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Twelve 420 watt lamps were mounted under the lower surfuce of the fuse-
lage of &n airplane. During three daytime flights of the plane observers
on the ground concluded that &t distunces up to about 2 miles the lights il-
Juminsted from one-fourth to one-half of the under surfzce of the fuselsge
to & brightness slightly less than that of & cloudy background and somewhat
greater then thet of a blue sky background. At distances from sbout 3 to 6
miles, when viewed with the unaided eye, neither the lights nor eny effect
of their illumination were perceptible.
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CHLPTER 1.

INTRODUCTION

AUTHCRIZATAON

1. The present tests were zuthorized by reference (z). Other cor-
respondence pertinent to this problem are listed &s references (b) to (d).

Reference: (&) Bu.Ahero.Conf.ltr.her-E-252-RL, F39-5 of 24 July 1936.

(b) OpNav ltr. Op-22-B(SC) 421 Seriasl 167 of 9 November
1935.

(¢) Bu.hero.ltr. Aer-E-252-RL (F39-5) of 23 November
1935.

(d) NRL Report No. H-1230, 20 Januery 1936, "Airplane
Camouflege, Preliminary Report on Reduction of Visi-
bility by Artificial Illuminstion".

HISTORICAL

2. 4 proposel originally made during the World Wer was restated in
references (b) end (c¢) to the effect that the visibility of an airplene in
the deytime viewed ageinst a sky background might be reduced by illuminzting
with lights on the plane those surfaces which are in shadow &nd hence darker
then the sky background. A laboratory investigation, reference (d), bearing
on the proposal wes cerried out which indiceted that en adequate illumination,
if provided by electric lights, would require not less than 100 watts elec-
trical energy for eech square foot of illuminated surface.

SCOPE OF THE PRECENT REPORT

3. As described in the following paragraphs, the proposzl has been
given & limited experimentel test. The restrictions imposed on the test were
thet the cost of the illuminating equipment be not greater than $500.00 end
that the plane be notincapacitated. A 5000 watt illumination was installed
on the under surface of the fuselage of & plane of area 40 square feet. During
tests in flight it was observed that the illumination had no apprecicble ef-
fect on the visibility of the plane &t distances beyond 3 miles.
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CHAPTER 2.

SUMIARY OF TESTS AND CONCLUSIONS

CONDITIONS OF TESTOS

e Twelve 420 watt tungsten lamps spaced sbout two feetl zpart were
mounted on the under surface of the fuselage of airplame Type XFF-1l. The
surface was polished aluminum. The plane was tested at the Nevel Alr Station,
knacostis, D.C., on October 1, 1936, between 10 A.M. and 3 P.M. in three
flights according to the following program: In ecch flight the plane mounted
to en altitude of about 5000 feet ebove the Air Station and flew &t this alti-
tude to & distence of about 6 miles in & direction roughly away from the sun
alternztely turning the lights on and off for 30 second intervals. The
weather was clear, no haze. During the single morning flight the sky was
covered with thinnish white clouds; during the two aftermoon flights mostly
blue sky appeared with few clouds.

5. The flights were observed from the ground by representatives from
the Burezu of Aeronsutics, the Naval Air Station and the Naval Research Lab-
oratory.

CONCLUSIONS
6. It was concluded:

(2) Thet et distences up to about 2 miles, when viewed with the unaided
eye, the lights illuminated roughly from one-fourth to one-half of the under
surfece of the fuselage to & brightness slightly less then that of a cloudy
background and somevhut greater then thet of & blue sky background for engles
to the sun greater than 30°.

(b) Thet &t distances from gbout 3 to 6 miles, when viewed with the un-
aided eye, neither the lights nor any effect of their illumination was per-
ceptible, the plane appesring &s & derk speck aguinst the sky background no
matter whether the lights were on or off. This was due to the fect that the
ertificiel illumination covered only & small portion, from 1/5 to 1/10, of
the totzl surfzce of the pline visible to the observer, the remaining 4/5 to
9/10, which was not illuminated, being the controlling factor in the appear-
ence of the plane.

(c) That in order to produce perceptible effects on the plane &s & whole
there would be required an artificiel illumination perhsps 10 times more ex-
tensive than that used and well spreed over the wings, vertical surfaces and
engine of the pleme. Such an illumination, in the case of electric lights,
would require upwerd of 50,000 watts power supply &nd would probably necessi-
tate rebuilding the entire plene for & correct instellation. Whether & cor-
rect instellation within practical limits could be designed is not certsin.

(d) That the proposal to reduce visibility by added illuminztion is besed
on the hypothesis that the unilluminated plene be darker then the background.
The hypothesis is often true, but not slways true, for sunlighted surfaces of
e Nevy grey or aluminum painted plene often appear brighter than the back-
ground, end in such case added illumination would increzse the visibility of
the plene.
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CHAPTER 3.

DETAILS OF TESTS

Details of Installsticn

7. A plane Type XFF-1 was used, the fuselage being of polished zluminum.
Twelve lending lights were mounted zbout 8 inches below the lower surface of
the fuseleage in two rows 25 inches epart, with six lights in a row spaced 25
inches apart. They illuminated about 40 squere feet. Photographs of the in-
stallation are shown in Plates 1 and 2. The lights required 12 volts and 35
amperes or 420 watts each, & total of sbout 5000 watts for the twelve lamps.
Therefore on 40 square feet there was provided an illumination energy of 5000
watts, or 120 watts per square foot. About 10 to 20 percent of the light was
wasted due to obstructions of the lamp mountings &nd to the fact that the re-
flectivity of the polished eluminum was sbout 75 percent. Herce illuminsation
energy from about 100 watts emerged from each squere foot of the illuminated
area.

8. The battery capacity was sufficient for supplying power to the
lights for ebout 20 minutes. A photograph of the battery instzllation is
shown in Plate 3. 4 list of the parts of the installation with weights is
given in Table 1.

TABLE 1.
Function Appereatus Weight

Power Supply 4 65 Amp.Hr. Batteries 280 1bs.

34 ft. cables ALP 11 15

2 releys 5

2 switches, Type A

and bracket 0.5

I1lumination 12 Mogul lamps, 25 V, 35 A 1.5

12 Mogul sockets 6
Supports Tubing and clamps 40

Total 348 1bs.

Tests in Flight

9. Observetions of the plane were made from the ground during three
flights at the Navel Air Station, Anacostis, D.C., on October 1, 1936, between
10 A.M. end 3 P.M. In each flight the plane mounted to an altitude of sbout
5000 feet above the Air Station and flew et this altitude to & distence of
about 6 miles in a direction roughly awey from the sun alternately turning the
lights off and on for 30 second intervals. The weather was clear with no haze
and good visibility.

10. First flight, 10 A.M. ©Sky covered with thimnish white clouds, the
day being moderately bright. At distances up to about 1 mile the individual
lights could be seen with the unsided eye. Beyond gbout 1.5 miles the individ-
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usl lights fused together and & portion of the fuselege, 1/4 to 1/2, appeared
to be illuminsted to & brightness a little less than, or perhaps equal to,

the brightness of the cloud background. The wings snd empennage areas, which
were greeter than that of the fuselege, remained derk. Photographs are shown
in Plates 4 end 5 of the plene with and without lights at distances of 1.3,
1.6, 2.3 and 2.6 miles. They were teken in rapic succession as the plene
moved sway. They give a fairly truthful representation of the way the plene
appeered to the eye. The enlergements on each plete offer no further informe-
tion; they are merely to aid the reader in looking &t the original pictures
and to save him the trouble of using a magnifying giless. When the plzne moved
to distences beyond 3 miles, the illuminction could not be seen, the plazne ap-
peering elways &s & dark speck against the clouds no metter whether the lights
were on or off.

11. Second flight, 2:20 P.M. OSunny, blue sky with few clouds. Against
the blue sky at distances up to 2 miles the unilluminated plene appeared some-
where neer the same brightness as the blue sky, except that during circling
et the initial pert of the flight a bright sun reflecticn occurred at times.
The lights appeared somewhat brighter than the sky. Photographs &re shown in
Plztes 6 end 7 of the plene with and without lights at distances 0.7, 0.9, 1.3
and 1.6 miles. Pictures (a) of Plates 6 and 7 do not &gree exactly with the
impression of the observers; they indicete a fairly great contrast in bright-
ness between the lights and the blue sky, wheress the cbservers' impression
was that the lights undoubtedly eppeared brighter than the sky, but not con-
siderebly brighter. The accentuated photographic contrast of the lights and
the sky is due to the reletive sensitivity of the panchrometic film used in
the camera to blue and to yellow-white light. At distances beyond 3 miles,
neither the lights nor any effect of their illumination could be seen, the
plene appesring always as & speck slightly derker than the blue sky.

12. Third flight, 2345 P.M. The third flight was sn immedizte repe-
tition of the second flight with identicsal results.

2 The orientation of the plene during the flights was such that
always more then half of the lights and of the illuminated aree was actually
exposed to the observers. The fact thet at distances beyond 3 miles neither
the lights nor any effect of their illumination were perceptible to the ob-
servers was due to the reletive smellness, sbout 1/5 to 1/10, of the illumin-
cted zreas &s compuared to that of the wnilluminated areas. The latter remained
dark aguinst the background and were the controlling fector in ceausing the
plane as & whole to appear as & dark speck.

14. In each case upon landing after the first and third flights two
lemps on the port side were broken. From the appeerance of the shattered
bulbs the demege was believed to have been czused by pebbles thrown back by
the gir stream from the propeller.

Discussion

15. The foregoing tests have brought out clearly that illuminating
& smell portion of & plane to a brightness comparable with that of the sky
background huad no perceptible effect on the visibility of the plene as & whole.
The tests have neither proved nor disproved the original proposal that en il-
lumination sufficient to brighten the entire plane to match the sky would re-
duce the vieibility of the plezne; from theory, i.e. common sense, the essen-
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tial correctness of the proposzl is not questioned. The tests have demon-
streted that practicel difficulties in installing &nd providing power for
such a complete installation will be great. In the event that & more complete
jnstellaticn were envisaged, the tests offer no informztion on questions of
its effectiveness snd control against a background of such varieble &nd

chenging brightnesc and color as the sky.
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Plate 3

Power supply for the illumination.
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(a) Lights on,distance
0.7 miles,against
blue sky.

(b),Lights off,distance (b) Enlarged 13 times.
0.9 miles,against
blua sky.

Plane against blue sky

Plate 6



(a) Lights on,distance (a) Enlarged 13 times,
l.3 miles,against blue sky
blue sky.

(b) Lights off,distance (b) Enlarged 13 times.,
1.6 miles,against
b lue sky.

Plane against blue sky.

Plate 7



