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Mleasurements were made on winter days at Hashington of the
brizghtness of the sky and of Navy grazy and white surfaces illuminated
by a 4 kilowstt searchlight. From the measurements 1t is estimuated
that to make the shadow zreas of surfaces of an airplane aloft approach
the sky in brizhtness

(Navy gray must be increased in brightness by 700 to 1000 .
foot candles.)

(White paint must be inecreased in brightness by 500 to 800
foot candles.)

This requires an illumination of

(2100 to 3000 foot cendles.)
(750 to 1200 foot candles.)

which reguires

(50 to 75 kilowatis)

for each 100 f 1lum! .
(15 to 25 kilowatts) or each 100 square feet of illuminated area
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CHAPTER 1

IETRODUCTION

References: (a) Bukero.let.her-E-22-EP(F29-5) of 3/1/34.
(b) OpNav.let. Go-22-B(SC)A21 Serial 1467 of 11/9/35.
(c) Bukero.let.ier-E-252-3L(F39-5) of 11/23/35.

AUTHORIZATION

1. =~ This problem was suthorized by reference (z). References
{v) and (c) are also pertinent.

Ze The suggestion has been made, references (b) and (c), that the
vigibility of an airplane in the daytime viewed against a sky background
micht be reduced by illuminating with artificial lights on the plune those

i
creas which are in shadow and hence usuuzlly darxer than the sky backzround.
stinztes were requested bzsed on any reasongble assumptions of the amount
of illumination necessary. 1t was realized that the suggestion iz an old
one; it is mentioned in reports of the World War, but as far as is known,
no attempt has been made to put it into practice.

SCOPE OF THE PREGENT REPGHT

5]

g%

e is described ian the following paragraphs, messurements have
been made of the brightness of the sky in the daytime in sunny and cloudy
wmeather of various surfaces in shadow with and without artificial illumina-

tion. From these data estimates are mude of the airplane lighting instzal-
lation which indicate that =zt lcast a one kilowatt light, or the equivelent,
for each four square feet is necessary.

Lo Probebly first thoughts in connection with the scheme are
somewhat as follows: 4n airplane is at a distence of & few miles from ar
ohserver at sea level and at an zltitude of several thuﬂodﬂd feet. It is
assuned to appear to the obssrver as a small dark object ageinst the sky.
Suppose that there were lizhts properly disposed on the plane to illuminate
he dark portions of the plane. The pilot turns on the lizhts and slowly
nereases their intensity by turning & hzudle. To the observer viswing
e ai pluqe from below the plane becomes less dark and i ts contrast with
the sky background becomes less. When the plane becomes as bright as the
sky backgrouad it venishes from the view of the observer. Conceivably, the
nilot coulu be provided with & littie optical gadget which would enable
nim to tell when he had sdiusted the intensity of the illumination to the
ecorrect value.

t'.’r

cr B oo l.(nf
L

(1]

"

uud, the picture is entlicing,
ies immediately come to mind, it
h care to estimate how much

d to produce appreciable effects.

Se These ideas are theoretically
and although obvious practical difficul
seemed of value to examine the ideas wi

ertificial illumination wight be requir

E"! U

S In this report the correctness of the assumption that the plane
appear as a dark objsct against the sky is nol discussed. Occasionally,
of course, a Navy gray plane appears bri sky.

i
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CHAPTER II

-l\J_ MHI inE";mS

{1) Heasuremeants of Brightness of Sky and Various Surfaces.

Te Measurements were made of the brightness of & cloudless
sky and of a sky covered with clouds on mid-winter days a tbi Labora-~
tory. The sky brightnssses in foot-candles cre given in ?aale 1 for
various compass directions and altitudes above the horizon. The measure-
ments were made with o Macbeth Illuminometer, Leeds and Horthrun Company.
1t is seém from Tsble 1 that for the sun at an aliitude of about 30° the
brichtness of the sky in regions not too close to the horizon was around
1000 foot-candles in both clear end cloudy weather. This iz of cource
a very rough average statement; heavy clouds are darker and thin clouds

are 5T|5h er than 1000 foot-candles. Ouch & case 1s shown in the data
of the last column of Table 1, for when the data were taken the clouds
to the east were heavy and dark, and to the west and overhead were
thinner and much lighter.

Table 1

Brizhtness of Sky ia Foot Candles at Viashington

Dec. 19, 1935 Dec.13,1935
Direction Altitude Clear, 1 P.i. Cloudy, 10:30 ALM.
North 59 1220 foot candles 420 foot cendles
30° 900 950
60° 830 ; 1230
East 59 1030 330
30° 960 810
60° 750 ' 570
South 50 1800 500
30° near sun, greater 1280
. than 3000

60° 2200 1150
West 50 1600 670
30° 1540 1020
60° 1200 1300
Zenith 700 1300

8. The brightness of a Navy gray surface held vertical on the

roof of the Lasboratory was zbout 250 foot-candles in cloudy weazther
durinz the middle hours of a winter day; and was around 300 foot-candles
in clear weather, the surface being in shadow. The brightness of white
paper —- white blottiag paoer was used — was about 460 and 500 foot—
candles under similar conditions. The effects and numericel value

are shown in the right-hand pictures of Plates 2 and 4.
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P The brizhtness of the ucderneuth side of
gray surisce held about 12 fect above the rocf
ebout 80 and 100 foot-candles duriag
cloudy and clear weather, rcupsctiveiy. The bril
blotting paper surfsace under respectively siumila
and 200 foot-cendles. The effects &nd numerical val
right-hand pictures of Plates 3 and 5.
10. From the foregoing date for altitudes of
30° the following conclucions emerges
To match the average brighiness of the daylight
must be added & brightness of approximctely
Rule (2) 700 foot candles on the side of
Nevy gzruy surface in shudow,

of the Laboralory
the midule hours of a winter day
ightness of a white

r condlitions

GNP

IR L | I, S T e
o norisonuel Nevy

WaD

in

Was j.i:":‘i
ues are shown in the

the sun not above

Rule (b 500 foot candles on the side of a vertical
white paper surface in shudow,
Fule (c 1000 foot candles on the undernecth side
of & horizontal iavy groy suriace,
fule {d) 800 foot candles oa the underneath side of
& hnorizontsl white puper surluce.
These conclusions mey be condensel into the rough working statement,
Fule (e) The shadowi areas of a Navy Zray &ana a

ite paluted wirplene cloft in
must be increased in brightness
1000 foot candles and by 300 to

the daytinme
by 700 to
800 fool

candles, "eqnectlvely, to match the brl G4

of the average oky for sular aitiluces vot

ooy .

Loove /ll
For soler sititudes ahove 20%, s in bright tropical westher, probubly
grester numbers of foot-candles than those just mentioned aie noceosir).

of « liavy groy
to 35 percent,
vout 2/3 or 60 to 70 percecti.
The illumination supplied by
Jdefinition the brigntoness 1o Fiic
wiile surfece at that plsce. =
diffuse reflectivity of 1 cor br
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in order

s or 2100 to 300
o brignlen a
2 to 800 foot

3 e i
vide 3 times these numbe
foot candles. Simila
white nainted surface by 5
candles the illuminsnt must provide 3/2 times

i

these numbers or 750 to 1230

b

Hh
Fad
A

oot candles.

(2) Experiments with Searchlizht Illumination

1l. To test these conclusiocns various surfaces were illuminated
with a2 24 inch carbon arc searchlight teking 100 amperes &t 40 voltis or
L kilowatts. The arrangements are shown ln Plate 1. Pholozrapns of
Navy groy and white blotting paper illuminated by the searchlizht in clear
and cloudy weather are shown in Plates 2, 3:and 4, and of a white wa
none too clean, in Plate 6. The measured brightnesses of the sky &
the surfaces are marked on the photographs. The surfaces were in a
cases about 10 feet from the searchlight. In the vertical position
t

S,
Plates 2 end 4, the surfaces were normal to the beam, the illuminated
area being about 1.2 feet in radius or 4 square feet. In the horiazontal
sositions, Plates 3 and 5, the surfaces were at &n angle of 30° to the
beam, the illuminated areu being sbout 8 square fect; in this ccoe, the
surfaces were supporied above the seurchlight, and the searchlight bewn
mo.

directed up on to them st an angle of 30° to the horizentsl. The dark
scgment in the circular beam of the searchlight, visible in most of
the Plates and particularly in Plate 1, was the shadow of the carbon
supports of the searchlight.

12. cuslitatively, it is seen from the Plates that the / kilo-
wett searchlight illuminzted 4 sg eet of a vertical surface of Navy
gray and of white blotbtiag peper sufl iciently to make them dbrighter than
the winter sky (Plates 2 and 4, left hend pictures); that it was sufficlent
to illuminate 8 square feet of & horizontazl white paper to ecual the oky
brightness (Plates 3 and 5, lower left hand pictures); and that it was
not sufficient to illuminate 8 square feet of a horigontul Kavy zray

surface to equel the sky brightness.

13 Quantitatively, the following calculation may be mades The
surfaces were about 10 feet from the searchlight. At thic digstance the

o

hrizhtness of the beem was about 1800 fooi candles over 4 square feet,
which mesns that the brighinsss of & perfectly white swrfuce norumsl to the
veam would be 1800 foot candles and at 30° to the beam would be -1300

cos 60° = 900 foot candles. Hence the Navy gray surface normacl to the
bean should be brizhtened 1/3 = 1800 = 600 foot candles and &t 30° to the
veam 1/3 x 900 = 300 foot candlss; similurly, the while paper should be
veizhtened 2/3 % 1800 = 1200 foot candles, and 2/3 x 300 = 600 foot
candles, respectively. These values are in rough cgreement with the ob-
served values ziven in Platec I to 53 the observed values are not very
acourate, being open to erroru of 10 or 15 sercent, due to strong wind,
unstendiness of arc searchlisht and variustions of daylight, distunces

and snzles. Referring to the experiment of Plate 6, the illuainztoed arse
of the well was 20 square feet; hence the searchlight shonld huve added
1200 x {4/20) = 240 foot candles, which agrees well enouzh with the ob-
served value 200 foot candles. -
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(3) Efficiency of Projection of Illumination

14. Engineering tables give the afficiencies of the open air
continuous current carbon arc aand of the zas filled tungsten lamp us
0.92 and 0.66 watts per spherical candle, respectively.

15. Therefore, the 4 kilowatt carbon azrc should yield
4000 ¢ 0.92 = 4400 foot candles spread over a spherical surface of 1
foot radius or 1l2.6 squere feet.

16. if this‘luminosity were compressed without loss, as by
nerfect reflectors and lenses, into 4 square feet, it should amount to
an illumination of

4400 x 12.6 ¢ 4 = 13600 foot candles.

17. In the case of the 4 kilowatt searchlight of the present
experiments the concave reflector occupied 1/4 of the total sphere; the
dizmeter of the reflector was 23 inches and the focal length 10 inches.
Therefore, 3/4 of the light was not used, being absorbed by the housing,
and the number 13600 must be reduced to 13600 # 4 = 3400 foot candles.

18. of ﬁhis only about 0.6 got into the beam becezuse of inter-
ception of light by the carbon supports, etc. Hence the luminosity of
the beam is approximately

0.6 x 3400 = 2000 foot candles.
This agrees well enough with the observed value 1800 foot candles.

19. The calcnlation brings out the well knowm fact that in the
/ ¥ilowatt 24 inech Navy searchllght more than 3/4 of the light pro-
duced at the carbons is immediately lost because of finite size of
reflector and unavoidable obstructions.

20. The gas filled tungsten lamp is slightly more efficlent
than the capbon arc, and reflectors or projection systems in special
cases of flood lighting and projected illumination can undoubtedly bde
made which are more efficient than that of the 24 inch searchlight, but
a projecting efficlency greuter thzn 50 percent would be difficult to
cbtain. The zeneral conclusion may be stated:

Rule (g) Illumination projectors using gas filled
tungsten lamps can probebly not be made to
yield & luminosity greater than 2000 foot
eandles over each 2 square feet of area for
each kilowatt of electrical energy put into
the lamps. -
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JONOLUSIONS AND DIcCULLION

Y - .
{1) Coneclusions
21. - The conclusions ewhodlied ian Rules (e), () and {g) may ve

gsumned briefly as follous

To muke the shadow ereas of surfaces of zn sirnlune alolt aprroach
the oky in brizhtaess

L 52e

. (Navy groy must be inc:ausad in Wrightacss by 700 to 1000 foot candles)
A (White paint must be lacrecssd iIa brighiness by 500 to €00 foot canule
his recuires an illbwainstion of
5 (2100 to 3000 foot canules)
(7r—0 to 1200 foot cundle J)
which requires
o SL to 1.5 kilowatts) for euch 2 squure feet
V35 o Db xilowat :,.‘:'.)
oirk
rm & tts n
Lo 75 kilowmaetts; . 3 .
n for each 100 square feel
b2 (l:’? tO s.._/ kilo‘ad t ) * ©

224 The conclusions just ziven are, If anything, undercstiuites.
For brighter conditions, as ia summer and in the bPuDlPu, when the eniire
scola of outdoor brightness mey be five tlmes that of winter days &t
Washington, greater values thun thoue ziven would be necessary. s light
instzllation on & plune must satlsfy coaditlons & to D to be apprc glably

effective, if it falls short of these by & factor of 2 it will DPuJa.lJ
yield nezligible and disuppolailng results.

23. It has been suzzested that conditions somptim s exist, &s for
example when the plane is above hasze, that so much light is reflected from
below up on to the plane that the shadow areas on the plane &re not very
derk and may therefore nced only & little added artifici el lizht to

eliminate them, The sznswer to the sug.estion is that in ell cases if the
sdded artificisl light is to have an aporeciable effect the emount added

must be grester then st least 1/3 of the light which is alrecdy tnere.

DECLASSIFIED S~
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AR The lighting instellation on the plane probably need not

soread the light uniformly with great exzctness, any inequalities of il-
The exact tint of the surfiaces
snd of the lights would apoear to be unimportent as long as the surfeces

luainetion would dissppesr wlth distance.

were somewhere near neutral and the lights somewhere necr white.
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| 300 F.C
SKY -960 FOOT CANOLES ./ SKY-960 FC. 1000 FC.

L
Athout searchlight dith sesrciiigit

Lavy Gray. Zlear 3ky.

SHY- 960 L. 500 FC. SKY-960 [C. /54?0 -
% 5

y P!

Ashout. searcalisiat wEAl searchlighv

¥ite Fapsr. _lear 3x¥.

iy sheder illumineted by a & kilowatt searchlighi el
a0t December 19, 1935, 1 peites clear, sunny day.

surfeces noraal fo beama
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SKY-800 FOOT CANOLES J%(?’*d%&%’/?li 52%? Fl.
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\

sith seercilight

7 aithout sesrcalight
SRS ' levy sray. Clear Sky.
SkY-800 FC 22%?1515 J@{)"é?ﬁ9z€22 200 F.C.
\ |

sitinuut searchlirit with searcnli it

inite Paper. Clear Jkye

Undernesth side of horizontal surfece illuminated by a 4 kilowati searchlignt

at distauce of 10 feet Decexber 19, 1925, 2 Deme, Clear, sunny daye
Surfaces at 60° to dirsction of beam.
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