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COLORS, AERONAUTICAL LIGHTING

This smndard was amzroved on the abn'ue dato by the Commissioner, Federal Sup-
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1.1 Scope.—This standard defines the color
requirements for aeronautical lights, gives
the requirements for primary standard fil-
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ters, and describes techniques of inspection.
1.2 Classification.

1.2.1 Categories. — Colors shall be fur-
nished in the following categories as speci-
fled :

Category I.—Aviation colors:

Category II1.—Signal colors:
Signal red.
Signal green.

1.2.1.1 Purpose of category I, aviation col-
ors.—Aviation colors are intended for high-
intengity long-range gignal lights in which
the primary consideration is that the light be

seen, the secondary consideration is that its
color be identified. If aviation colors are used
in situations requiring positive color identi-
fication, relatively few colors are used at a
time. For example, aviation white is not in-
tended to be distinguishable from aviation
yellow uniess it is in juxtaposition with it.

901689—51—(189)

1 these acccunts, the avia are
defined in such a way that they may be
produced from incandescent lamps by means
of ware of relatively high luminous trans-

mittance. Since such high transmittance re-
quires that the spectral band transmitted
must be relatively broad, aviation colors
must necessarily be perceived as relatively
unsaturated.

sumal lights in w__i(_'.h the primary obje
the 1dent1ﬁcat10n of the color. Each of the
identification colors usually must be distin-
guishable from each of the remaining identi-
fication colors at ranges not much less than
the maximum. The definitions of identifica-
tion colors therefore provide for the maxi-
"""" dis‘inction obtainabie from
Narrow spec-

ors.—SlgnaI colors are mtended for purposes,
such as daytime signaling, generally requir-
ing properties intermediate between those
of aviation and identification colors.

based upon the use of plastxc ware.

1.2.2 Grades. — This standard covers the
transmittance requirements of four grades
of light-transmitting ware: A, B, C, and D,
in descending order of transmittance as
specified in table I.
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1.2.2.1 Purpose of grade A.—Grade A is
to be used only when the highest possible
transmittance is essential.

1.2.2.2 Purpose of grade B.—Grade B is
suitable for pressed ware of a uniform thick-
ness of not more than 6 millimeters (0.2
inch) throughout the working area, such as
position-light and identification-light covers,
smooth-obstruction-light covers, and filters
for carrier approach lights.

1.2.2.3 Purpose of grade C.—Grade C is
suitable for such blown ware as code-beacon
and contact-light filters.

1.2.2.4 Purpose of grade D.—Grade D is
suitable for thick-sectioned ware such as
beacon lenses, including course lights, ob-
struction-light lenses, and contact-light lenses
and also for filters for airport approach
lights.

2. APPLICABLE SPECIFICATIONS
AND REFERENCE PUBLICATIONS

2.1 Specifications.—There are no Federal
specifications applicable to this standard.

2.2 Reference publications.—The follow-
ing publications contain basic material per-
tinent to this standard.

2.2.1 Psychophysics of Color, by Commit-
tee on Colorimetry, Journal of the Optical
Society of America, volume 34, page 245
(1944).

2.2.2 Quantative Data and Methods for
Colorimetry, by Committee on Colorimetry,
Journal of the Optical Society of America,
volume 34, page 633 (1944).

2.2.3 1981 ICI Standard Observer and Co-
ordinate System for Colorimetry, D. B. Judd,
Journal of the Optical Society of America,
volume 23, page 369 (1933).

2.2.4 Colorimelry, National Bureau of
Standards Circular 478 (19560).

2.2.5 Rectangular Uniform-Chromaticity-
Seale Coordinates, F. C. Breckenridge and
W. R. Schaub, Journal of the Optical Society
of America, volume 29, page 370 (1939).

2.2.6 Tables for Transforming Chromatic-
ity Coordinates from the ICI System to the
RUCS System, National Bureau of Standards
Letter Circular LC897 (1948).

3. DEFINITIONS

3.1 General definitions.—Each of the fol-
lowing technical terms is used in this stand-
ard in the sense in which the term is defined
in this section.

3.1.1 Standard observer.—The standard ob-
server and coordinate system is that adopted
by the International Commission on Illumi-
nation (ICI) at its Eighth Session at Cam-
bridge, England, in 1931. (See 2.2.1, 2.2.2,
2.2.3, and 2.2.4.) This standard observer re-
fers essentially to cone vision. Darkness
adaptation does not prevent correct recogni-
tion of colored lights if intense enough to be
seen by a light-adapted observer.

3.1.2 Chromaticity. — Chromaticity of a
color is a combined attribute determined by
its dominant wavelength (8.1.3) and excita-
tion purity (3.1.4). Chromaticity limits are
usually given in terms of coordinates (x, y)
in the ICI standard coordinate system.

3.1.3 Dominant wavelength. — Dominant
wavelength of a color is that wavelength of
spectrum light which, when combined with
neutral light in suitable proportions, matches
the color. Neutral light is light for which
the chromaticity coordinates are x equals
0.333 and y equals 0.333. Colors of the same
dominant wavelength are perceived under
ordinary viewing conditions as of nearly the
same hue. The chromaticity coordinates of
colors described as having the same dominant
wavelength in the ICI standard coordinate
system lie on a straight line passing through
the neutral point and the point on the spec-
trum locus which represents the spectrum
component.
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3.1.4 Eacitation 'm/’r'lhl ~—Excitation puri-
ty is the ratio of the dlstance on the ICI
standard chromaticity diagram between the
neutral point and the sample point to the
distance in the same direction between the
neutral point and the spectrum locus or the
purple boundary. Excitation purity may be
indicated by the word *purity” alone (see
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which determines whether the eolor is per-
ceived as red, vellow, green, blue, purple, or
as an intermediate color. Colors which have
no hue are called neutral colors. A great
variety of qualities of light are perceived as
neutral under various circumstances. In gen-
eral, coiors represented in the region of the
chromaticity diagram near x equais 0.333
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3.1.6 Saturation.—Saturation is that attri-
bute of a color which determines whether
the color is perceived as greatly or slightly
different from neutral. Colors of low satura-
tion have less prominent hue. If dominant
waveiength and luminance of a color be heid
constant, the saturation or the percelvea

-

>
4

]
Q
——
C
—
et
w
a ks

[
o
-

[N
=N
o+
byt

(]

N

(M =
Vdo

<

(]

59

log
(4]

m 3

C X ) a
of high pu rltv it w1ll vield a hig
saturated color perception. To make sure
that the hue of a signal is sufficiently dis-
tinct, it is usually sufficient to specify a

minimum value for the purity of its color.
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3.1.8 Lwminance ratio.—Luminance ratio
is the ratio of the luminance of a portion of
a test piece of diffusing ware to the lumi-
nance of a corresponding portion of a stand-
ard piece of diffusing ware of the same design

made from white or nearly white material
of the same type as the test piece, when each
is illuminated by the same or an equivalent

light source.

3.1.9 Luminous transmittance.—Luminous
transmittance is the ratio of the light flux

emitted from the test plec to that incident
. - e 2L L _ b G . e e
n the opposite surface. Luminous-transmit-
+aman santtinananta ama annliaalhlia +4 liohée
Lance I'eqQUIICIieiils arc appilavic O Ligle
tranamittino wars hnimdod hv nlana nawallal
transmitiing ware bounded by plane parallel
f evlin rical or spherical faceg con-

3.1.10 Transmittance ratio. — Transmit-
tance ratio is the ratio of the light flux
transmitted by a test piece to the light flux
transmitted by a standard piece of the same
design made from coloriess material of the

same type as the test piece wnen eaci is
PRI S DR PR | PO nemAd srinsrrnd Mhia Swmédan
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may be multiplied by the transmittance ratio
of a colored lens to obtain the intensity of

the Vumt when the colored lens is employed.

3.1.11 Color temperature.—Color tempera-
ture of a light source is the temperature of
a total (Planckian) radiator which has the
same color as the source. Color temperature

'y
n equation

for the otal T dxator Color temperatures of
2842°K., 2848°K., and 2854°K. will have the
same spectral distribution when computed
with values of C., equal to 14,320; 14,350;
and 14,380, respectively. In this standard,
nominal values of color temperature are
given to the nearest 10°K.

3.2.1 Basic principle of color definition by
means of chromatzczta_/ coordinates.—For the
usual conditions of observation, the color
perceived to belong to a source of adequate
intensity is determined by its chromaticity
coordinates. It is therefore feasible to state

chromaticity requirements for light signals

o
o
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by bounding acceptable areas on the chro-
maticity diagram, and the colors in this
standard are so defined. Because the ICI
coordinate system does not represent chro-
maticity differences uniformly, it is often
convenient to transform the limits to the
Rectangular Uniform-Chromaticity-Scale sys-
tem (see 2.2.5 and 2.2.6). The corresponding
limits for the two coordinate systems are
shown in figures 1 and 8 (ICI) and figures 2
and 4 (RUCS).

3.2.2 Awviation colors. — Aviation colors
shall conform to the fundamental colorimet-
ric definitions specified in 8.2.2.1 to 3.2.2.7,
inclusive.

Note 2.—These definitions are identical
with those adopted at the fourth session of
the Aerodromes, Air Routes and Ground Aids
(AGA) Division of the International Civil
Aviation Organization (ICAO) in November
1949, with the following exceptions: (1) The
tolerances allowed for the pale limit for red
and yellow are less than the ICAO tolerances;
(2) The limits for blue follow the ICAO
“recommend practice” instead of the “stand-
ard”; (3) The greenish and pinkish limits
for white lie within the range permitted by
ICAO. The colors aviation variable-yellow
and aviation variable-white are intended
only for lights employing incandescent-lamp
sources with intensities controlled by vary-
ing the lamp currents and consequently the
colors of the light signals.

3.2.2.1 Aviation red.

vy is not greater than 0.335
(yellow limit)

z is not greater than 0.003
(pale limit)

3.2.2.2 Aviation yellow.

y is not less than 0.400
(red limit)

x is not less than 0.660
(green limit)

z is not greater than 0.010
(pale limit)

3.2.2.3 Aviation variable-yellow.

v is not less than 0.385
(red limit)

X is not less than 0.550
(green limit)

z is not greater than 0.010
(pale limit)

(See 8.2.2.7 for additional requirements
when used with aviation variable-white.)

3.2.2.4 Aviation green.

x is not greater than 0.390 - 0.171 ¥
(vellow limit)

x is not greater than 0.100 4 0.410 ¥
(pale limit)

y is not less than 0.390 - 0.171 x
(blue limit)

3.2.2.5 Awviation blue.

x is not greater than 0.390 - 0.171 v

(red limit)

y is not greater than 0.400 - x

(pale limit)

y is not greater than 0.060 4 0.820 x

(green limit)

$, divided by ¢. is not greater than
0.015.

éw is the total flux of the light under con-

sideration, and ¢, is that part of ¢, consist-
ing of radiant flux of wavelength longer than
600 mgu.

Note 3.—Identification red pale-limit stand-
ard filter, NBS 3113A, may be used for deter-
mining ¢-.

3.2.2.6 Aviation white.

x is not less than 0.350
(blue limit)
x is not greater than 0.470
(yellow limit)
¥y - ¥, is not numerically greater
than 0.03 x
(pink and green limits)
(¥, is the y coordinate of the Planckian
radiator for a given x.)
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X is not less than 0.350
(blue limit)

- e =t PRSP 41 N roen

X is not greater tnan U.ool
(yellow limit)

Y — vy, i1s not numerically greater

(pink and green limits)
(y, is the y coordinate of the Planckian
radiator for a given x.)

Note 4.—For discrimination between the

colors aviation va“nuv and

cnn atinn
...... aviation €l aliG ayv
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obtained from
whose intensities are controlled by varying
the lamp currents and consequently the
colors of the sources, the following additional

requirements will apply:

(@) The chromaticity of the vellow lights
shall be represented by coordinates such that
y is not greater than x minus 0.160 at any
time when the chromaticitv of the white
lights is represented by coordinates for which
x 1s greater than 0.470.

(b) The yellow lights shall be displayed
simultaneously with and in close proximity
to the white lights.

3.2.3 Identification colors. — Identification
colors shall conform to the fundamental col-
orimetric definitions specified in 3.2.3.1 to
3.2.3.4, inclusive. These limits are shown

graphically in figure 3.
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v is not greater than 0.287
(yellow limit)
is not greater than 0.001

z
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3.2.3.2 Identification wellow.

v is not less than 0.370
(red limit)

X is not less than 0.570
(yellow limit)

+ +h
z is not greater t
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3.2.3.3 Identification green.
x 1s not greater than 0.812
(yellow limit)
x is not less than 0.796 - 1.200 y
{blue limit)
v is mt less than 0.257 4 1.200 x
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3.2.3.4 Identification lunar-white.

x is not less
(blue limit)
x is not greater
(vellow limit)

¥y = ¥, is not greater than 0.015
(green limit)

Yo — ¥ is not greater than 0.045

(pink limit)
¥, 18 the y coordinate of the Planckian

X.)

+hawn AN
viiall &2V

<

than 0.440

iator for a given

><

3.2.4 Signal colors. — Signal colors shall

conform to the fundamental colorim
nitions specified in 3.2.4.1 and 32

3.2.4.1 Signal red.

v is not greater than 0.304
(yellow limit)

z is not greater than 0.001
(pale limit)

o -

3.2.4.2 Signal green.

x 1s not greater than 0.312
(vellow limit)

x 1s not less than 0.796 - 1.200 v
(blue limit)

v is not less than 0.25

(pale limit)

+ 1.200 x

4.1 Ranges of illuminants.—The illuminant
color-temperature range for each functional
lighting application shall be as given in table
II, unless otherwise stipulated in the procure-
ment specification.

D Accae-bld i o b 1,94 MU KU, J N
4.A AASSCIIDICU equ;puwub. Yy ICIl LIgNUlng
units not utilizing light-transmitting ware
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are purchased under specifications relerenc-
= —— e P M O P, [, | P PR S 1ialadlanar cacas 4
i1y LIS Sitalludrda, or WwWhnern uguuu; UH LS
using incandescent lamps as illuminants are
an nnurehacad and it e nnt mracticahlse tn
so purchased, and it is not practicable fo
inspect the light-transmitting ware by itself,

comple%e unit.

4.3 Transmittance or luminance.—Specifi-
cations shall indicate whether ware must
meet the luminous-transmittance, transmit-
tance-ramo, or luminance-ratio reqmremencs

Q
ahle would have to meet a requirement
more strict by about 8 percent, due to reflec-
tion losses, than ware specified by transmit-

tance ratio or luminance ratio. The limits

r [P eV L mnne wanfnn tA Franamitl
I0r aviation WIlILE Wdadre TIel€l LU uialioiiiiv
bmm i mandi e dar
tanceé ravio oniy.

3.1 Filters. — Nondiffusing ware (such
as filters) whose shape does not affect sig-
nificantly the light-flux distribution shall have
luminous transmittance within the limits
shown in table 1 for the grade and
specified.

4.3.2 Refracting ware.—Ware whose shape
or surface character affects significantly the
candlepower distribution, shall have a trans-
mittance ratio within the limits shown in
table I for the grade and color specified.

4.3.83 Diffusing ware.—Diffusing ware shall
have a luminance ratio within the limits
shown in table I for the grade and color
specified.

TABLE 1.—Transmittance and luminance limits
(Illuminant at 2850° K.)

Yellow and

Grade Red variable yellow

Green

White and
variabie white

Lunpar
white

Blue

A. Minimum acceptable luminous transmittance or transmittance ratio (for filters and refracting ware).

Aviation colors:

A . 0.200 0.600 0.225 0026 | e eeaes

B . 0.175 0.500 0.200 0022 oo 0.950

[ & J 0.1560 0.400 0.175 0016 | _-o-. 0.925

Do 0.130 0.300 0.150 0008 ... oo-_-- 0.900
TAncdifnnbdinm nalaves
AUTiiuviiILaVIUIL CULUID .

) - J 0.048 0.400 0048 oo 0120 |-l
Signal colors:

)+ J 0005 e .. #0100 b e il
B. Luminance-ratio limite (for diffusing ware).
Aviation colors:

FE 301117 195 F R (U AR PP UUPUPPRRY (USROS 0.800

B mex) e . 1.200
Identification colors

B (min.). .. ..... 0.048 0.400 0048 o .o-. 0.120

BR(max.) . ..... 0.120 1.000 0120 ... 0.300

* Can be met at present only with plastic ware.

SWiAD Aivr A
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TABLE Il.—Ranges of illuminants

Color temperature

Equipment range (°K.)
Approuch lights, airport . ... _______ 3200 to 1500
Approach lights, carrier______._____ 2850 to 1900
Beacons_ . . ... _..._. 3000 to 2850
Boundary lights_ . . _______________ 2850 to 2100
Code beacons_.___.____.....______ 3000 to 2850
Course lights_ ____________________ 3000 to 2850
Contact lights_ .. ____________.____ 2850 to 1500
Identification lights_ ______________ 2850 to 1900
Obstruetion lights_____________.___. 2850 to 2100
Position (running) lights___________ 2850 to 2360
Range lights_____________._______. 2850 to 2100
Traffic-control lights__________.___. 2850 to 2360
Signal lights___ . ______________._. 2850 to 2360
Special lights__ ... _______._____. Optional.

5. SAMPLING, INSPECTION, AND TEST
PROCEDURES

5.1 General.—Generally applicable meth-
ods of sampling, inspection, and tests are
given below for use as a guide in the drafting
of procurement specifications which will
specify the exact procedures to be used.

5.2 Sampling.—Whenever practicable each
piece should be inspected for conformity to
the color requirements. Whenever it is im-
practicable to inspect each piece, the sam-
pling should be done in such a manner as to
include extremes of chromaticity and trans-
mittance rather than in a random manner.

5.3 Technique of inspection and test by
means of working standards.

5.3.1 Basic principle of the method.

5.3.1.1 Chromaticity.—The chromaticity of
the light emitted by the equipment or trans-
mitted by the cover under test may be deter-
mined by comparing the chromaticity of the
emitted or transmitted light with light of
known chromaticity, provided the directions
and amounts of the perceived hue and satu-
ration differences are such as to indicate
definitely whether the cover conforms or does
not conform to the color requirements. For

Fed. Std. No. 3

example, 2 lamp-filter combination known to
have chromaticity coordinates x = 0.157,
y = 0.535 could be used to judge the con-
formity to identification green of equipment
yielding either a close chromaticity match
or a chromaticity perceived as both slightly
yeliower and slightly more saturated; this
equipment would conform. But this source-
filter combination would not permit a deci-
sion to be made regarding equipment yield-
ing chromaticities perceived as less satu-
rated, because the inspector would have no
basis for judging whether the chromaticity
departure is great enough to cause the
chromaticity point (x, y) of the equipment
to fall outside the area on the chromaticity
diagram permitted by 3.2.3.3. A source-
filter combination for which x = 0.200, y
= 0.497 would serve as a saturation and hue-
limit standard (called pale and blue limit)
for identification green. It would permit an
inspector to judge conformity or noncon-
formity of equipment yielding chromaticities
both greener and slightly yellower than the
standard, but if he perceived that the chro-
maticity of the test piece was considerably
yellower and of about the same saturation
he would not know whether it met the re-
quirement that v be not less than 0.257 -+
1.200 x. Several working standards of chro-
maticity are likely to be required by the
inspector for each color. :

5.3.1.2 Transmittance.—A standard filter
of known luminous transmittance and of
spectral characteristics similar to the test
cover may be used in conjunction with a
visual or photoelectric photometer to test a
cover for conformity to the requirements of
4.3. The inspector has essentially to set the
visual photometer to equality of luminance,
or to use the photoelectric photometer for
an analogous purpose.

5.8.2 Selection of working standards. —
Working standard filters and color tempera-
tures of sources to be employed for inspection
should be specified in each procurement docu-
ment. The chromaticity coordinates of the
lamp-filter combination must lie within the

7
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TABLE II1.— Primary standard filters
%
Mluminant i
color T,
Color Grades Limit Tilter | tempera- x y 2 (2850° K.)
ture °K,
Aviation red____ All Pale and yellow____._._ 3647A 3000 0.665 0.335 0000 | _.__._..
Pale and yellow_...._.. 3647A 2850 0.666 0.334 0.000 0.310
A @oeeeccmeeccece—a-] 30647A 2360 0.689 0.331 0000 .. ..___.
e 3647A 1900 0.674 0.326 0000 f..o......
All Pale and yellow____._..| 3056A 3660 0.666 0.334 0000 | ...
Pale and yellow_______. 3656A 2100 0.673 0.327 0.000 |._.......
All Transmitiance_ ... __. 3218A 2850 0.696 0.304 0.000 0.178
All Transmittance.._..._.. 3172A 2850 0.702 0.297 0.001 0.150
Aviation yellow__|_.__.__... Pale and green___....___| (Filters not yet selected)
Tranpsmittance ________
) 27 S,
Aviation variable- |______.__._ Pale and green___.__ ... {(Filters not vet selected)
yellow. Transmittance._.__.___.
Redo oo mecmmeaaaas
Aviation green... All Pale ... 7044A 2850 0.258 0.437 0.305 0.243
' Yellow_ ... . 7044A 2360 0.289 0.473 0238 |._______.
All Pale ____ ... 7346A 2850 0.243 0.414 0.343 0.271
e e e 7346A 2360 0.272 0.455 0273 . _____.
All Pale ____ ... 7356A 3000 0.226 0.399 0375 ...
Yellow oo oo 7356A 2100 0.281 0.478 0241 | ___...
All Blue_ . .. 7321A 2850 0.156 0.363 0.481 0.106
A e e eceeees 7321A 2360 0.166 0.413 0421 |.________
All Blueo oo e 7327A 3000 0.166 0.362 0472 |____._.___
oo em—eme 7327A 2100 0.195 0.457 0.348 | ________
B, C,and D| Transmittance.__.__._._ 7322A 2850 0.166 0.370 0.464 0132
All Tronsmittance . ___.__. 7342A 2850 0.205 0.400 0.395 0.200
Aviation blue.___ All e memmmmmemm—————— 8219A 3000 0.158 0.125 0.717 |___.____..
A e 8219A 2850 0.160 0.133 0.707 0.039
Pale and green____..___ 8219A 2360 0.169 0.167 0664 |._____._.
All Transmittance________. 8213A 2850 0.148 0.084 0.768 0.020
Identification red- All Pale and yellow.___._.. 3113A 2850 0.713 28 0.000 0.107
e 3113A 1900 0.715 0.285 0000 . __._..
B Transmittance...._._._ 8055A 2850 0.723 0.277 0.000 0.056
* See note at end of table.
8
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TABLE IIl.—Primary standard filters—Continued

|

| Mluminant
color T,
Color Grades Limit Filter |tempera- X v z (2850° K.)
ture °K.

1dentification yel- All Pale and green_______._ 3955A 2850 0.577 0.422 0.001 0.535
low. Y e 39554 1900 0.606 0.393 0.001 |_..__._..

All Pale and green___._____ 3964A 2850 0.577 0.421 0.002 0.649
s 3964A 1900 0.604 0.395 0.001 |....o....

All Transmittance...._.... 3840A 2850 0.609 0.3% 0.001 0.500
! Redoo oo .... 3840A 1900 0.627 0.372 0.001 .. _....-.

Identificetion Y ool 6310A 2850 0.273 0.639 0.088 0.134
green. All Pale (vellow) and vellow.| 6319A 1900 0.312 0.631 0057 | .oceo--

e ceeeemeae 6327A 2850 0.268 0.637 0.095 0.139
All Pale (yellow) and vellow.| 63274 1900 0.309 0.630 0.061 |..._..._-

B Transmittance (vellow).| 6310A 2850 0.216 0.699 0.085 0.054

All Transmittance (yellow).| 6306A 2850 0.212 0.693 0.095 0.049

Al Pale__.... e 6700A 2850 0.220 0.520 0.260 0.103
Pale . ... 6700A 1900 0.269 0.578 0153 | .______.

Al Pale (blue)____.________ 6916J-A| 2850 0.202 0.498 0.300 0.086
@i 6916J-A. 1900 0.238 0.577 0185 | .____...

All Pale (blue).__________. 6917A 2850 0.201 0.501 0.298 0.109
e e 6917A 1900 0.243 0.582 0175 | ceee-.

i

All Blue oo . 6905A ; 2850 0.157 0.533 0.310 0.031
A e e 6905A 1900 0.182 0.610 0208 .. ___.._.

B Transmittance (blue).._| 68054 2850 0.157 0.533 0.310 0.031

Tdentification | AN | v 82494 | 2850 | 0312 | 0328 | 0360 | 0250
lunar-white. " Yellow_oo ... 84494 | 1900 0.440 0.398 0162 |___.___..

B Transmittance._.__.__.. 8430A | 2850 0.270 0.286 0.444 0.167
e 8430A 1900 0.398 0.378 0.22¢ | _..._...

Signal red_____.. B Paie and vellow________| 3218A 2850 0.696 0.304 0.000 0.178

Transmittance_.__..___ 3113A | 2850 0.713 0.287 0.000 0.107

Signal green_ ___._ B Paic (vellow) and yellow.| 6319A | 2850 0.273 0.639 0.088 0.134

B Paleo oo .. 6700A 2850 0.220 { 0.520 0.260 0.103

B Pale (blue). ... .. __. 691GJ-A! 2850 0.202 | 0498 0.300 0.086

B Blueo oo .. 6805A 2850 0.157 0.533 0.310 0.031

B

Trapsmittance_________ 6319A 2850 0.273 ] 0.639 0.088 0.134

* Although the filter is not & limit standard at this color temperature, the chromaticity coordinutes:nre listed for
information.
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Color Limit Tilter  IChromaticity tolerances (Iluminant 2850° K.\
X v
Aviationred__ . ____________.__ Pale and yellow. ... _.____. 3647A 0.6635<x<0.6665* 0.3335<y=<0.3360*
Pale and yellow.. ... ..____ 3656A 0.6660 <x <0.6680 0.3317 sy <0.3337
Aviation yellow._ _.__._._______ Palecand green.. .. _____ .| ... (Tolerances not yet determined)
Red and transmittance_____{___.______
Aviation variable-yellow_ _ . ____ Paleand green_ ... ____|..___ __...| (Tolerances not yet determined)
Red and transmittance_.__ .| ___._____
Aviation green. ____.______.__. Pale ... 7044 A 0.2575 <x <0.2590 0.4365 <y <0.4380
Yellow_._ .o .. ... 7356A 0.2315<x<0.2335 0.4095 <y <0.4115
Pale. . . ... 7346A 0.2430 <x <0.2445* 041405y =<0.4155
Blue ... oo 7321A 0.1550 <x <0.1570 0.3630 <y <0.3640*
Blue. ... ... 7327A 0.168 <x=<0.172 0.374 <y =<0.378
Aviation blue_ . __________.__.___ Pale and green........._-. 8219A 0.159 <x<0.161 0.130 <y =<0.133
Identification red..._._.._.____ Pale and yellow.____.._._. 3113A 0.7125<x<0.7150  0.2850 <y <0.2870
Tdentification veliow....._____. Pale and yellow_._______._ 3955A 0.5765 <x <0.5770 0.4215 <y <0.4235
Pale and yellow._ ... _._. 3964A 0.5750 <x <0.5785 0.4210 sy <0.4223
Red and transmittance.____ 3840A 0.6090 <x <0.6105 0.3890 <y <0.3905
Identification green..__.___.___. Pale (yellow) and yellow___| 6319A 0.2710 <x <0.2750 0.6335 Sy <0.6420
6327A 0.267 <x<0.269 0.636 <y <0.638
Pale (blue)_ - ... 6916J-A | 0.1995 <x <0.2020 0.4950 <y <0.4980*
Pale (blue)_ ... ...__._.___ 6917A 0.2005 <x <0.2025 0.500 <y =<0.502
Blue and transmittance.__.] 6905A 0.1570 =x<0.1590 0.5315 <y <0.5345
Identification iunar-white. ... .. Yeliow. o ool B8449A 0.3105<x<0.3125 0.32060 Sy <0.3285
Transmittance. .__._._.__. 8430A 0.2700<x<0.2715  0.2860 <v <0.2885

* Some glasses complying with this tolerance are not strictly applicable to ware illuminated by a 2850° K. source, but
may be used over a lower color temperature range.

fundamental limits set forth in 3.2 for the
applicable range of permissible variation in
color temperature of source, or the use of
the fi'ter must be restricted to color temper-
atures for which the chromaticity coordi-

nates of the combination lie within the limits.

MNantain Nuininweyr gboandand Aléang
WL VvGlll pPlilllally Juallualu 11iveld

lected by, and on deposit at, the National

alwaade an
ailrcauy osc-

10

Bureau of Standards are listed in table III.
This table gives the limits for which the
filters are used, the chromaticity coordinates
(%, ¥, z) for illuminants at certain color tem-
peratures, and the luminous transmittances

(T,) for source-color temperature 2850°K.

Mhaaa
4 11CDT

quirements of 3.2 as indicated, many of them
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falling well within the fundamental limits.
Duplicates of most of these filters have been
certiﬁed and are in use for inspection of

—_

ighting equipment purchased by tne Depart-
——— o d PR o Y R P | . e PR B
ment of Defense and the Civil Aeronautics
A AdArminiatwatinnm Mahla T Aderac +ha ahsnrmand
LaUliiliiisuli auviVll. 1ault 1y gIvVved LT LI UiLlav-
icity tolerances used in the selection of such
duplicates, and may serve as a guide in

future certification of duplicates as to how
closely the chromaticity coordinates of a
working standard need be evaluated. Work-
ing standards other than those listed in table
IIT may be emploved. For certification by
the National Bureau of Standards they must
meet the requirements of 5.3.2.1 through
3.2.7.

shall be a filter of material known to be per
manent. Working standards shall be made
of glass for the sake of permanence.

5.3.2.1 Material. — The working standar

v R

5.3.2.2 Uwniformity of coloring. — Color-
ing matter shall be uniformly distributed
throughout the material except in the case

nf colanintmorod. and vo“nu' n-]nec 1+ o1
~ i u“u ‘V i3 adivvea

as unavmdable. Flashed glasses consisting
of a thin layer of highly selective glass at-
tached to a clear-body glass shall be avoided
not only because of probable nonuniformity
from spot to spot but also because slight
scratches may alter the chromaticity signifi-

Anendles

cantiy.
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5.3.2.8 Dimensions.—The standard filters
should be cut square, not more than 5.06

e o
3

be used as standards in lieu of the above
These dimensions are suggested because they
have been found convenient, and to adhere
to them would make the various standard
filters applicable to testing equipment al-
ready available. The minimum thickness
serves to relieve the inspector of tne worry

of having to care for unduly fragil
P
I'as.
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o
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m

5.3.2.4 Optical quality. — Standard filters
1] .

nave sufficiently plane,

sall Lonnc A h n nw
CH-}) bllt:u races, ana snan o

J
‘ee from bubbles, striae, scratches, and
her def cts to be suitable for use as stand-

H M ATy M SUWleait 1UL

v defect sufficient to alter appreci-
ablv the judgment of an inspector in his
use of the specimen as a standard shall be

avoided.

®
=
P9
fn
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5.8.2.5 Chromaticity.—The standard filter,
in combination with all light sources with
which it is to be used, shall conform to the
chromaticity requirements of the color to be
represented. The transmittance-standard fii-
ters shall also conform to the further chro-

o anart RAA 3nm $ohla U
S pcuucu 11l tawvic v,

s ssamiIziveamaand
L

maticity requiremen

TABLE V.—Chromaticity limits for transmittance standards
(Iluminant 2850°K.)

Color Limit Color Limit Color Limit
Aviastionred_ .. ___________.__. v<0.310 Identification red._____ .. vy <0.280 Signalred__..| y<0.295
Aviation yellow and aviation v <0.435 Identification yellow_____ ¥<0.405 |- oo eifeecmaccaana
variable-vellow,
Aviation green_._.___.__. I x<0.210 Identification green__ . ___ y>0.150 Sigoal green__| y>0.080
+2.000x +2.000x
Aviation blue_________________ ¥<0.086 .o ecccmmm e meefee e e e
......................................... Identification lumar-white.; x<0.285 [j-_ oo oioC

—
[
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The chromaticity requiy
have been found to be necessarv for the

purpose of making the transmittance stand-
ard closely similar in chromaticity to that
of the darker ware to be tested so that the
inspector can easily set the photometric fields
to equality of luminance. Ideally, the chro-

maticity of the transmittance standard
~lemaa PR M 1 3 0y ~

should be intermediate to that of the pale
Tivnid obannmTawed nead LLod £ o0 2.4 4
LAV dlanudru ana vnav 10r ware just meet-
ino tho francemidfannsn wamiiisnammandt Té fo da
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be expected that a transmittance standard
satisfactory for ware colored with one com-

bination of coloring constituents will seldom
be satisfactory for ware colored with some
other combination of coloring constituents,
particularly if there is a considerable hue
difference. Each new colorant material will
ordinarily require a new choice of transmit-

of the tanda }
not less than 0. 60 tlmes the minimium tram-
mittance specified for the ware. This require-
ment has been found useful in the selection
of standard filters because of the convenience
of pairs of polaroid filters to adjust the
photometric field to equality of brightness
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reliable and the luminance adjt.k,tmen.t often

cannot be made without appreciable change
in chromaticity introduced by fallure of the
chromaticity of the pair of polarizing filters
to stay constant independent of angle be-
tween them.

5.3.2.7 Seleciion of correlated pairs of

ndards.—>Standard filters Snau De

fm
selection is not feasible, the members of a
pair of standard filters shall be selected so
as to have the same chromaticity characteris-
tics within a tolerance of 0.010. The trans-
mittance standard shall be considered as

having the same chromaticity characteristics

v 1)
glass as the tray ttance gtandard, If suc

iZ2

)

oqqlb]e to obtam bv
increasing thc thlckne%s of the material of
the pale-limit standard, a specimen whose
chromaticity coordinates (x, y) for every
illuminant within the range differ from those
of the pale-limit standard with the same
illuminant by less than a stated tolerance.
Such ranges of illuminants are specified
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the amount of the coloring constituents in

a unit cross-section of the light beam being
transmitted. This variation occurs because
the effectiveness of coloring constituents of
both glass and plastic ware is affected by
heat treatment and by other aspects of the
molding proceqs If the volume density of
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5.8.3 Inspection and test procedure.

5.3.3.1 Illuminate one side of a photometric
field with light from the equipment under
test. If the test piece is light-transmitting

| P
ware, iii un’llna'ﬁe it Vltn lnumuesu,n iamp
1inthd AL Arlace dnsmnsnnnndiinn nAavmacAanAdine A
nyne ol SUIUL LCLLIPCIaAlULT LULT COPUIIWLLILILE LW
ano nf the ovtvomace nenallvy the nnmer ox-
AVS S A i viiv AV W VPRL T P ¥ L VTS Y Uy vaie W PR A

n table II.

5.3.3.2 Illuminate the other side of the
photometric field with light from a standard-
light source and chromaticity-limit filter of
the nominal color of the test piece. If the

i1

- :11_ ~

1P 1Hu 18

v isnlrnrd 3 a nwealiv
icoencu il a kJX Tililin-
nf thoe toct ninro

of the test piece
which both working

iece are removed.

5.3.3.3 Adjust the photometric fields to
equal luminance and note the character of
the chromaticity difference between the two
fields. If the choice of chromaticity standard
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filter has been good, the inspector will be
able to judge compliance of the test piece
with the particular chromaticity limit repre-
sented by the filter. If he is not able to judge
compliance, another filter must be chosen, or
the test piece set aside for a referree test.

5.3.3.4 Repeat 5.3.3.1 to 5.3.3.3, above,
using a light source for the test piece cor-
responding to the other (usually lower)
extreme of color temperature (often to be
obtained by means of a color-temperature-
reducing filter). If the test piece passes the
chromaticity requirements for both upper
and lower extremes of color temperature
such as specified in table 11, it is usually safe
to assume that it passes for the intermedi-
ate color temperatures. If the spectral char-
acteristics of the ware are such that this
assumption cannot be made, the inspector
will have to be given special instructions to
test at intermediate color temperatures also.

5.3.8.5 Measurement of luminous transmit-
tance.—First, adjust the photometric fields
to equality of luminance with the light
sources set at color temperature 2850°K.
and with no test piece or transmittance
standard in place, and read the photometric
scale setting. Second, insert both transmit-
tance standard and test piece, reset to equal-
ity of luminance, and read the photometric
scale setting. Third, obtain the ratio of lumi-
nous transmittance of test piece to that of
standard by dividing the second photometric
scale reading by the first. Fourth, from this
ratio compute the luminous transmittance
of the test piece by multiplying by the lumi-
nous transmittance of the transmittance
standard. Fifth, determine compliance or
noncompliance with the specification by com-
paring the transmittance of the test piece
with the transmittance requirements of
table I.

5.3.3.6 Measurement of transmitiance ra-
tio.—First, set both light sources to color
temperature 2850°K. and adjust the photo-
metric fields to equal luminance with a color-
less prism or lens of the same design as the

Fed. Std. No. 3

test piece on the test side of the photometer,
and read the photometric scale setting. Sec-
ond, substitute the test piece for the color-
less piece on the test side, insert the trans-
mittance standard on the other side of the
photometer, set the photometer to equality
of luminance, and read the photometric scale
setting. Third, obtain the relative transmit-
tance ratio of the test piece to the luminous
transmittance of the standard by dividing
the second photometric scale setting by the
first. Fourth, from the relative transmittance
ratio, compute the transmittance ratio itself
by multiplying the former by the luminous
transmittance of the standard. Fifth, deter-
mine compliance or noncompliance with the
specification by comparing the transmittance
ratio of the test piece with the transmittance-
ratio requirements of table 1. This test, or
its equivalent, shall be carried out over the
whole solid angle into which light is sup-
posed to be transmitted by the test piece in
its intended use. If, as is usual, the photom-
eter does not take in the whole of this
angle, the test must be repeated for other
orientations of test piece and colorless ana-
logue until the inspector is satisfied that the
requirements of table I are met over the
whole solid angle or until he has found a
portion of the solid angle within which the
test piece does not comply. If repeated tests
are required for this purpose or for testing
many pieces in succession, it is useful fo
set up on the photometer the setting ‘corre-
sponding to the requirement of minimum
transmittance ratio; noncompliance is then
revealed by the test piece appearing darker
than the standard.

5.3.3.7 Measurement of luminance ratio.—
First, set both light sourees to color tempera-
ture 2850°K, insert a white cover of the same
design and material (except for coloring
constituents) as the test piece in both beams,
and read the photometric scale setting. Sec-
ond, substitute the test piece for its white
analogue in the test beam, insert the trans-
mittance standard in the standard beam, and
read the photometric scale setting. Third,
from the two photometric settings compute

13
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standard. Fourth, from this ratio and the
known luminous transmittance of t_,e stand-
ard, compute the luminance ratio of the test

piece. Fifth, determine comphance or non-
compliance by comparing the luminance ratio
of the test piece with the luminance-ratio
requirements of table I. This test must be
repeated until the inspector is convinced that

4l s wxrlanln nwnn Af dhn dnnt wwinna trarnamitftine
LIIT WIIVIT 4altd Ul LIIT LEDL PITLT L1 Alidilllvuidie,
lioeht far + intandead nirnnce caticfies the
ignt Ior U imtended purpese satishes Lhe

n, it is uqeful to set up on the
Dhotometer the setting corresponding to one
of the limiting luminance ratios of table I;
then noncompliance is revealed by noting
whether the test piece is darker than the
white analogue plus the transmittance stand-
ard.

(See following figures 1 through 4,)

This standard is a part of Section Iii, Part 4, of the Federal Standard Stock Catalog.

% U. 5. GOVERNMENT PRINTING OFFICE: 1981

For sale by the Superintendent of Documents, Washington 25, D. €. Price 16 cents.
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