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Scme remarks, mostly trivial, are made about visibil
vielbility from airplanes, contrast meters. gray color of ship
comouflege of ships to achieve invisibility.

R S
(5

fxperiments showed that some improvement in seeing in daylight
was occaslioned by the use of polarized light and infre-red paotography
and little or no improvement by the use of eolor filters and of dark
adapted eyes. Experiments indlcated = faint chance that peint of con-
cealed spectrel character, and red lights with red filters, might
possess navel ubility.

1t is suggested thet the Navy decide whether it wishes to meke
use of camouflage of ships to deceive, and if so, to envisage finding

out how to do it.

£ detuiled description of the HRL vieibility meter is given.
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The subject of ity has been of concern shiefly in militury
clreles and not to scientists in general, for published
work on visibility is bréactieally non-existent. In this Laboratory
virious experiments desling with visibility have been cuarried out from
time to time. Some of these have been reported complstely; others have
been mentioned in brief notes and others have not been the subject of
record. In the following pages zre gathered together variouvs experi-
ments &nd idess bearing on the problen of visibility and its
tiens. Not &ll of the items are of equal importaence. Some of the
experiments guve negative or unpromising results, some are unfinic
and some of the questions have as vet received no answer st o11.
Variouz suggestions are offered for further experiments.
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"Visibility" may be defined as the maximum distance et which an
object can be seen. It depends on: (a) the haze in the atmosphere,
and (b} the color and illumination of the object snd the background.
These are discussed in Chapters I and II, respectively.

Visibility also depends on the inhomogeneity of the etmosphere,
caused by hot and cold streaks which give mirege effects, on the size
of the object. on obstructions between the observer and the objeet,
such as the curve of the earth, on the goodness of eye-sight of the
observer, etc. These we pPropose to neglect by meking the fellowing
assumpticns, thst the almosphere is of unifornm refractivity, that the
object is fairly large, thet there zre no messive obstructions, thai
the observer has good eyes, geod bincculars, ete.
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1. Heaevrene: vigibill
problem mey have two aipects, oﬂé_ﬁ
In other words, one msy be ready or
conditions which, beeause it is too
ete., is not desirsble for wep cond

LR 1

ED BY HAZE IN THE ATMOSPHERE.

Ly on the surface of ths This
or war and one for peace conditions,
willing to use apperstus for peace
elaborate or takes too much time,
itions, And in war conditions one may

~

be resdy to put up with
satisfy him in times of

SOme sort of approximate method which would not
petdce,

To meegure vieibility
some standerd which we take to be a

&s deternined by atmospheric haze requlres

ship of mederate or lerge size painted

gray under full daylight illuminstion on the open sea. Obviously, the
vigibility of ths ship will depend to some extent on whether the wezther
is eloudy or clear and on the position of the sun with respect to the
ship &nd the observer. But we dodge this complication by remarking that
there will be some distance at which the ship ean just not be seen be-
cause of the obscuration due to the haze. It is this distance which the
method should measure, with full recognition that the measurement is of

& gquaniity which is not very definite or accurate, and can only be pinned
down within fairly wide limits, say, within 20%.

The direct method is to have two ships and to let one stesn away
from the other until it Just diseppesrs through the haze. A method
similer in principle is to have & known target at & known distance, szt
least & mile, and to meke certzin optical measurements of its brightness.
birect methods of this sort are, of course, the best and may or nmay not
be regarded zs worth the trouble. They would probably be concidered
pranticeble only in times of pesce.

another type of method which has often been proposed requires ap-

paratus only in the space of o ship. It involves the messuremen: of the
light absorption of ¢ sample of the stmosphere by epparatus on the ship
rom which is inferred the vielbility at considersble distences from the
ship. The method, however, demends &n &ccuracy difficult, indeed
practiceily impossible, of atteinment on shipboard, end involves the so-
Sumption that the cir over & wide sres heve the same optiecal charccoter-
istiss &s those of the shipboard sample. It is not known whether anyone
has used the method succeesfully; we have attempted to and feiled.

4 method which has been Suggested is bused on the known fa~t thet the
&tmospheric potential gradient varies with the vigibility. From verlous
reseerches (1) the conclusion is clear that one could distinguish between

(1) Chree. Proc.Roy.Soe., 95, 210 (1919); Wait, Terr.Msg.. 35,
125 (1931); Schweidler, Jahrb.f.Rad.u.i&lekt, 18, ] (1921); ete.
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fj ghick fog and clear stmosphere by an atmospheric potentizl messurement,
R but that thin hozes "O-.ll(‘ not be so distinuhlﬂ.ed The same connlusion
8 holds for dust counis or droplet counts of samples of the stmosphere.

HRumidity has no direct relstion to wisibility; the vieibllity may
. be good with the humldity high or low and the visibility msy be poor
-uith the humidity high or 10W.

The NRL visibility meter made use of the fact that the retio of
the brightness of the sea near the horizon to that of the sky near the
horizon is a function of the visibility. The ipstrument is described in
detzil in Chapter III. It has been tested &t sea and further tests are
underwsy . ' W

2. The peasurement of visibility at night. It is somewhat un-
rertein whether the measurement of v151b111ty &t night is reelly a prob-
jem or merely an inchoate idea; or, in other wor&s, it is not certein
whether anyone wishes to measure the visibility at night.  Two defini-
tions of night visibility may be mentioned which are conc%rned with two
different situations: "night visibility" may be defined (1) as the maxi-
pur distance at which & ship's navigational lights may be seen, and (2)
~ ac the meximum distance at which 2 moderate or large ﬂlzed gray shlp,

& with no llghtu, may be seen.

To mescure the night visibility the direct method is the best,
that is, by observing & ship moving away to known distances, or by
measbring the br;gbqneqn of a known light at & known distance. This

ort of method is ordinarily impra"tlcable.

g Obviously, the night visibility varies with hage, clouds, mooun,

\ the state of the sez, etc. Two experiments directed toward & measure-
- ment of night visibility as it depends on haze sre as follows: (1;

- Turn & Sear?hllghb in & herizontal direction and, from & station at

.~ 50 or 100 yards away from the searchlight, make some sort of measure-
. ment of the beam of light such s the apporent length of the beem, or
. the degradstion of brighitness zlong the beam, etc. Some measurable

~ quentity of the beem mey be disczovered which depends on the haze in
the stmosphere, and this in turn may be releted with the visibility by
& series of calibrztion experiments. (2) In case that & visible search-
light is undesirable one might contemplate similar observations of the
beam of en ultre-violet searchlight. It is known (2) that one cen cee

(2) NRL Report H-1017 "Signalling &nd Detection with Ultrs-Violet
and Infra-Red Radiztion”.

. the ultra-violet beum from such a searchlight by means of an ultra-
. Violet telescope or by photography.
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3- ¥ ity from sirplenes, At preseat oaly very hazy notions
aure wvailatle the vigibility from alrplene: Lt ssexs & woste of
time for & person on the grouwnd to atbtempt to define the teri or bto con-

-

sider what to measure and how to messure it. The lLdets sun bosl be made

definite by somsone with much flying experience.

L. Improving seeing by the use of :gcolor filtery. For seven years
we have experimented with many kinds of reolor filters, elther colercd
geletin or colored giusses, atb sea to fiad out if they would lmprove ceeing.
In generel there wes no lmprovement of suffieient mognitude to be of velue.
Almost never were conditions &t ses experiended 'under which one could see
something with & color filter which could not be seen as well or better
without the color filter. This is & sweeping statement ana like all such
statements not entirely true. It is not the purpose here to attempt to
stete the opposing idess and to show wherein theéy ere wrong, We merely
reiterate the foregoing experimental conclusion and add 2 further fact
in its support, namely, that color filters are availsble everywhere, yet
there zre practically none in use on the bridges of ships, excepi, per—
haps, for amber or dark glasses which are worn to reduce the glare, but
everytime the wearer wiches to look at something intently he takes off the
glasses, b ERay b G4

The question may be asked, "True, you have-experimented_with a large
number of color filters, but certainly there sre thousands of dyes and dye
combinations which yield meny color filters, dichroic, polychroic, with
complex patterns of absorption bands which have not been tried. May not
some of these off'er possibilities not brought out by those slready tested?”
The answer is glmost certeinly in the negative, for the spectral dictribu-
tion of the light of objects at sea and of the background of sez znd sky
containg usuelly no sharply merked sbsorption bands, snd the inciusion of
veriouvs new tints or absorption baznds or transmission bands would not bs
expected to lead to any importent novel effects of cseeing.

In & wer-time report is described experiments in which &n observer on
the ground looked &%t sirplenes through veriocug colored filters. The con-
a2lusion was stated that & blue filter made &n improvement in sseing the
planes. He have repoeted the experiments with &3l the [iltere which we
hed, over 75, but were unzble to find any which improved matters very much.

£11 of our experiments with color filters were done from surface ships
at gez, nothing wae done from the zir. It mey be suggested that here is &
problenm worth investigation, namely, to test out &1l kinds of color filters
from plenss at se& looking down &bt ehips, ete., to find out if the seeing
cun be improved. As far ss availsble information goes, the problem is un-
touched &t the present time &bt cea.

5. Improving seeing by the use of dark adapled eyes. An experiment
msy be mentloned which geve & negative result. The 1ldea was that perhaps the
observer might do better with color filters if his eyes were dark sdapted.

He was shut up in a dark room in which there wae & small hole glving & view
over & cleer, misty or hazy scene {down the Potomeac River). Over the hole
various color filters were pleced. It wes found thet using dark uadepted
eyes under these conditions was no improvement over light adapted eyes.

Page 2




LRt
Irgtleal Baea

% proving sesing by the vse of infra-red phobogrephy. It is
pugeltle by tne use of Infra-red pletes and good to phobsgraph
distent objects whish ere obseuraed by haze. The the lnfro-red
plate visibllity over tue /e visibility was practiczlly zero in thiek or
nodercte fog and inarsssed as the haze beceue thinner. For example,

* . oy LY x % )
experimente (3}, (4) showed that cbjects ecould be photogrerhed at 1.2,

.2} KRL Report H-1022 "Phatography with Infre-Red Platez",
(4) Rewling, "Inlra-Red Photography™, 1933.

4, & und 300 miles when the haze and fog were such that the objects could

b be seen with the eye at 1, 3, 6 and 150 miles, respectively. If was
ted (2) that further experiments with infra-red photography st ses
might be of velue.

. improving seeing by the use of polarized light. Experiments
&t sea with binosulers equipped with polarizing prieme improved the sgeing
vader bright weather conditicns. The investigation LIs described in a recant
report (5) and 1t seems unnecessery to repect 1t here. The report ray be

(5) NRL Report E-1017. "The Polerizabtion of Light et Sea"; Hulburt,
J.0.8.4. 24, 35 {1934).

consuited for deteile of use snd effectiveness of pelerizing binoculsrs
&nd the polerizing sextent.
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1, Cemotilage of ep
neters. Szmouflzze of ships
vigoros during the wor
nothiing suzceszful of this

In connection with tke exXperiments there were developed three meiers
called "vieibility" meters. It would be better to term them "conbrast"
meters. The meters were 11 bzsed on the same Principle and were developsd
independently by Jones (£) of the sestnan Kodak Company in fmerlcz, by
filgand {7) in Goreeny, and by Bennett (8) in England (the Bennett-Cossells
vielbility meter). Tae meter consisted of a telescope through which the

L

L .

(6) Jones, Phil.Mag. 39, 94 (1920).
(7) Wigend, Phys.Zeit. 20, 151 {(1919); 22, 482 (1921); 25, 212 (1922).
(8} Bennett, Nature. November 12, 1932, page CLV,

object znd the background were viewed. Then & series of absorbing screecns
were placed over the field of view untll the scene became co dim thet the
object was just diccernible. Ths thickness or numter of the absorbing
Soreens gove & mzasure in arbitrary units of the "visibility" of the objesnt,
or more exactly, the "conbtrast of the object with its backzrownd”. One of
the meters uss absorbing gcreens, two used ground glass screens, angd the
suggestion was made that instesd of the screens & dazzle light could be
thrown into the field und the intensity veried vatil the object was just
blotved out. The ecsential prineiple and purpose of the three instruments
were, ac fer as ie known, identicsi.

e Ine Newy gray color of ehips. Painting a ship gray is
& fachion, &n attompt to make it invisible, or to reduse its visibil
The quesztion hes often been reised whether tho present ctenderd Navy
is the best 20lor end the suggestlon off'ered thet & partisulur shade
Erey might be the best for nertain &reas, end snother shsde for other aress
ete. We had this question in amind when, durlng s voyesge in the Caribbenn
Seq in 1921 we mode mocsurermsnts of the color and brightness of the ses and
€ky by mewns of a Munsell Color Cuart. It wes concluded, &ltbhough with
~ons lderable vnzertainty, that perhaps a slightly lighter shade then the
Stendsrd Nevy Grey night be better. It was suggested that renords of the
ninber of times s davy chip et & dictance ppecred lighter then the beab.
Eround. sew or sky, and the surber of times i1t svpeared derker, might be of
velue. In aush obmervatlonz the "sontrast™ mebers of the previous sesbion

r
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might be & help. {hi:z i the caly sugzestion whih hat besn made of 2

* B
wey bo employ bhe "zontrast”™ melar profitably

ressontble to think that the exast shude zhosen for
7. s

a Stendord Novy U g perhaps of no great importence. For in genoril the
darknoss of the color of & distent ship woudd tppesr to depand
wuch minetion, as egeinst or away from : gun, thun on
Lhz & opaini,

3. The Navy gray color of submarines. The question has often
veeu asked, Wiy zre submerines paintgawa-gzgﬁdard lNevy Grey? Oac would

A

think that a darker shude would be better. The submerines are almost
always seen &goinat ¢ wuatber background and ara usually lighter than the

ns
beckground, for Hevy gray is more suited to a sky background.

On several separate and independent oseasions the Nevy has conducted
tests lo which aviators flew over submerged submarines, and has concluded
cach time that painting the horizontel struetures of the subperines black
rendered them less visitie to the airplene observer.

4. Camouflaze of ships to decalve. Camouflzge of ships to
deceive was sccompliched with some success during the wer by painting

0

large designs snd spots on the ships in such & way that an observer mis-
Judged, or was supposed to misjudge, the course of the ship. Just what
success was echlieved ig unknown &b this Leboratory. The principles of
the design were worked out in this country, and perhaps reports on the
work were made. We have been wneble to find any &uch reports.

it is believed that it is of importance for the Nevy to consider
the question of deccptive comouflage; in the advent of wer the question
might be among the first to arise. If it is decided that decsphive
cemouflege ls desirable, an attempt shouvld be mede to obtain the reports
of the wertime work, or to rewrite them &nd put them awsy on file. To
do this it mey be zdviszble to get the gld of the group of men who did
the work during the war. '

fnough is known at this Laboratory, and it is about all that we do
know at present, to make ue appreciate the faet that one cen nob achieve
suecessful deceptive camouflege Lln a haphezerd manner or by an untrained
guess. 1t is thought that the gencral principles are simple and that
from these & program of eflective caniouflege patterns could be drewn up
Suiteble to various types of chips.

5. invisible pzint for recognition insiznia. It 1s possible Lo
brepere two painte of appurently the same color and brightness, whilch,
Lowever, contain & conccaled cpectral difference, so that when viewed
Uhrovgh 2 proper color filter they appear different, for example, one ap-
pearing durk end the other 1izht. On this idez two gray painb: were mede
which matched Stundard lievy Gray in eppesrsnce. On leoking at these
peints znd Standerd Nevy aruy paint through & red color filter, one of
the puints, No. 1, appsured lighter then the Nuvy gray snd No. 2 darker,
almost blesk. Insignic sbout 10 feet in size were painted on the £ldes

S SEEE  MlacE
e
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unalied eye byt feen throuzh the rad §

azeinst the Havy gray trokground £5 & dafk'm&rkiﬂg with o 11

L during & eruize on the Pacifin Ocean showed thst the
e Seen through the red Tilter “P Lo Severul miles when w i
by sunlight, but Lot @8 fer gg the distanece gt which the ship oo
‘usually be fecognized by othep Features, sueh as silhovette, ebe. The
range «t which the design could be Seen depended upon the conditions of
illuminatlon, whether tha design was in the sunlight or shadow, ete. [t
wes therefere concluded that the Seeret psint insignis offered no im-
pertant, adventzges for surface ship Tecognition purposes from surfuce
ghips. Further tests with marking the ship for recognition from air-
Planes were contemplabed.

O W

I, however, dezeptive cemouflege were ddopted it may be thet
peint with concezled spoctral characterictios put in the casicuflege
patiern may have some Possibilities. The Suggestion is rather hazy
end can not be made definite until more is known about the types and
conditions of use of the canmcuflage petterns.

red filters. It is
an olé sugzestion that the visibility of .a req light may be ineresged
by viewing the light through s red color filter. Thus, in daylight a
red light on ¢ ehip et sea, two miles &wsy, or a red light on lang with
& background of trees will not be visible, if the intensity Is not too
great, merely becsuse ihe contrast of the light with the beckground is
50 low that the light is iavisible or is not conspicuous. Vhereas ir
the observer views the scene with @ red color filter the rsd light is
pleinly visible because the beckground and the glere of dayliight is
much darkensd and the red light is not obscured by the filter.

6. Visibility of red lighte seen through red fi

Prelininary experirents &t distances up to 1,000 yurds showed the
the Visibllity or & woderutely bright reg light in the daytime wes in-
creaged by roughly & fastor of 1.5 or 2 when the observer used &
properly chosea red filter. la the experimeats the Sky sad the Potomeac
River were uzed as backgrounds. That ig, without the {jltep the light
could not be readily seen at distaneces beyond 500 vards, and with the
filter the range was lncressed to sbout 1,000 yards. It was conaeluded
that the effests wers not very strikiags, but bhat further experinsata
Wilh brighter lights and greatep distances at ses would be necessary
before ons 2ou1g S8y with certainty what possibilities, if eny, the
System offerad. Far one zould not infer from these preliminary ob-
servations what ses conditions would bring out. Perhaps the most
promising case would be to have the red lignt on the deck of a surface
Ship and view it Yrom wn airplane.,
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1. antroduzcion. The NEI, vizibility meter, developed ia the past
two years, was workal oub Lo enable an observer Lo measurs bhe visibility
at sex as dependeat on haze, simply and quickiy by means of apperatuz on
the ship without the necessity of artificial turgets as & distenze from
t}le Sb.ip. }";cbliall_‘,", n&tl;‘ral targetﬁ} area use{i’ t’he zen {!.:ii the Sky‘ PIYQW
liminary tesbs of the metsr at sea have been encouragiang; further tests
are uaderday. At present it is not kaown how catisfactory the lnasru-
ceatb will bura oub to be. It cezn not be s.id to be very acourabe and it
has the limitation that it can only be used in the dsytime znd when bthe
gas ls ruffled by & breaze,

2w General principle of the lnstrument. If the sea is ruffled
by & breeze the sky neur the horizon is mueh brighter than the sea naur
the horizon when the atmosphere is clear, i.e. good visibility. In
tnick haze or fog, i.e. poor visibility, the sky and the sea near the
eppurent horizon are mors naarly the same brightasss. 2 and b, Plate 1,
are photographs towurd the horigzon when the visibility was 15 and 3
miles, respactively. Since the ralative Erightaess of the sea and sky
near the horizon varies with the visibility, a messuremeat of their
relative brightaess properly calibrabed yields a measurement of the
visibility. This iz the fundamenial prinziple of the instruaeat.

3. Calibration. Denote the visibility by v, where the visi-
bility is the maximun distance that o moderate or large sized object
cah be seen through the haze in the daytime. Define © {or & breezy
day by ;

brightnsss of sea neur horizon (1)
R T e A J
brightness of sky near horizon

where "nesr the horlzon® meezns the reglon from the epparent horizon +

sbout 2° from the apparent horizon.

Hith a small photometer t was observed during daylight at sea aloas
the Atlantic Cozst for & seriss of values of v meinly on days fres from
clouds, v being taken from the distence of known izlands, hesdleonds,
lighthouses, ets. The observad valuss of t were avaraged and & smooth
curve wizs drawn through then. The curve is shown in curve 1, Plate
2, and the values of t are given in Teble 1; this is the calibration
curve,
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Curve 1 was [ound to be approximately Independeat of the altitude
and beariag of the sun for the sun mors than 20° sbove the horizon
“ad wvolding the zero bearing of the sua, l.e. direcsly down the sun
patn, Curve 1 was found to reauin cpproximabely unchanged ss the
breeze increased from 3 to 25 knobts and for altitudes of the obgerver
from 5 to 50 feet above sea level. If these relstions had not been
true, that is, if t, besides vorying with hazes, hed been found to be
dependent upon such things &s the position of the sua, the height of
eye of the observer, the state of the sea, ete., the entire method
would have becn dlecarded &t once a3 impruchtinsble. As & matter of fact,
the relations are In genersl only approxinstely true.

If the ses is mirror calam the method falls, for in this cass there
is, of course, no difference in the brightnsss of the ses and sky at the
hoziﬂon, i.e., t =1, for all valuss of the visibility.

L Dezcription of the visibility meter. A phobograph of the
NAD visivility meber is shown in Plate 3. It consisted of a small
teleazopg actually, one barrel of a © power 30 mm objective pair of
dinosulars was used. Across the flield of view could be Blid an optleal
Wadge of gelatin cenented with balsem between glass plates. The wsdge
°llﬁ azross the upper hualf of the [ield of view,ths lower huif being
unobstricted by bthe wedge. Theelescope was pointed abt the horizon

S0 that the lower edge of the wadge wae in approximate uULﬂCLUaﬂzﬁ with
the horizoa, the gxy appearing ino the upper helf, and the sen in the
lower wulf of the field of view. The woedge was then slipped slong
Wil the sky was derkensd to be of the sume brightuess as the sen. Ab
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inne y and the ses vary in brightnazs end also slightly ia
color it wus found most sultable to uze = vellow zreen solor filter in
the belescope uad o yellow sreen optisal wedge. In tnis way the ob-
server sabtohed two flelds of the ssme color whizhk differad only in
brightnsss. 1f, lor example, & blue wadze was used, u good color mabceh |
of the se& and the sky wis obtained on closr days bub not on gray days. §

5. Tests on the Pagific Qcean., The HRL visibility mcber was
tested (9) at sea naar the Celifornia coast, mainly in the San Pedro

{9) Lieutk. W.E. Gist, USN, "Report of Test of NAL Visibility
fieter No. 1%, September 9, 1932.

San Dilego area. Two of the curves given by Gisbt are plottad in curves
2 and 3, Plate 2, curve 2 being for a slear sky and curve 2 for a uni-
formly cloudy sky. Ib ls seen that there is falir agresment babween
curves 1 and 2. The curves wers obteinad, &5 fer 25 csn be Judged,
under sizmiler conditlons of clear sky, curve 1 belnz obtuined near th
Atluntic Coust and curve 2 nsar the Pacific Cosst.

6. Acourscy and sourzes of error. I[b is kaown thet even in
the laeboratory it is diffizult by visuel photoaestry to adjust two fields
to be equal in brightaess with an gccuracy of less than about 3%, un-
less speclal and rather eluaborate optical devices ars employed. £nd
in using the visibility meter under shipbourd conditions at sez, an
azruracy of lsss than 10% in a single reading of t was hard to achiove.
From Table 1 it is seen that an error in % of 10% amounts to an error in
v of about 50, 20 aad 20% for visibillties 2, & end 12 miles, respecztively. i |
So that under normal working conditions an accuracy of v greater than i
20% is herdly to be expscted. The accuragy of the mean of & number of '
observations might be reduced below 20%.

The error just mentioned is inherent in the instrument. There i3
another error arising from externsal causes, sometimes very large, due to
the fast that the sky is & non-unifora and erratic source of light due
to clouds. The visibility meter can give a correct value of v only if
ths cea-sky scene obey the t,v relation of Table 1. And certain cloud
distributions in the sky disturb this relation. Thus, we had the ex- ]
perienszs of "wild peints®, that is, occasionally a reading of the instru- '

£

tisat mede with apparent care gave an obviously wrong visibility. At r

firzt it wes not understood w y this was so, although it was realized %
that light and shade effssts of scabtered clouds often hed something
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where 7 = <=
(4)
Froa (1) t = {—; and from (2) end (3)
~28%, ~ B,
=T Bl e . {5)
If the brightness of 2 ship or object be bs , its brightness at &
distance X, from the observer is b where
b = the light of the ship b. degraded by absorption
in reaching the observer plus the light of the
haze between the ship and the observer,
-Bx *p s
or b=bs&” 4 oci,g'éxd,;x_
o
=beg P4 L (1-677) (6)

Define the visibility to be the distance away of the ship or object
when its contrast with the background is small, or, in other words,
let %, be the visibility v when

b = e (7)

where e is small compared to 1.
Substituting (2) end (6) into (7) yields

Ve F by (B £ ) ©
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The retios znd = are approximately indepeondsnt of changes in

2
L
haze and (8) becomes approximetely
Vs =2 (9)

where @ 15 constant with changes in haze.

From (5) and (9) we obtain i

-2
1;:'1‘")'/6 V+l-6

el g -0
v

(20)

This is the relstion between t and v which is the calibration curve of
the visibility meter.

The ratio’y of the brightness of the sky at 20° to the sky at the
horizon depends on the haze, cloudiness snd direction of the sun. 7y was
measured on & number of days of varying visibility; some of the values
for conditions of few clouds azre given in Plate 4y the smooth curve being
& rough average. For a cloudy sky and v = 10 miles %Y was 1.6 to 2.
For the visibility below 2 to 3 miles due to thick haze or thin fog it
 made little difference in Y whether the sky was cloudy or not.

From (10) the t,v curve was calculsted with r = 0.20 and using
Y from Plate £, the curve being passed through the observed point
t=0.53 v =/, miles to determine the unknown constant aX, . The
T;v curve is given in curve 4, Plate 2, and is seen to agree fairly
well with the observed curves 1 or 2. The deviztion st the high values
of v is within the error of observation, and the departure at the low
values is perhaps due to many factors left out of the theory, such as
the decrease of visibility with total illuwmination, etec.

The theory is in accord with the observed fect that for v constant
t is greater for & cloudy than for & clear sky. For exsmple, for v = |
10 miles and a clear sky Y was 0.75 and from (10) t = 0.32, For v = }
10 miles and a cloudy sky y was roughly 2 and from (10) t = 0.46.

8. Conclusions end discussion. The conclusion at present seems
to be that the principle of the visibility meter is theoretically scund
and that the instrument may be expected to give satisfactory results only
under the following clrceumstencess:

(a) that the sea be ruffled by a breeze,

(b) thet the sky be uniformly clear, or wniformly hazy, or
uniformly cloudy, from the horizon to about 30° above
the horizon on the bearing where the visibility is to
be determined. Just how many clouds are necessary to
disturb the uniformity of & clear sky is unknowm.
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Photographs of sea and sky.

PLATE 1
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