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PREFACE

Fundamental studies of underwater photography by means of
artificial light currently in progress in the Visibility Laboratory
have revived interest in an internal memorandum written in 1953 in
the course of solving a specific Navy photographic problem, A
reproduction of that memorandum is hereby issued as a Laboratory
report. An added appendix indicates applications of the memorandum
to related but different underwater photographic problems, and
extends the discussion to include effects due to multiply scattered
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ABSTRACT

The primary luminance distridbution was calculated about a given souroce
submerged in an homogeneous hydrosol with ; non-isotropic volume scattering
funotion. The computations were carried out for a given set of distances
from the source, and at each distance the primary luminance was oomputed
for a given range of angles of sight from the observer-source direotion.
These computations allowed oertain specific recommendations to be made as to

what film speeds were necessary in order that the field luminance about the

given point source be recorded on a photographic plate,
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l, STATEMENT OF THE PROBLEM

Let N™ be an homogeneous hydrosol with attenuation coefficient 4' and
volume scattering coefficient 0°(8). Let a sphere of small™ but finite diameter
D be immorsed in N* with center at s. Let the sphere have a self-luminous
Lambert surface with luminance B,. If an observer is at a point o in M" whioch is
at a distance R, from s, and the line of sight of the observer is @irected at
an angle f , O€#EW , with the line os, required: the primary luminanoce B(l)(f)

of the field,™ as seen from o in the direction #.

2. DERIVATION OF FINITE SUMMATION FORMULA FOR PRIMARY LUMINANCE

2.1 Relation between Bs and the Total Luminsus Flux Output F. of Sphere,

Some sources of luminous energy are defined by giving their total luminous
flux output instead of their inherent luminance. A relation between F. and B,
of the given spherioal source is needed for use in the complete solution of
the stated problem. There are two basic ways to obtain the relation between
Fy and B,. The first proceeds as follows: Let R = D/2 be the radius of the

sphere. Then

Bg = Dlg /DA coed (2.1.1)

* Small comrarac to the distance R, i.e., SDLR . See Summary Sheet

l\;OQ 25 of ((3))-

ex .. . . . . “ . . PN
irimary Luminance is ‘:efined i1n Summarv Sheet No. 74 of ((2)),


http://Luminar.cn
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where AIe is the luminous intensity in the direotion 6 to the normal of an

olement of area AA of the surface of the given sphere,

Lambert's law we may write

AIe = AIo cos®

Since A I, obeys

8o that the element of luminous flux AF, emitted by AA is

/2
Fg = 2T § AI_ cose sine e
0
- YAI.
Since
By = AL, /A4
we may write
Fg = YB, A4

80 that the total luminous flux output of the sphere is

2
Fe = 7%

2

Bye

(2.142)

(2.1,3)

(201.‘)

(2.105)

(2.1.8)
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The second basio method of deriving the relation between F, and
By, 1s ae follows: Let Aw, be the solid angle subtended by the sphere at o.

Then
2 2
Aw, = *D° / 4rg. (2.1.7)

The illuminance QAE, produced at o by the luminous flux from the given sphere

on a surface normal to the line os (imagining @' = 0 in MY 1s:

AE, =F, / unz. (2.1.8)
Sinoce
Bl ® AEI /Aw. (20109)
we have
2
(Fg / 4WR) Fy

B = = [ ] (201.10)
* T (wd? /Rl whP
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2.2 Formula for B(l)(J),
For the geometrical relations used in the following derivation refer to
Figures 2.2.1 and 2.2,2.
Let p be a point in M* at which the unattenuated luminous flux from
(o)

8 is soattered through an angle © to o, The unattenuated illuminance E

from s at p on a surface normal to the line sp is:

(o) 2

B =5, o PF awrl, (2.2.1)
We now determine a region of M”* about p of finite volume dv by means of an
elementary rectangular sclid angle ocentered on the line sp. Let the vertioal
angular height of the solid angle be a, and the horizontal angular width be Y,
measured in radians, The volume dv is determined by the intersection of this

solid angle and a s:1id angle of suitable dimensions al, af with vertex at o.

It is easy to see that
.~
dv Rl Q,h a de, (20202)

where de is the increment of length of Rl cut off by the solid angle with
vertex at o. See Figure 2.,2,2, Some of the unattenuated luminous flux at p
is redirected by scattering through an angle © to o. The primary luminous in-
tensity dIél) of dv in the direction po as induced by the E(o) given in
(2.2.1) is:

dIgl) - £%¢(8) av (242.8)

by definition of @(8). Hence
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(1) PR
a1, 1

= (Fy / 4W) ap o o(8) .« dr (2.2.4)

1.
As seen from o, the slement of volume dv is a rectangle of height

de 8in® and width a, R,, so that the solid angle dJ'l9 subtended at o by dv is:

2
dne - .-h Rl de sin® /Rz. (202.5)
1
The unattenuated illuminance dEé ) produced at o (on a surface whose
normal lies along po) by this unattenuated luminous flux from the illiminated

element of volume dv is:

(1) (1) O'F'Rg

dE; = = dlg /RZ. (2.2.8)

1) 1
The ocontribution Bé to the primary luminance B( )(}) by the

11luminated element of volume dv is then:

(1) (1) -amwr 2
m g T/
B - - (20207)

P 2
dfly &y R, &R, sind /R,

that is,

B(1) (Fg / 4% ) oy o, o(0) o P 1 T R2) dR

P

8y Rl de 8ind
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or .
Bél) - F, o, o(6) o Ry * 112)/ (4% R, sineé), (2.2.8)

Now

R, ain¢ = R, sin® (2.2.9)

whioch allows (2,2.8) to be written

Bél) - F, % a.(e) .-P'(Rl * Rz) / (41Ro gin*). (202.10)

Equation (2.2.10) thus gives the characteristic form for the component B(l) of

ey
(&). If a set dvl dvy, s, clvk of volumes at points P1s Py, eee, Py

along the line of sight each subtended a vertical angular height o, at s
and if the soattering angle 01 is associated with Py>» and if Rli and Rzi

are the distances sp; and pyo respectively, and if the resulting luminance

(1) J . . (1
component of B (¥ ) associated with Py is denoted by B

py * then we may

approximate B(S‘) by writing

k
(1) - 1) _ "‘v (Ry, *+ R

The computation of B (}‘) for given F )z and Ro is reduced to a finite

8?
- |

swmmation of the products 0‘(91) ° ARy * Rzl). The choice of the angle a

devends on how fine the subdivisions of the line of sight are to be chosen.

The dimensions of the physical situation snould suggest an apvropriate choice

of aye See Figure 2.2,.3,
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3. PHYSICAL AND GEOMETRICAL DATA rOR NUMECRICAL E:AlPLE.

This revort is based on a regquest to the Visiabality Laboratory for
an answer to a specific problem which had the form of the statement given in
gsection l. For the specific problem submitted optical constants for the hydrosol
M™ were chosen as (3' = ,051 / ft which is egjuivalent to an horizontal hydrological
range of 77 feet. The volume scattering function < (6) was taken from graphical
data for ocean water given in the figures on page 71 in ((1)). The source was
.assumed to have a diameter of 0.20 feet and a luminous energy output of 1.2 x 105
lumen-seconds which is the luminous energy outout of a #60 vhotoflash. A luminous
energy output was assuned Instead of a lurirous flux (which is energy per unit
of time) since the detector of tha field luninance B()‘) was to be a photographie
plate of suitable smeed. Consequently, 1f Fs has units of lumen-seconds, B(l)(f)
a8 given in (2.2,11) will have units of luuninance-seconds and is so recorded in
TABLE 4.1 and plotted in Figure 5.1, The calculations were performed for the
following values of Rj: 40, 100, 200, and 300 feet; and for the following

values of ¥ : 0, 2.5%, 5°, 10°, 20°, 25°, and 30°,
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4, RESULTS TABULATED

TABLE 4,1

LUMI MANCE -SECJLDS

P Ry R B Ry

40 £t 100 £t 200 £t 300 £t
0* 3.9 x 10° 2.04 x 10° 1.37 x 10t 3.3 x 10
2.6" 1.07 x 10% 2.12 x 10 - 6.41 x 10 2.50 x 10 0
5° 4,50 x 10° 8.68 x 10~ 2.64 x 107% 9.10 x 1077
10° 1.69 x 10° 3,24 x 10 9.27 x 1070 3.40 x 10 '
15° 7.67 x 10} 1.45 x 10 ° 3,73 x 100 1.35 x 10
20° 3,70 x 10 7.15 x 100 1.97 x 1072 7.30 x 1072
25° 1.93 x 10 * 3.66 x 10 9.94 x 10° 3,50 x 107
30° 1,03 x 10* 189 % 107 5,00 x 10~ 1.78 x 100
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6+ SUMMARY AND CONCLUSI ONS

The primary field luminance about a submerged point source has been cal~-
culated in a given hydrosol for various distances from the given point source
and for various angular distances about the line connecting the source with the
observer., For details, see seotion 3, The results are tabulated in TABLE 4.1
and Fige S.1. For the pnysical and geometrical conditions defined in section 3,
some statements about the f.lm speeds needed for film plates exposed to the
luminance field may be made:

For Ro = 40 ft, the source and aureols are expected to be reccrdel on East-
man Panatomioc X or Eastwan Portrait Tanchromatic.

For Ro = 100 ft, the souroce ani aurenle are expected t» be recorded out
to ths angular diszance of 2.5° on Panatomic Xe

For R, = 200 ft, the source and aureole are expected to be recorded out

to 1425° on Panatomic X,
For Ro = 300 ft, only source should make an impression on Kastman Super XX,

The above recommendations are based on the following relation:
WESTON FILM SPEED = 0.8 f£° / Bt (641)

as given op pages 8-10 in ((2)), where

f is the diaphragm opening
B is the luminance of the scene
t is the time of exposure to luminance field or

flash duration.
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The charaoteristios of the lens for the recording camera were assumed to be:
fooal length == 12 inches
lens diameter == 4,8 inches
diaphragm opening =~ 2.5
The product Bt was taken from the data shown in Figure 5.1; the film speed and

hence the type of film were determined by using (6.1).
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APPENDIX

We append three general observations to the present work. First of all,
we note that even though the results and conclusions of the present report are
restricted to a specific problem of underwater photography (See Sec. 6), the
method of approach considered here is amenable to wider apolications. In
particular , equation (2.2.11) summarizes a useful approximate method for the
determination of the primary component of the steady state luminance
distribution generated by an isotropic point source in an homogeneous optical
medium with a general volume scattering function 0 . Furthermore,

equation (2.2.11) can be extended to the case of nonhomogeneous media with

anisotropic point sources thus:

. A, &
B () = S Bsle; -9 T, T,

4:'1

where T; is the beam transmittance of the path Cp;S, As is the area of
a great circle on the non-isotronic spherical source, B.(e; -f/) is the
luminance of the source in the direction Cr S"’) (See Figs. 2.2.1 and 2.2.3),

and Q (9‘) is the value of T at p; for the scattering angle &, .

Secondly, knowledge of the primary luminance distribution allows one to
compute such auxiliarv photometric guantities as the primary component of
the illuminance cn arbitrarily oriented rlare receivers, or primary scalar
jlluminance (associated witn spherical receivers). Thus, the tabulations of
luminance distributions are notentiall-— more useful than tabulations of
illuminance cquantities and, tor this reason, should always be given first

priority in the initial phases of planning of any numerical tabulation project.

e
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Finally, we observe that the primary component of the luminance distribution,
whieh is the main object of study of the present report, is of course only
one of a denumerably infinite number of scattering-order components of the
observable luminance distritution at point O. The extent to which B’ (4’)
contributes to the observable luminance at O depends principally on the ratio
of the total scattering coefficient ,&-L;’ ALl to the volume attenuation

coefficient ,e/ , namely on Wo= .4/’ . An order of magnitude estimate

’ . l&
of the observable luminance B(SL) mav be made by noting that

RN (= TRV, gEnIe

where the symbol = denotes "is of the order of magnitude of." 1t

follows that for 4« >0,

B(I)("P)

[0 8] .
N (_)} —~ 4 .
B = 5 BN E S
j':l ¢
Thus, for the present medium, in which W is anproximately O.4 ,

ve estimate that B(Y) = 1.7 BY(#),

R. W, Preisendorfer
May 1959
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GEOMETRY OF DERMATION OF B'" (¥)
Fie. 2.2.]



DETAIL OF dV

FiG. 2.2.2



SHOWING EQUI-ANGULAR SUBDIVISION OF LINE OF SIGHT

Fie. 2.2.3



