement of red on color films and popers.
C-4-1Aa Reduces excess biue and ultraviolet in color photogroph in shade

under o clear clue sky.

P-2-28 Absarbs objectionable ultraviolet in tungsien lamgs used in
color printing .

1G.3 Reference Materiol.

10.3.1 General. The moteriol covered in this oppendix does not form o part of this
stondard. It is provided primarily os reference material. A reference lisr intended for use
by those preparing specificotions and procurement documents is olso provided.

[ N T T
LI~ e [N}

16.3.2.1 The most widely used light source in photography is doylight. This light source
is usuolly described by a color temperoture. However, detailed studies have indicated thot
deylight varies considerably in color quality depending upen the location, time of day, ond
ctmoscheric conditions.
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10.3.2.2 Filters which are designed to convert the spectrol energy distribution of doylignt
to that of o known artificiol source can only be occurcte when the doylight distribution is
opproximarely equal to that distribution for which the filter was designed.

10.3.2.3 When the sky is cloudy, the gtmosphere is hozy, or it contoins eppreciobie
amounts of smoke, the color temperature moy be expected to be lower thon for thot temper-
oture for which filters ore designed. This follows from the fact that light of shorter wove-
lengths will be scottered more thon light of longer wavelengths.

10.3.2.4 |n Toble C, deoto for overoge spectro! energy distributions of five pheses of
daylight are shown. This dota was reported by Teylor and Kerr' in the vicinity of Cleveland,
Ohio between the hours of 9:30 A.M. ond 3:30 P. M.

10.3.3 The mired system.

10.3.3.1 General. Blockbody type illuminants (incandescent rodiators) are usuolly des-
cribed by on ossigned color temperature (degrees Kelvin). This color tempergture is the

temperature of an ides! black body with the some chromaticity o3 the incondescent source
being roted.

10.3.3.2 In the mired system chromaticity of light sources are described by the micro-
raciprocsl of the color tempergture in degrees Kelvin,

10.3.3.3 The edvontoges obtained by using this system ore os follows:

10.3.3.3.1 A small interval in reciprocol temperoture represents on appraximotely equol
difference in chromaticity, regardless of the calor temperature. Thus, when color temper-
ature is specified, it is impossible to perceive that ot 20, 000°K ¢ difference of 100°K repre-
sents o color shift equivolent to |° at 2,000°K. However, o difference of | mired represents

on cpproximotely equol color shift for o0 50- or 500~ mired source.

10.3.3.3.2 A filter with 0 mired volue will shift thot same mired value in ¢ variety of
color temoerotures, for example:

chyior, A.MH. ond Kerr, G.P., "The Distribution of Energy in the Visible Spectrum of
Davlight,” 1.0.5.A., 31, 3 (1941).
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Mired value of

source
Color temperature Mired velue modified by
of source of source +40 mired filter
2800 384 424
3000 333 373
3200 33 353
3400 294 334
40C0 50 290
5500 t82 222
4500 154 194

10.3.3.4 Filters which lower the color temperoture of o source have positive mired shift
values ond, are usually yellow in calor. Filters that roise the opporent color temperature of
o source have negative mired shift values and are blue in color.

10.3.3.5 Mired values ore usually opplied to color temperatures ranging from 2, 000°K .
to 20, 000°K.

10.3.4 Theoretical basis and limitations of mired systems.

10.3.4.1 Wien's equation for o rodiator of temperoture t and wovelength A is
2
1) Ja; = CA-5 e - /At
Where: J is radiant energy
t is temperature

Ais wavelength

10.3.4.2 The ratio of the expression ot two temperatures gives the fransmittance of an
ideal conversion filter as o function of wavelength,

@) = - b=
1 e (L)

—
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Relotive Spectral Energy Distribution of Five Phases of
Notiongl Doylight {Averages).

. Sun plus North
Wove- sky, hori- skylight
length Direct zontol Overcast on 45° Zenith
(ongstroms) sunlight plane shy plone sky
J Relotive Energy
4000 49 63 59 105 165
4100 62 76 8l 133 162
4200 69 84 94 142 159
4300 74 B& 98 136 153
4400 78 91 97 128 158
4500 8 ?8 - 10 138 162
4600 90 104 1o 149 6t
4700 94 105 12 146 156
4800 %6 105 ¥4 139 148
4900 9% 103 1o 132 138
5000 ) [o]] 108 123 127
5100 93 99 104 "z 120
5200 90 96 100 107 12
5300 94 95 g8 i3 108
5400 98 96 77 10! o]
5500 93 97 95 95 98
3600 95 97 . %4 93 2
5700 ) 94 92 es g5
5800 94 92 8% 84 8l
5900 93 8% 87 79 76
6000 92 87 85 75 71
6100 %0 87 el 72 &7
6200 89 85 82 70 64
6300 g7 84 82 68 60
4400 8 82 86 65 57
63500 B4 80 84 62 54
6600 2] 20 83 59 52
6700 84 80 z 59 50
T g9 80 23 s 2
6700 87 78 86 57 45
7000 as 76 86 54 42
Trilinear coordinates, 1.G.l. Colonimelry sysiem
x 0.336 0.322 0.313 0.27¢ 0.283
y .350 .325 .328 .294 279
z .342 343 .359 .429 .458

Color temperature

“5543°K GUUD°K ©300°K T0000°K 137 005K

Ul
L
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10.3.4.3 As con be seen from equation {2), one filter will satisfy all coses for which
- is o constant,

T

\

10.3.4.4 Since Jytp inequation (2)isthe transmittance, this equation may be
Jat
expressed in logarithmic form as 3)

5 = -0 1o V71 -0 )
7:9 / 2 '—I)

10.3.4.5 Since equation (3) has been derived from Wien's low, it will be subject to
the inaccurocy of this low ot long wavelengths ond high temperctures. The description of
the chromaticity of“ideoi black bodies by the |.C.|. stondord observer ond coordinate system
is focilitated by the isotemperature lines? by which color points slightly off the Planckian
locus con be assigned appropriate color temperotures. Table D correlates color temperotures
based upon these two formulas.

2.h.u:h:l., D.B., "Estimotion of Chromagticity Differences and Nearest Color Temperature on
the Stondord 1931 1. C. 1. Colormatic Coordinate System," J.O.5.A. 42! (1936).

Toble D3
Cerreiation of Wien and Plonck Color Temperatures

Color temperoture, °K Reciprocal temperature, mireds

Wien Planck Difference I/Wien I/Planck Difference
4000 4008 6 250 240.6 0.4
5000 2028 28 200 198.9 I.1
6000 6075 75 166.7 164 .6 2.1
7000 7158 158 142.9 139.7 3.2
8000 8293 293 125.0 120.6 4.4
9000 @512 512 IH . 105.1 6.0
1 0000 10840 840 100.0 92,2 7.8
1ono 12210 1319 en.o 8l.2 9.7
12000 13950 19250 B83.3 71.7 i.é
13000 15770 2770 76.9 63.4 13.5
| 4000 [7845 3845 71.4 56.0 15.4
| 5000 20240 5240 66.7 49.4 7.3
| 6000 22880 6880 62.5 43.7 18.8
| 70C0 25770 8770 58.5 38.8 2¢.0
18000 28740 0740 55.6 34.8 20.0

3Estey, R.5. "The Correlation of Color Temperatures Based on the Wien and the Planck
Radiation Formulas, " J.0O.S5, A,, 28, 293 (I938).
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10.3.5 Errors coused by filters®. The use of o plone-paorollet gloss plote (such a3 o filter)
in the optical path of 0 camera will introduce the following error:

Displecement of the focol plone
Imoge distortion
Aberrotions affecting lens definition

10.3.5.1 Displacement of the focal plane. The insertion of o filter between lens and
focal plane displaces the focol plane owoy from the lers, the amount along the axis being
about |/3 the thickness of the filter. This axial displacament is expressed as
T

displecement = T - 1
® N

inwhich T = filter thickness and N = filter index of refraction. The index of refroction for
most filters is gpproximotely 1.52. The obove expression is not cbsolutely correct for off-oxis
roys, in thot the filter introduces curvature of field. This couses imoges of points near the
edge of the field to hove o greoter displocement thon the image of an axial point. Thus the
field of best imagery is convex toward the lens ond the curvoture (meosured parallel to the
axis) con be computed from the equation

curvoture = T (I - gos 2y

IN cos E')

in which B and B' (see Figure B) ore connected by the relation

Sin B = N
Sin B

in which B is the angle of incidence and B' is the angle of refroction. For example, the curv-
ature introduced by o filter 4 millimeters thick and with an index of refraction of 1.52 is 0.58
millimerers ot o point 45 degrees o ff the oxis. If the image field of o photographic lens is
conceove the use of o filter will help to flotten the field.

4 Americon Society of Photegrommetry, "Monual of Photogrammetry, " Second Ecition,
poge 44 (1$52).
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10.3.5.2 Image distortion.

10.3.5.2.1 The rediol distortion introduced by insertion of a filter into the opticol system
results in a radial displacement o an image point toword or away from the center of the field,
depending on whether the filter is between lens and imoge or between lens and object, res-
pectively (see Figure B). The mognitude of distortion is shown in Table E which gives dis-
tortion error {expressed os o decimal port of filter thickness) for rays ot angu lor distances (in
degrees) from the center of the field. The distortion varies with the index of refraction (N)
of the gloss. The index used in computing the rable is .52, epproximately the some as for
most filters. Changes in distortion due to change of index are negligible. For index velues

between 1.48 and 1.56, the table values are correct to 3 in the fourth place for angles up to
25 degrees, and & in the fourth place for angles between 25 and 50 degrees.

10.3.5.2.2 Note the following when cemputing distortion error: {I) A filter located any-
whare between lens and object causes o radial displacement of on image point away from (sign
ossumed +)}the center of the field, the magnitude being equal to the value in the table multi~
plied by filter thickness and scale ratio. The scole ratio (imoge to cbiect size) is very smoll,
approximately 1:20,000, in the cose of an oerial camera. For the purpose of distortion com-
putation it moy be considered to be zero, hence the imoge distortion caused by a filter in
front of o comera lens will be zero. That is, when the object is essentially at infinity, the
light rays striking the filter are porallel and therefore, there is no image distortion. (2) A
filter locoted anywhere between lens and image couses a redial displacement of an imoge
point toward the center of the imege field equal to the value in the table multiplied by filter
thickness only .

10.3.5.3 Aberrations affecting lens definition. Th= cberrotions in o well designed lens
heve been bolanced to the point where their effects will not adversely offect picture quelity.
It is most importont therefore, thot o filter loccied in the optical path of the lens does not
couse thot balance to deteriorate. The effect of curvoture of field error (discussed under
displocement of the focel plane, 10.3.5.1) may be reduced by reducing the size of the lens
opening. Such error reduction is due to an increase in depth of field. It should be noted,
however, that this procedure is not always possible becouse it decreases the amount of light
reaching the film. Distortion error [previously discussed) is not reduced by reducing the size
of the lens opening.

10.3.6 References.
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Table E

Distcrtion Introduced by o Plone~Paraliel Plote
Expressed as o Decimaol Part of the Plate Thickness

(B) 8)

Helf engulor Distortion Holf anguliar Distortion
field {degrees) N=1.52 field (degrees) N =|,52
| 0.0000 26 0.0197
2 0.cooC 27 c.0222
3 0.0000 28 0.025I
4 6. cocl 29 0.c28l
5 C.ocot 30 0.G3I5
) 0.0CQ2 31 0.a352
7 0.o00C3 32 0.9
8 0.0005 33 0.0434
4 0.0007 34 0.048i
10 0.0010 35 0.0532
il 0.0014 36 0.0587
i2 0.8 37 0.0646
13 0.C022 38 0.0710
14 c.cczs . 39 0.0779
15 0.0035 40 0.0854
16 0.0043 4l N.0934
7 0.005l 42 0.102}
18 0.0C6l 43 0.114
i9 0.0C73 44 0.1215
20 0.0GC85 45 0.1324
2l C.2C%? 48 C. 441
22 0.0l115 47 0.1566
23 0.0133 48 0.1702
24 0.0152 49 0.1848
25 0.0i73 50 0.200%
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List of non-mondatory references. The following lists are for information only and
considered opplicable to this standord in ony other serse. These documents will
ed by the procuring activity.

| Americon Stendards Associotion.

PH2.II-1958 - Doylight Type Color Films.

PH2.20-1960 - Sensitoemeatric Exposure of Artificial Light Color Films,
Method for.

PH3 .17-1958 ~ Photographic Filter Sizes.

PH3 .37-1961 - Selective Tronsmission of o Phatogrophic Lens,
Test Method for.

Z258.1.2-1952 - Nomenclature ond Definition in the Field of
Colorimetry.

Z58-7.2.3.195! - Methods of Measuring ond Specifying Color.

2 Journal of the Optical Seciety of Americo.

A Proposed Scale for Use in Specifying the Chromaticity of Incondescent {llumin-
ants ond Various Phases of Doylight, |. G. Priest - 23, 4l (1933).

Appreximote Spectrol Energy Distribution of Skylight, K.S. Gibson - 30,88 (1940).
Color Designotions for Lights, K. L. Kelly - 33, 627 (1943).

Colorimetric Specifications of Wrotten Light Filters, Dovid L. MacAdam -
Vel 35, 10 (Oct. 1945),

Criteric ond the Intemsity-Epoch Slope, B. P. Romsay, E. L. Clevelond,
C. T. Koppius - Vol. 3l (Jan. 1941),

Improvement of Photographic Color Rendering by Correction Filters,
A. Van Kreveld - Vol. 36, 7 (July 1946).

Resolving Power of Photogrephic Emulsions, P. Hariharon Vol. 46, 5 (May 1956).
Spectral Energy Distribution of the Intemational Commission on llluminoticn

Light Sources, Roymond Devis, Kasson 5. Gibson, end Geroldine Walker
Haupt - Vol 43, (Morch, 1953) pp. 172-1764.
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The Correlation of Color Tempergtures Based on the Wien ond the Planck
Rodiation Formulas, R. S. Estey - 28, 293 (1938).

The Bistribution of Energy in the Visibie Spectrum of Daylight, A. H. Tayler
and G. P. Kerr = 31, 3 (1941).

The Optical Properties of Light Filters, C_E. K. Mees - (Dec. [916).

10.3.6.1.3 Books. .

Color Photogrophy in the Studio: Eostmon Kodok Co. Publication No. E-76 (1957},

Filter Monual, Corl Bokel: Comero Craft Publishing Ca. San Francisce 5,
Colif. (1953).

Infrared and Ultroviolet Photography: Eostman Kodok Co., Publication
No. M-3 (1959).

of Dotoguide: Eastman Kodok Co., Publication No. R-1% {i960).
Kodok Color Films: Eastmaon Ko;iok Co., Publication No. E-77 {I959).

Kodok Films: Eastman Kodok Co., Publication No. F-I (1958).

Kodak Filters and Pola-Screens: Eostman Kodak Co., Publication No. B=| {I$61).
Kodak Wretten Filters: Egstmon Kodek Co., Publicotion No. B-3 (1960).

Manuaol of Photogrammetry: American Society of Photogrammetry,
Woshington, D.C. (1944, 1952),

Method for Determining the Resolving Power of Photographic Lemses:
NBA Circular 533, 20 Moy 1962, United States Department of Commerce,

Natioral Bureou of Standards.

Militery Standard Photographic Lenses, MIL-STD-150A: 12 May 1959,

United Stotes Deparimeni of Defenze.
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Militory Stondorizotion Handbook G loszary of Photographic Terms
(including Document Reproduction), MIL-HDBK-25: 20 Februery |96,
Department of the Army Technical Manual.

Precisian Megsurement end Calibrotion, Opties, Metrology and Rodiotion-
Hondbook 77, Vel. Ill; February |, 1961, United Stotes Department of
Commerce - Notiong! Bureou of Stondards.

Principles of Color Photography, Evens, Hanson ond Brewer: John Wiley
and Sons, Inc. (1953).

Tha Srianca Af Calae Coammmittan mm Falaloato: (Ymelan] Canlnms af
l||= Jbl:llh: Ul WA, W NICE W) hulu"‘llcl'y UP. A=yl JUE.B', L))
Ametica; Thoemas ¥, Cromwell Co., New York (Jan 1953, 1954)

The Theory of the Photographic Process, C. E. Kenneth Mees, D. SC. FRS:
The MacMillen Co., New York (rev. ed., Copyright 1954).

.4 Miscellonecus.

A Correloted Color Tempercture for {lluminants, R. Dovis: Buregu of
Starnderds, Journg! of Reseqrch, 7, 459, f!93|)_

Daylight Color Variations and Celor Photogrophy, R. H. Binghom and
H. Hoerlin: Photogrophic Science ond Technique (April 1951).

Filters for Artificial Daylight, Their Groding and Use, H. P. Gage ond
N. Macbeth: Trensoctiors of the Iliuminoting Engineering Society,
31, 195 (1938).

Proposed Standard Solar-Radiation Curves for Engineering Use, P. Moon:
Journal of the Fronkiin Institute, 230, 583, (|940)

Specrrol Distribution of Selor Rodient Energy, H .P.Goge: Tronsoctions of
the Illuminoting Engineering Society, Vol. 34, 316 (1939).

The Colour Temperature of Light Sevrzes, H, G. W, Hording: National
Physical Laoboratory.
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Alr be”s, 3 3 I
Acrtificial dayllghr 3 !
Artificial light, 3.2

Beauty defects, 3.3

Blisters, 3.3.2.1
Ablae A 2 0

DUUUIC), wanieglal

Cement, 3.4

Cement starts, 3.3.2.2

Chips, 3.3.2.3

Chromaticity, 3.5

Chromaticity coordinates, 3.6
f'hrnmnh-lfu H;nnrﬁm 4.1 2.1 |

L HAS Teliadmecas

Coating, anh-reflechon 3.7
Collimator, 3.8

Color, 3.9

Colorants, 3.15

Color balance, 3.10

Color compensating filters, 3.1, 4.1.5
Color contribution, 3.12

Colorimetric calculation, 3.16

Color specifications, 3,13

Color temperature, 3.14
Complementers wavelength, 3.17, 4.1.2.1.3
Contrast filter, 3.18

Cords, 3.3.1.8.2

Cracks, 3.3.1.2, 3.3.2.4

Cyan, 3.19
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Daoylight, 3.20

Daoylight, energy distribution of, 10.3.2.
Decomired, 3.2|

Decamired filters, 4.1.3.1

Decomired system, 3.22

Density, optical, 3.23

Deviation, 3.24

Digs, 3.3.2.5

Dirt, 3.3.2.6

Dirt holes, 3.3.2.5.1

Distortion, imoge, 10.3.5.2

Dominont wovelength, 3.25, 4.1.2.1, 4.1,2.1.2

€
Effective density, 3.26
Effective tronsmittance, 3.27
Effective waovelength, J3.28
Emulsion, color sensitive, 3.29
Emulsion loyer, 3.30

F

Fade-O-Meter, 3.31
Feathers, 3.3.1.3
Film, photograophic, color, 3.32
Film, photographic, infrored, 3.33
Filter bonds, 4.3
Filter classes, 1.2.3
Cless B
Class C
Cless ND
Class P
Clms S
Class Z
Filter, color, 3.34
Filter dimersions, 4.6
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Filter, factor, 3.35
Filter grodes, 1.2.2

Grade B

Grode C
Filter, neutral density, 3.37, 4.1.4
Fiiter, photogrephic, 3.36
Filter, polarizing, 3.39
Filter rotia, 3.38
Filter transmittonce, 5.2
Filter, tricolor, 3.41
Filter types, .2}

Type |, 1.2.1

Type i1, t.2.1

Type i1, 1.2.1

Type 1V, .21
Filter, ultrg=vioiet, 3.40
Filters, opplication of, 10.2
Flux, 3.42
Flux, luminous, 3.42.1
Flux, radianr, 3.42.2
Focal plene, displacement of, 10.3.5.1
Folds, 3.3.1.4

Homogeneity, 3.43
Homogeneity, tests for, 5.4

Hlumingnt C, 3.44
Hluminetion, 3.45
infrared, 3.46
inteiwity, 3.47
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J
K
Kelvin, degrees, 3.48
L
Lomingte, 3.49
Lops, 3.3.1.4
Light, 3.50
Light, polarized, 3.5l
Light scattering, 10.2.2
M

Meagenta, 3.52
Manufacturing defects, 3.3.2
Marking

Filter packoge, 4.2.1

Filters, 4.2.2

Methods |, spectrum subdivision, 5.2.2
11 emambrml PR p—. | 8 2 17
L] *‘-bl Lt BEDIIIUIU' -t el o
11l , infrored filter transmittance, 5.2.4
IV , anclysis of light balancing filter tronsmittance, 5.2.5
V, analysis of mired filter tronsmittonce, 5.2.6

Vi, anolysis of spectrel trensmittance of color compensoting ond color
printing filters, 5.2.7

VIl, visual (tefescopic) resolution test, 5.3.3

Vi, photographic reselution test, 5.3.4

IX, shodowgraph test, 5.4.1
X, polariscope test, 5.4.2
X1, test for devigtion, 5.5
11, itest for zctinic redistion stebility, 5.4
X1, high-temperoture test, Type | filters, 5.7.1.1
X1V, low-temperature test, Type | filters, 5.7.1.2

XV, humidity test, Type | filters, 5.7.1.3
XVI , high-temperorure test, Type Il and Type Vi filters, 5.7.2.1

XVH, low-temperature tes:, Type Il and Type Il| filters, 5.7.2.2
XV, humidity test, Type i ead Type 1l filters, 5.7.2.3

&7
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Miliiary filter designotion system, 3.53, 4.1
Exemples of 4.1.7

Milkiness, 3.3.1.5

Millimicron, 3.54

Mired, 3.55

Mired filter, 3.56

Mired shift value, 3.57

Mired system, 10.3.3
Theoretical besis ond limitations of, 10.3.4

Mounting, 4.4 s

0O

Objective, 3.58

Optical axis, 3.59

Optical characteristics, 3.40
Orarge peel, 3.3.2.7

Parellelism, 3.61

Photicity, 3.62
Photegraphy, infrared, 3,63
Polarisccpe, 3.64
Polorized light, 10.2.4
Polarizer, 3.45
Polycontrost filters, 4.1.6

Reoms, 3.3.]1.8.1
References, non-mandatory list of, 10.3.6.1
Reflection-reducing coatings, 4.5
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Resolution
Criterion of, 5.3.1
Tests for, 5.3
Resolution chert, 3.66
Resolving power, 3.47
Reticle, 3.48
Run-irs, 3.3.2.2.1

Sofelight, 3.49

Safelight filters, 10.2.6

Soturation, 3.70

Serotches, 3.3.2.9

Scum, 3.3.2.10

Seeds, 3.3.1.1.1

Selected ordinote method, 3.71, 4.1.2.1.2
Sensitivity, 3.72

Skylight, 3.73

Smeors, 3.3.2.10

Spectral, 3.74

Spectrol distribution, 3.76

Spectrol semsitivity, 3.75
Spectrophotometer, 3.77

Spectrum, 3.78

Spectrum locus, 3.79

Specular, 3.80

Stain, 3.3.2.1I

Stones, 3.3.1
Strain, 3.3.
Strige, 3.3.
Sunlight, 3.

.6
1.7
1.8
8l.
Temperarure and humidity tests, 5.7
Test target, 5.3.2

Tronsmittonce, 3.82
Transmittonce, spectrof, 3.83, 5.2
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U
Ultravioler, 3.84

Vv
Vaorigam filters, 4.1.6
Visible spectrum, 3.85

w

Water spots, 3.3.2.10
Wavelength centroid, 3.86, 4.1.2

70




