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ABSTRACT

An initial study has been made of the effect on the visibility of under-
water objects as seen by a diver working under water, of placing optical
filters in either the divine lamp or the diving helmet. It appears to be
quite conclusive that filters capable of transmitting the orange or yellow
wavelengths of visible radiation improve the visibility of the submerged
objects.



AU THORI ZATION

1. Tnis problem has been authorized by Bureau of Construction and
Repair letter $94-()-(l) (ME) of 24 September 1936.

STATEMENT OF P3OBLEM

2. The deep sea diver, when working under water, is at all times
laboring under many handicaps, thu greatest difficulty unaoubtedly being his
inability to see clearly under average working conditions. The visibility
ranges from a point at which the diver sees his work quite clearly to a point
where the water contains suspended mud anci silt in such quantities that the
diver works in total darkness. The Experimental Diving Unit at the Washing-
ton Navy Yard has been interested in the proolem of improving the diving
visibility and has accumulated considerable information, both through inquiry
and experimentation. Wishing to extend this investigation, the Diving Unit
requested aid of the Naval Research Laboratory and the work described in this
report is a result of the cooperation extunded to the Diving Unit.

METHODS

(a) Preliminary Experiments

3. As a preliminary experiment, a series of glass optical filters
was taken to the Experimental tank where submerged objects, illuminated with
a 250-watt incandescent lamp, were viewed through the observation port both
with the filters in the line of vision and removed. The opinion of a number
of observers appeared to be that only those filters the maximum transmission
of which was in the yellow or orange were of value, filters in the greens
and blues being detrimental to good vision. Of this series of filters,
three were chosen for extended observations, namely Corning #338 "Noviol"
Shade C (lemon yellow), Corning #246 (amber shade) which was especially
ground and polished by the Optical Shop, Navy Yard, Washington, D.C., and
Corning HR Red (orange red).

4. These three filters were given to fifteen of the most experienced
Naval divers who observed objects in the diving tank and used them in arc
welding operations. The filters were again taken under the surface of the
river to observe dock-piling when illuminated with the standard diving lamp.
The opinion of the observers gave preference to Corning "Noviol" Shade C as
the filter which improved visibility to the greatest extent.

(b) PhotoiraLRhlc Experiments

5. To determine whether or not a more definite choice of filters
could be made, the problem was approached from the photographic standpoint.
A corroded steel plate with holes punched in it and nut$ and bolts attached
to it was submerged in the Experimental Tank in suoh a position as to be
visible through an observation port. This plate was then ifliated by the
desired source of radiation so placed that through the port it was not visible
to the eye or camor, Photograph$ n Watten pxnd g.iiright Panchromatic
plates were Uten md-or oonstant conditions f t ±ditys diLtaAeU and timea

-1-



of exposure. In the photographs,the sharpness of the details of the corroded
plate with its nuts and bolts was taken as a criterion of the value of the
type of illumination as a means of underwater illumination. A series of 14
photographs was taken. From Plate 1 through Plate 7 the submerged object was
placed 30 inches from the observation port and the source of illumination
placed 20 inches from the plate. The tank was emptied and then filled with
clean oity water. However, due to the activities of the divers in arranging
the lamps and plate, considerable sediment was stirred up, much of which re-
mained in suspension during the experiments. The divers present during the
tests pronounced the water clearer than water in which submarine vwork is
usually carried on.

6. A measurement of the intensity of light from a tungsten bulb sit-
uated in the tank 150 centimeters from the port with the water in the tank
and again when the tank had been emptied gave an approximate value for the
coefficient of absorption X of the water, X being defined by

I = I 0c -X(x-xi )

where I and 10 are the intensities of the light, as measured by a Weston Ex-
posure Meter, with the tank full and empty, and (x - x1 ) the thickness of
water between the meter and source. The value of X was found to be 0.0188.

7. Plates 8 and 9 exhibit the appearance of the submerged plate
after it had been moved a distance of 60 inches from the observation port,
with the light source 50 inches from the object. Plates 10 through 14 show
the corroded plate after the tank water had been changed and the plate moved
again to within 30 inches of the observation port.

DATA OBTAINED

(a) Examination of Photographic PJates

8. Plate 1 shows the corroded steel plate in the tank illuminated
with a 2 50-watt "Photoflood #1" lamp placed in the diving lamp casing with
no optical filters in the light path. To the eye, the intervening water ap-
peared to be filled with a bright haze due to the light scattered by the sus-
pended matter. This bright haze confused very markedly the vision of the
person looking into the observation port. The sharp edges of the punched
holes, the slots in the bolt heads and the edges of the nuts became less dis-
tinguishable. However, after exchanging the clear bulb in the diving lamp
for a 250-watt amber colored bulb furnished by Morse & Company, makers ofdiving equipment, the bright haze between the observer's eye and the submerged
object became much less and the details of the plate stood out more clearly.
Plate 2 shows the photographic effect of this type of illumination. Plate 15
exhibits the optical transmission of the glass from which the lamp bulb is
made.

9. The diving light was replaced with a 250-watt "Photoflood" lamp
#1 and an optical filter made of Corning #246 glass placed in front. This
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glass is a yellowish amber color and its optical characteristics are shown in
Platel6. Plate 3 exhibits the appearance of the object under water when il-
luminated by the radiation through the #246 glass. The bright scattered
light was absent and the details of the plate stood out quite clearly.

10. Plate 4 shows the submerged steel plate illuminated by radiation
from the diving lamp in front of which was a filter of Corning "Noviol" Shade
C (lemon yellow), the optical characteristics of which are shown on Plate 17
Again the mass of scattered light was absent and the details of the plate ap
peared to bedome more discernible.

11. From the above described tests, one can say quite definitely that
any one of the filters tried improved the visibility of the corroded plate
with its nuts and bolts when placed in front of the diving lamp. However, to
say which filter was the best is much more difficult and a more extended in-
vestigation under more varied conditions is necessary.

12. Plates 5, 6 and 7 were taken with the submerged object illuminated
by the clear bulb "Photoflood" #1 lamp placed in the casing of the standard
diving lamp and the optical filters placed before the lens of the camera.
Plate 5 shows the effect of the Corning "Noviol" Shade C, Plate 6 Corning
#246, and Plate 7 a filter made of a reddish amber-colored glass called Corn-
ing HR Red. As one would expect, it appears both from visual observation
and from photographic examination that it is a matter of indifference, from
an optical standpoint, whether the filter is placed in front of the lamp or
held before the eye.

13. Plate 8 shows the submerged plate When it has been moved back
from the port to a distance of 60 inches and illuminated by the clear diving
lamp placed 50 inches from it. The water was quite full of suspended matter
due to the activities of the divers working in the tank; however, the silt
was allowed to settle until a constant condition of turbidity was reached.

34. lhen the plate was observed through the port illuminated by the
clear Oiign lamp, the scattered light was so intense that the eye was blinded
to such an extent that the details of the plate were quite indistinct. Three
filters, namely Corning ItNovioli Shade G, ornin #246 and Coring Red,
were in turn placed before the diving lamp. Tn each Aes the bright scat-
tered light became much less pronoutced and the details of the plates became
more distingui!shable, athough of course :puch less so than whon the plate
Was 30 inchus fromi the pot

15. Plate 8 Is a photograph of the submerged object illuminated with
the clear diving lamp, while Plate 9 shoWs the submerged plate illi nated by
radiation from the dii lampwhich hap passed thro gh the "ovol4" Shade C
filter, With this illim!nation, the nts vzd ibolt hesa were more clearly
seen.

(b) Experixentg -with the iviggAtAnk flAd,,11h"U N"~

16. A series of experiments were plawAd to t4ot the eCC0t of the
orange and y*enow ptjhal filters on the twi *ft o 4ltte M4eW *tter
W~t5r COUtedpag 0DqUO SuApendedl 10diment to O~vUb*t M x~,o4 po~r diving



conditions. The diving tank was filled with water directly from the river
and the corroded plate and the sources of illumination were replaced therein.

17. Nothing could be seen through the port unless the plate was within
6 inches of the port. The intervening water was a mass of brilliant light
due to the scattering of the incident beam. Photographic records were hope.-
less under these conditions.

18. The water was diluted to approximately 50% of the original tur-
bidity, but the visibility was not improved. The experiments were abandoned.

(c) Appearance of Submerged Objects When Illuminated by Radiation
from a Sodiup and a Mercury Light.

19. The tank was emptied and refilled with clean city water, the co--
roded steel plate placed 30 inches from the port and the source of illumina-
tion 20 inches in front of the plate. The water appeared to have less sus-
pended matter in it than in the previous work, consequently the data obtained
cannot be compared with that previously obtained.

20. Plate 10 shows the appearance of the submerged plate when illum-
inated with a large General Electric sodium vapor lamp enclosed in a water-
tight casing. To the eye, the plate and its details were very clearly visible
and the scattered light between the observer and the object did not appear
to be very intense. Plate 11 shows the submerged object again illuminated
with the radiation from the sodium light with an Eastman K-3 filter in front
of the camera lens. There is no difference in the contrast shown by the photo-
graphic plates in these two exposures.

21. Plate 12 shows the submerged object again illuminated by the clear
diving lamp in front of which was filter of Corning "Noviol" Shade C. A com-
parison of Plates 11 and 12 shows the two sources of illumination to be of
about equal value, which observation is supported by visual trials. In Plate
13 an Eastman K-3 filter was placed in front of the camera lens with no no-
ticeable effect.

22. Finally, Plate 14 shows the submerged plate illuminated by radia-
tion from a high power G-E Mercury vapor lamp enclosed in a watertight casing.
As was expected, to the eye the details of the plate were quite indistinct,
since the eye loses its sensitivity quite rapidly as the wavelength of radia-
tion decreases; and, as is well known, the mercury arc is rich in radiation
in the blue region. The photographic plate, which is sensitive to the lower
wavelengths, would be expected to show about as much contrast as with othertypes of illumination.

CONCLUSIONS

23. It appears to be qdite well established in this series of experi-
ments that an optical filter with maximum transmission in the yellow materially
improves the visibility of submerged objects as seen by a diver working under
ordinary conditions. However, one must realize when the quantity of sediment
in the water exceeds a certain value, the diver works in darkness and no
Optical filter can be of assistance.
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