UNCLASSIFIED

AD_ f# 94000

DEFENSE DOCUMENTATION GENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION ALEXANDRIA. VIRGINIA

UNCLASSIFIED-



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby lncurs no responsibility, nor any
- obligation whatsoever; and the fact that the Govern-
ment mey have formilated, furnished, or in any wey
supplied the sald drawligs, speclfications, or other
.data 18 not to be regarded by impllication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented 1nvegtion that may in any way be related
thereto. i :




B ey

@W«w 0 0 15

ARG TN Seg s

/7

o —————

@l

13é<\

e
e F
*

Pl

T
wars

ea

3

YN

P e

LS Junpemy @)7,

CI\AWMW
2

%M

%1
G
=
-]
=
.g,_‘
=

2
=5

Number of rapges:

huthorization:

[y \

®
)

«_NRG W-u 1334 )
s ity oty Lt I oo T e

NaVY LEPRaTMENT

BURLal OF EnolbipkRhING

keport on

T

Text - 5
Bu.C&R Lltr. 594~(¥)-(1) (ME) of 24 September 1936.

N .
Undervater ViSibili?i;”,mﬂj

N

AN
\

AN
NaVAL HLoEARCH LABOHATORY
ARACOLTIA oOTATIUN
YuShiNUTON IC

Plates - 17

Dates of Test 7-27 Octulli® -363
/k’.'ey‘l'

Prep«red by
@ Assoclate Physicist.

Reviewed by:

E.0. Hulburt, Principul Physicist,

Swerintendent of Division of Physical Optics.

spproved by:

Distribution:

H.M, COoloy, Captuin, U,.S.N.,

?*3 ¥") gnﬁ

.-...‘ \r

Diroctor. nxrm,ﬂ‘,m;w 3 P P]
; A 271066
‘LJL_J._., 'JlJ Lt
A 5
}éé;l :ES—‘// ‘3?\¢ES'“2> )/, 5;;:E;7l~q¢~42=__;



TaBLL OF CONTENTS

Supject
ABSTRACT
AUTHORIZATION. « v v v v o v o o v v e n e v a e e s o e e e e
STATEMENT OF PROBLEM + . . .+ ¢ ¢ ¢ v 4 v v v e o a s 2 o v o

METHODS
(a) Preliminary Experiments. . . . . ¢« v v v v v « v v v 0 o .
(b) Photographic Experiments . . « o . o v 4 0 . 4w 04

DATA OBTAINED
{a) kxaminatiun of Photographic Plates . . . . . .
(b) Experiments with the Divin, Tenk Filled
with River Water. . . . « « e
(c) appearunce of Sumeryged vbJecLs nhen Illumlnrt 4 DJ
Radiation from a Sodium and & Mercury Li ht . .

CONCLUSIUHE. © w v v 6 v v v v 6 v o 0 o o 0 @ 0 s 0 v o s o 0 v o

Appendices

Submerged plute 1lluminatea witn "Photolilood"

lamp. Ko filterc in Light putn, o o o e e b e e s
Submerged plate illuminated with woter LulUr”d tusl

furnishea by Charies Morse & LoUpany « o ¢ v o o v o 0 o o o s
Submerged piste illuminated with "Fhotoflood" Ramy

with opticul tilter of Corning #<46 glass. . . . . . , .
bubmer;ed plate iiluminutea with "Fhotofiona" Llamp

with vptical filter of Corning glass "Novisl" bShade Co o o . .
Sutmerged plate iiluminsted with "Fhotoflouod" lamp with optical

filter of Corning glass "lNoviol" Shade C in front of camera lens
Submerged plate illuminated with "Fhotoflood" luwmp with optlcal

filter of Corning pluss #246 in tfront of camera lens . . . . . .
Submerged plate illumingted with "Fhotoflood" lamn with Corning

glass HK Red in front of camera lens . . . Ch e e e e e
Submerged plate illuminuted with "Photol'lood™ lamp. Ho

filter in light path. Plate 60 inches from observa-

tion port. « . . < 4 . . . s e . e e e e e e e 0 e e
Submerged plate illuminated w1th "Photoflood" ldmp with optical

filter Coruing glass "Noviol® Shade C. rPlate 60 inches

from obgervation port. « + « « « ¢« . . Ve e e e e e
Submerged plate illuminsted with G-E Sodium Vapor Lamp e e e e e
Submerged plute illuminuted with G-E Sodium Vapor lamp with

Eastnan K~3 filter in front of camera lens . . o . & o o o o 4 o

. Plute

Plate
Plate

Plate

. Plate

Plate

Plate
Plate

Plaute

L
.

10.

11, .

L



e

& o)

e ot e o o

vublerged paate liuming ol with poondard doving Llaing

with opriced tilter Corning "ooviot" Onuwde C In Light path,
sutmerged pluate illuminated with standurt siving lowp with

optice. filter Corning “Noviol" buuiae € in light path

and bastman K-3 filter in front of comers leveo o 0 0 L .
tubmer;ed plate illuwimuoed with G- Mercury Vapor lamp . + .+ &
Opticel trunemission of urving lewp furnished by Chartes

Morse and COMPUNY. « v « o v v v o o & o o o o & o o s o »
Optical trunsmission of Corning gless £245 o v v s o v o v 4

Opticul tronsmission of Corulng geuss "Hovaol" Shoue €, o o . .

FLte

Plate
Plute

Plate
Plite
Picte

1.
LE,
7.




ity T e, e

\ - ABRIRACLT

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 diving 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 vigibility of the submerged
objects. ‘ e
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1. Tinie provlem has been authorized uy Bureau of Constructizn nua
Repair letter 894-(3)~(1) (ME) of x4 September 1936,

‘ STATHHENT OF PROsLE

Ly 2. The deep sea div.r, when working under wat.r, is at oll tumes

‘ laboring under muny handicul., thc grestest difficulty unacubtedly beins Lis
inability to see cleariy under average working conaitions. 1he visibitity
ranges from a point at which the diver secs hls work quite crearly Lo o joint
where the water conteins suspended mud cnu sitt in such quantitics toot *n.
diver works in total darkness. The Experimontel Diving Unit ec th. Veshing-
ton Navy Yurd has been interestoud in the proolem ot improvin, the diving
visioility and has sccumulated consideruble intorm-tion, ooth through inguiry
and experimentation. Wisning to extend thus inveéstigation, bthe Diving Unit
requested Lid of the Naval Rescarch Laboratory und the work deseriled in tnis
report is a result of the cooperstion ext.nded to the Diving Unit.

METHOLS

{a) Preliminary Experiments

3. As a preliminary experiment, . s.rics of glass oplicsl filters
was tuken to the Experimentul tank where submerped objects, illuminated with
a 250-watt incandescent lamp, were viewed through the observation port roth
with the filters in the line of vision und removed. The .pinion of & numver
of observers appeared to be that only those filters the muximum trensmission
of which wus in the yellow or orunge were of value, filters in the greens
and blues being detrimental to good visiocu. f thisg series of filtrr.,
three were chosen for extended observations, namely Corning #338 "Roviol'"

- Shade C (lemon yellow), Corning, #246 (amber shade) which was especinlly
- ground and polished by the Opticul Shop, Navy Yurd, Washington, U.C.,, wnd
Corning HR Red (orange red).

b These three filters wvere given to fifteen of the wost experienced
Naval divers who observed objects in the aiviang tunk and used them in arc
welding operations. The filters were aguin taken under the surface of the
river to observe dock-plling when illuminuted with the standard diving lamp,
The opinion of the observers guve prefurence to Corning "Noviol" Shade C us
the filter which improved visibility to the grcatest extent.

" (b) Photographic Experiments

5 To determine whether or not a more definite choice of tilters
could be made, the problem war approuched from the ghotographic standpoint,
A corroded stecl plate with holcs punched in it and nuts and bolts sttached
_ to it was submerged in the Experimentul Tunk in such u position 48 to be :
. visible through un observation port., This plate wes then illuminated by the
" desired source of rudiation so pluced that through the port it was not visible
to the eye or cumera. Photographs using Wratten and Walnwright Fanchromatic
plates were tauken under constant conditions of turbidity, distunce znd times
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of exposure. In the photographs,the sharpness of the details of the core i
plate with 1ts nuts and bolts was taken as a criterion of the wvuluc ot the

‘type of illumination &s a means of underwster illumination. a series of s

vhotogrdphs was taken. From Plate ) through Plate 7 the sutnerped object wot
placed 30 inches from the observation port and the scurce of illumination
placed 20 inches from the plate. The tank was emptied ana then filled with
clean city water. However, due to the activities ol the -divers in arranglt
the lampsg and plate, considerable sedimént was stirred up, much of .which 71 -
mained in suspension during the experiments., The divers present during the
tests pronounced the wuter cleurer than weter in waici: suumarine work is
usually carried on.

6. A measurement of the intensity or lLight from u tungsten bulb =i’
uated in the tank 15U centimeters frum the port with the water in the tank
and again when the tank had been ewmptiea jave an approximate vasue tor the
coefricient ol absorption A of the water, A beiny defineid by

1=1¢"" (x-xy)

where I &nd I, are the intensitics of the lignt, as neasured by a Weston ix-
posure Meter, with the tank full and empty, and (x - xl) the thickncss ol
water between the meter und source. The value of A was found to be v.0132.

7. Plates 8 and 9 exhibit the appearunce of the submerged plate
after it hud been moved & 4istance of 60U inches from the obsurvaticn port,
with the light source 50 inches from the object. Plates L0 through 14 show
the corroded plate after the tank water hud been changed ana the plate moved
again to within 30 inches of the observation port.

DATA OBTAINED
(a) Examination of Photographic Plates

s

.

8. Plate 1 shows the corroded steel plate in the tank illuminated

.with a 250-watt "Fhotoflood #1" lamp placed in the diving lump cusing with

no optical filters in the light path. To the eye, the intervering 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 tne vision of the
person looking into the observation port. The shurp edges of the "punched
noles, the slots in'the bolt heads and th. eapes of the nutg became loss dis-
tinguishable., However, after uxchanging the clewr tulb in the diving lamp
for u 250-watt amber colored butd furnished by Morse & Coupuny, mukers of

diving equipment, the bright haze between the observer's eye anc the submerped

object becume much lcss and the details of the piste stoou out Wore cléurly.
Plate 2 shows the photographic eflect of this type of illufination. Flate 15
exhibits the opticel trunsmission of the glugs rrom which the lump bulb ie
mude. -

- 9. . 1The diving light{ was replaced vith a 250-wutt "Photoflood“ iamp
ﬂ «nd an opticel filter made of Corning #2b giass placcd in front. This

1l

1



suy wnich filter was tne best is much more wifficult and o moere extondea ir-
vestigation under morc varied conditions is necessary.

. glass is a yellowish amber color wnd its opticual charuct.oristsus s« Sioar im
T Platelb., Plate 3 exhibits the appesurance of the sbject weder water woaen ii-
% | luminated by the radiation through the #246 gluvs., The brismt scattesed
I lignt was sbsent und the details of the plate stood out juite coenrly.
§ 10, Plate 4 shows thye submerged steel ﬁintr iliumina b sl by rauiation
;o from the diving lemp in front of which was a fiiter of Curnine "N.vioi™ Sh.t.
,?5 ¢ {lemon yellow), tne optiecal churacteristics of wilch wre suuwn on Fiute 17
- Agein the moss of scuttered light wus absent and the delalls of tne ploate )
- peared to bedome more discernible.
® .
X 11, From the wbove described tests, one cun suy .uite definitery tu- -
2 any one of the filters tried improved the visibility of the correaed piot.,
Qi . with its nuts ‘and bolts when pluced in front of the diving lamp., Hovever, o
% |

12, Plates 5, 6.and 7 were taken with the submergea objecl iiluming.
by the clear bulb "Photoflood" #1 lump placed in the casing of the otamdara
diving lamp and the optical filters pluaces L.otore the lensg of the cumora.
Plute 5 shows the effect of the Corning "Nuviol" Shade €, Flute & Lorning
#246, and Plate 7 a filter nmade of a reddish wmber-cotored gless ecalled (ur o~
.+ inp HR Red. As one would expect, it sppesrs both from visual obsurviticn
2 ) and from photographic exumination thut it it & matter of inaitfervnce, frowu
3 . en optical standpoint, whebl .r tho ri_tur 1: placed in fromt of the Limp or
held before the eye. :

13. Plate 8 shows the submerged plate when it has been mov.u buck
from the port to a distance of 6U inches and illuminated by the cicer diving
lamp placed 50 inches from it. The water wus yuite full of suspended matter
due to.*he activities of the divers working in the tank; however, the silt
was ‘wi.oo.ed to settle until a constant condition of turbidity was recached.

+ 14. , When the plate wus observed through the port illuminuted vy the

to such an extent that the details oi the plute were quite indistinct. Three
filters, namely Corning "Noviol® Shade C, Corning #2406 and Corning HR Red,
! were in turn placed before the diving lamp. In each case, the bright scat-
tered light became much less pronounced and the details of the plates becauze
- . sore distinguishable, clthough of course much loss so than vhen the plate
- %28 30 inchus from the port:
. -

15. Plate 8 ia a photogrnph of the submerged object illuminateu with
the clesr diy lamp, while Plate 9 shows the submerged plate iliuminited by
adjation ‘Crom the diving lump which has passed through the "Noviol" Shade C
e ltth this ulun.tuuon, the nuts snd bolt heads were morc alurly

5

[}

‘ag thg viq;hﬁ;i;m of .anjecta \mdor nmt.ax-
diment to sioainti -“lymra;ving

o - -

7idlg;§§ z;vgr water S

¢lear diving lump, the scattered light was so intense thut ‘the sye was blinded f

+
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conditions. The diving tank was filled with water directiy 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.

13. The water was diluted to approximately 5C% 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 g Sodiup snd a MWercury Light.

19. The tank was emptied and refilled with clean city water, the co--
roded steel plate placed 3V inches from the port and the source of illuminz-
tion 20 inches in front of the plate. The water sppeared to have less sus-
pended matter in it than in the previous work, consequently the data obtain -
cannot be compared with that previously obtained.

20 Plate 10 shows the appearance of the submerged plate wher 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 cleurly visible
and the scattered light between the observer and the object did not ippesr
to be very intense. Plate 1l shows the submeryed object apain illundinited
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 contrust shown by the photo- -
graphic plates in these two exposures. :

21, Plate 12 shows the submerged ovject apuin illuminated by tne clear
diving lamp in front of which was filter of Corning "Noviol" Shude T. A com-
" parisor of Plates 1l and 12 shows the two sources of illuminatiion to be of
about equal value, which observation is supported by visuul trials. Iu FPlate
13 an Eastman K-3 filter was placed in front of the Gamera lens with no no-
ticeable effect. o

§ 22. Finally, Plate 14 shows the submerged plate illuminsted by radis-

! tion from a high power G-E Mercury vapor femp enclosed in a wuatertignt casing.

| As wus expected, to the.eye tnu dotails of the plate were quite indistinct,

f since the eye loses its sensitivity quite rapidly as the wavelength of radis-~

j tion decreases; and, as is well kriown, the mercury arc is rich in radiation
in the blue region. The photographic plate, which i scnsitive to the lower
wavelengths, would be oxpested to show ubout as much contrusl as with other
types of illumination. v ‘ ‘

. GONCLUSIONS S o

&3 It appesrs to be quite well established in this suries of experi-
ments that an optical-filter with muxipum trunsmission in the yellow muterinlly
fmproves the visibiiity of submerged objects as seen by a diver working under
inary conditions. However, one mugt resiise when the quantdity oi‘q;dlmwnt o
. the watur excesds a certain value, the diver works in darknegp and no o
‘optioal filter cun be of assistence. ‘ - ER :

.%

©
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Kiy o Furtber experiments are in progress to deterwine wore securatsl.
the optical churucteristics of the fiiter which will imjrove the visibili:,
ol submerged objects tu the greatest extent.
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SOURCE OF ILLUMINGTION —~FHOTO FLOOO 250 WRT TS~
NO FILTERS 1Y THE LISHT PRTH. 70 THE EYE THE FIELP
RPPERRS VERY DRIGNT, THE PLRTE CRN BE SEEN, OUT

THE SCRTTERED LIBNT MABRES /7 GIFFICULT 70 PER-
C["/Vé' 7//!" DETRIS OF THE PLRTE.

PLATE ]

o
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SOURCE OF HLUMINGTION, ~ AMBER COLORED BULB, 250
WRTT FURNISHED BY MORSE & COMFRNY FOR THE NIV
DIVING LAMP THE PLATE WRS QUITE PLRINLY SEEN
BY THE EYE.
3 ’ O . |
v
v © . | & N
¥, ‘ ‘
T er =
[ . 3 ’
PLATE Z



v
%ﬁ

st o aonpitikiieie k2 At

A / SOURCE OF ILLUMINATION - PHOTO FLOOD 250 W7 75~

T _ R FILTER OF B.GLASS LRABELED CORNING *29€ " SPECILL >
C ‘ POLISHED BY THE OFPTICRL SHNOE MPV) IRRD, WASK OC
RS PLACED IfY FRONT OF THE SOURCE. JO THE £YE THE
DETRILS OF THE PLRTE BECANE CLERRER WHEN THE

| FULTER - NWAS PLRCED OVER THE LAMPS.

Le PLATE 3




SOURCE OF ILLUMINATION - PHOTD fzmp‘: 250 WRTTS —
B FILTER OF CORNING NovifL" SHROE €' (LEMON YELLONW)

WS PLECED IV FRONT OF THE LIGKHT SOURCE - THE MP55

OF SCRTTERED LIGHT BECRNE LESS FND THE DETHAILS
OF THE PLRATE RPPESRED T0 BECONE MORE DISCERNIBLE,

HOWEVER, THEY COULD BE SEEN ONLY WITH DIFFICOLTY.
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: o BOURCE OF HLUMINATION - FROTO FLO0D " 250 WRTTS |
i N R FITER OF CORNING NowiL  SHELE T (LEMON YilLow)
| A T WS PLECED IfY FRONT OF THE CAMERS LENS WHEN THE
et EVE WRS PLECEL /WY THE POSITION OF IHE CAMERS LENS
T THE SCRTTERED LIBHT i THE WATER BECIMNE (LESS ’
L ANO THE PETENS QF THE PLRTE BECRME CLEZRER.
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‘ - SOURCE OF ILLUMINATION - PHOTO FLOOD 250 WHTTS
! L A FILTER OF CORNING #2906 SPECIFLLY POLISHED BY

- L THE OPTICAL SHOP, WRVY YRRD, WRSH. D.C. WAS PLECED
" I FRONT OF THE COMERS LENS. WHEN THE EX6 MRS

. | PLRCED /1 THE POSITION OF THE CANERR LENS THE
SCARTTERED LISHT IN.THE WRATER BLCRNE LESS N0
THE DETRILS OF THE PLATE BECAME CLEARER .
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L SOURCE OF LLUMINATION - FHOTO FLOGD" 250 WETTS -
R R FILTER, CORNING NR RED, OF @ REPOISH FHBER (oLoR
e, MBS PLRCED I FRONT OF THE CANERR LENS. THE
s SCATTERED LIGHT BECRNIE LESS INTENSE AND THE
S DETHIS OF THE PLATE BECRIIE CLERRER.
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- SOURCE OF ILLUMINRTION ~PHOTO FLODD' 250 WRT7s —
NG FILTER IV THE LIGHT FRTHK. JO THE £XE THE PLRTE

L WRS SEEN WITH GRERT DIFFICULTY BECAYSE OF THE

 INTERVENING MRS5S OF SCR7TERED LIGHT:
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SOURCE OF ILLYMINRTION -~ PHOTE FL 000" 250 WRTTS"
THE CORNING NOVIRL' SHAE C" LEMON YELLOW) FILTER
WRS PLRCED /N FRONT OF THE DIVING LAMP. TO THE
" EYE THE MRSS OF SCRTTERED LIGHT BETWEEN THE
EYE RN THE PLRTE LRRGELY DISRFFERRED.
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6.E. SOOIUM VRFOR LIANP USED RS B SOURCE OF /. -
LUMINRTION ~NO FILTER /N LISHT PRTH. 70 THE EVE
THE PLATE NP5 QUITE V/ISIBLE AND THE DEIR/LS
QUITE CLERR. THERE DID NOT RPPERR 70 BE THE

WRZED SCRTTERED LIGHT.
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G. E. SOLIUM ¥APOR LAMPS USED S 7 SOURLE OF /. — )
LUMINATION — ERSTMEN K-3 FILTER /N FRON T OF ‘
CAMERR . ‘
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STANDRRD DIVING LAMPS USED RS R SOURCE OF /L -
CUMINRTION ~ THE CORNING IOVIRL" SHRDE ©"((EMON

| YELLOW) FILTER WRS PLRCED IN FRONT OF THE DIVING
LAMPS. JO THE EYE THE DETRILS OF THE PLATE WERE
QUITE DISCERN/BLE .
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o ‘ STRNORRY CIVING LRMP USED A5 7 SOURCE OF ILLUAN ~

 WRTION ~ THE CORNING NOVIFL SHADE T Emon YELLon)
FILTER WRS PLACED IN [FRONT OF THE DIVING LANP.
ERSTMAN K-3 FILTER m75 PLACED IfY FRONT OF THE
COMERR. . :
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6. E.MERCURY VAPOR LAMPS WIGH INTENSITY WERE USED
RS B SOURCE. NO FILTERS I THE LIGHT FRTHN. 70 THE E)E
THE PLRTE WS NOT WELL ILLUNINRTED ALTHO THE

DETAILS COULD BE DIMLY SEEN.
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