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ABSTRACT

‘wenty-two nighttime measurements were made of the atmospheric
effects on light attenuation from a point source during the spring
and fall of 1962 at a site on the Greenland icecap (Camp Century)
located at 77°10'N and 0l®08'W at an elevation of 6800 feet above
sea level.

The Arctic environment provided an ideal surface albedo of
almost unity, while the additional presence of clouds provided "duct
effect," or energy-trapping, situations. Graphs are included to
show the total and indirect intensity fluctuations over l2-second
intervals under various atmospheric conditions. Some cowparison is
also made of the ratio of indirect/direct intensity vs optical depth
under come Arctic and New Jersey shore atmospheric conditions.

A mich greater indirect/direct ratio in an Arctic environment
of almost unity albedo, as compared to a local New Jersey environ-
ment of about 0.2 and 0.5 for the total albedo, is evident from some
of the results noted.

Three "duct effects" were experienced when a maximum 3.5-fold
and twofold increase of total intensity resulted; i.e., cases of
9 Oct and 13 Nov, respectively, compared to an atmosphere with a
zero albedo and unlimited visibility, while the 15 Nov situation
indicated a maximum lo-fold increase. However, each of the above-
mentioned cases was complicated by the presence of some scattered
fog patches., =

Results also indicate that intensities of light pulses from a
point light source can vary by more than 100 percent at distances
of 4.5 miles over 20-second time intervals.

This 1s a DASA=-sponsored project, under DASA NWER thermal sub-
task 12.017, "Thermal Atmospheric Scattering Studies.”
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ATMOSPHERIC ATTEIUATION OF LIGHT RADIATIONL FROM A POINT SOURCE
I AN ARCTIC ELVIROIMENT

INTRO. *TION

The analysis of the effects of various utnospheric and terrain condi-
tions on the propagation of light cnergy is siguiificunt in ascertaining the
degree of thermal radiation dumage that may occur from nuclear detonations
in spuce. Urder many atmospheyic and terrsein conditions, the indirect radl-
ation effects can equal or exceed the direct radiation, A 2 PI detector is
therefore necessary to similate a flat plate receiver so that the full
indirect as well as the direct effect can be measured.

Such a receiver, near ground level, was employed with a €500° point
light source about 4OO feet above the surface, under generally haty atmos-
pheres in the llew Jersey shore area frorx Cctober 130 to February 1%61.
These tests indicated sharp increases of radiation under relatively high
surface albedos. The maximum surface albedcs, however, are readily ottelne
able in the Arctic or Antarctic regions. This led to the unique situation
of studying th2 ettenuation effects of the light energy, with the light
source located between two high albedo surfaces, i.e., a homogeneous snow
surface and an extensive cloud cover at Camp Century, Greenland.

The probler considered in this report, therefore, concerns itself with
the empirical effects of one or two highly diffuse reflective surfaces
on the propagution of light from a point light source situated about 100 feet
above one such highly diffuse reflective surface. At least one other signi-
ficant effect arises, however; namely, the large rapid variations of the
licht signal under certain atmospheric conditions.

DISCUSSION

The site chosen for these studies during March, October, and November,
1962, shown in Fig. 1, is Camp Ceatury, Greenland, located 77°10'N and
61°08'W at an elevation of 6800 ft ivove sea level and about 900 miles from
the North Pole. The terrain (Fig. 2) consists of a vast, flat, homogeneous,
almost 100 percent albedo snow surface, extending at least 100 miles in all
directions before there is any significant change of terrain. The 200-ft
Signal Corps tower, which accommodat-c the light source, can be seen in the
background of Fig. 2.

The equipment employed in obtaining the data in this report was essenti-
ally unchanged from that described in USASRDL Technical Report 2270, "Direct
and Indirect Thermal Radlation under Various Weather Situations.” The light
source consisted of a 10-inch-diameter opal-covered G.E. FT 503 Xenon-filled
flash tube of about five million peak candle power, with a black body tempera-
ture of near 6500°K for the visible region. Frost formation on the opal ball
surface was eliminated by the heat of a <5W incandescent buldb within the opal
sphere. This source was situated .t the end of e 1l2-ft steel boom projecting
from the 100-ft-liigh platform ~f + 2 )-ft tower, as indicated in Fig. 3. The
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Fig. 3. Light Source at 100-Foot Tower Level
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associated regulated 5000V high-voltage, 86-microfarad power supply, also at
the 100-ft platform level, was shielded with waxed paper to eliminate the
hazards of snow accumulation.

The block diagram of the receiver, described in USASRDL TR-2270, 1is
shown in Fig. 4. The equipment, minus the cscilloscope and neon calibrating
unit, is shown in Fig. 5. The Tektronix oscilloscope was employed to ascer-
tain any significant change in waveshape between the total and indirect radi-
ation pulse. Analysis at the L.5-mile point under 2 to 3 mile visibility
conditions indicated negligible change in waveshape, which was of 1.5 milli-
seconds duration, with the application of a 1.4 millihenry choke in the high-

voltage power supply.

The data obtained under Arctic conditions in March 1962 represent a
period of five anights, two of which were under clear skies and good visi-
bility conditions. The remaining three nights involved relatively poor visi-
bility conditions in the presence of mist or fog.

A single fixed monitoring wanigan station at 4.5 miles from the light
source vas regularly employed, with but a single meagsurement made at a
10¢3-mile wanigan station. The fixed stations are called '"wanigans," or box
cars on sled runners, shown in Fig. 6, with the necessary receiving equip-
ment mounted on shelves and boxes within. The pulse-gensitive, 2 PI detectors
vere mounted within tracks atop a fixed 6-ft support outside the wanigan and
facing the light source. A T7-inch-diameter occulter was placed on top of a
pole 20 £t from the receiver and aligned to block out the direct light flash
when placed in a raised position. The total light radiation was received by
lowering the occulter. These units are shown in Fig. 7.

Seventeen tests were conducted during the October and November 1962
period, under generally prevailing fog conditions or cloudy skies, in the
visible and very near infrared regions.

A mobile system and/or a fixed monitoring station vere employed at Camp
Century during this test period. The mobile unit consisted of a photo-
miltiplier pulse-sensitive receiver, described in USASRDL TR-2270, mounted
outside and in a small-size vanigan attached to an L.G.P™ tractor. A 3 kv,
110V AC pover generator was mounted on the tongue betveen the wanigan and
tractor. A 7-ft-long flat-black wooden boom, supporting a U-inch-diamster
occulter at the farther end and a 2 Pl receiver at the nearer end, wvith a
string attachment for lovering or raising the occulter, was maintained through
an opening at the rear of the vanigan. This is shown in Fig. 8. An 8 megni-
fication telescope was mounted alongside and parallel to the boom to facili-
tate proper alignment between the light source and 2 PI light detector, with
the latter being within tracks at the boom end opposite to the occulter so
that about & li-degree field of view was subtended from the occulter.
Measurements vere made at the 0.13-, 0.5-, 1l-, 4.5-, 7.6-, and 10.3-mile
ranges vhenever conditions permitted. A fixed-location receiver vas mounted
outside and alongside a vanigan 4.5 miles avay from the light source, with a
T-inch-diameter occulter on a pole 20 ft from the receiver, and so aligned
that the direct light flash was blocked from the receiver's detecting unit
vhen the c-culter vas placed in a raised position.

*Low ground Pressure
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Flash Tube Receiver
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Fig. 7. U4.5-Mile Receiver Stand, showing sensor and occulter mounted unit




adoo3aToy 3

UTUATT® PUB JOSUds JUTAOYS ‘moog PIAIUNOK IATNOI0 STTFAOW

-@ owﬂom

10



The symbols employed in this report, with their corresponding meanings,
are listed below:

H = indirect/direct intensity (DI)

NF = no color filter

ND

neutral density (applicable to the visible region)
B = Wratten No. 47 blue-violet gelatin filter

G = Wratten No. 58 green gelatin filter

R = Wratten No. 25 red gelatin filter

JR = Wratten No. O7C infrared gelatin filter

o D = direct 1light attenuation coefficient times distance =
optical path or depth

HNF, R, ete/0.13, 1.0, ete where the letter subscripts refer to

‘he type of filter employed, and the number subscripts refer to the optical
depth.

g with no subscript, as above, indicates no color filter being
emprloyed.

Figure 9 indicates the system spectral response employing an RCA photo-
multiplier with an 5-10 response. Figures 10 and 11 indicate the system spec-
tral resvonses, employing Dumont photomultipliers with an S-11 and S-1
response, respectively. (Figure 4 of the General Electric Flashtube Data
Marual, and Appendix A, P. 25, of the 7668-TM-3 M.I.T. report by R. J. Unl,
cntitled, "Infrared Spectral Output of Xenon Flashtubes," Apr 58, showing the
spectre)l curve for the FT 617 flashtube at 4LOOOV and 50 uF, were, respectively,
employed to obtain Figs. 10 and 11.) A negligible change in wave shape in the
visible region in going from 4000 V to 2000 V is assumed, although one would
axpecl some shift to the blue as a result of a slightly higher color tempera-
ture. The filter spectral response was obtained from the Eastman Kodak book-
ilet on Wratten filters, except for the infrared region where USAEL spectro-
chotometer curves of the ND1 and ND2 as well as the visible color filters
~re employed. Figure 12 indicates Hyp vs ¢ D, where D can be determined by
cajeulating ¢ as o = 3/visibility.

The derivation of the assumption (1 + Hy) Xote&l transmittance = H, 1is
2 follows: direct ’

, I
(1) Total transmittance = izﬁ, where ITK = total intensity at distance
o7
« from source and Iy, = total intensity close to the source; i.e., at 0.13 or
0.2 mile in thisg report.

I
Tndirect transmittance = Tgé, lﬂx = indirect intensity at distance x,

s
and 1o, = indirect intensity a. O.13 or 0.2 mi.

11
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“urves 1 - ¢: Greenland, O.3-1.0 surface albedo

Curve i: New Jersey, 0.< surface albeao

Curve 10: New Jersey, 0.5 surface albedo

1 1 1 1 _ 1 1
2 3 4 5 6 7

OPTICAL DEPTH (o D)
512 Hvs 0D FOR DIFFERENT WEATHER AND CLIMATIC CONDITIONS
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NOTL:
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7 Oct o, 3-11 PM response, 10/10 fog, 300' ceiling, 1/2 mi
visibrllty., e O.omi for gD =0.0; D=0.5 1l for gD = 2.1

15 Nov vg, $S-11 P response, 2000' overcast, variable scattered
ground fog pa‘ches, G 5.y . 4,5 i = 0.18/mi (simultaneous measure-
ment ). D = 0.5 mi for oB -0.89; D=U,5mi for vy D = 0.81

15 lNov b2, as curve 2 except for unlimited visibility conditions.
D=1mi for gD~0.01; D= 4.5 mi tor g D~ 0.05

17 Nov 02, S-1 PM rcsponse, 6/1) cloudiness at 2000', 2/10 ground
fog, 1, mi visibility. D = O.1j ml for gD = 0.31; D = 0.50 mi for
oD=1.2;, D=1.0mi for gD = 2.3; D = 4,5 mi for gD = 10.4

25 Nov ©2, S-1 PM response, 9/10 to 10/10 fog and very light snow,
1/2 mi visibility. D = 0.13 mil for ¢ D = 0.38; D = 0.50 mi for
gD = 3.4; D=1.0mi for gD = 0.8

26 Nov o2, S-1 Pl response, ground ice fog (- t»>-33°C), 1/2 to
1l mi visibility. D = 0.13mi for gD =0.71; ' = 0.5 ml for oD =
2.7; D= 1.0 for gD = 3.1

30 Nov g, S-1 PM response, ground ice fog (-35 to -L2°C), 1 to
2 mi visibility. D = 0.13 mi for ¢D = 0.30; D = O.5 mi for
UD=l.l;D=l.Omif0rOD=l.5

1l4-16 Mar o2, clear skies, good to excellent visibilities.

Oct-Dec 00, local New Jersey area, clear sky, hazy, surface

albedo = 0.2, D =1l.2mi for ¢ D =0.,12; D =1.9 mi for gD = 0.1;
D=le9mi for g D =0.43; D= l.zmi for gD = 0.70; D =1.9 mi
for ¢ D = 1.14

Jan-Feb 0l, as curve 9 except for surtace albedo of 0.5. D =
l.2mi for gD =0.20; Dwl1l.9mi for gD = 0.43; D = 1.9 mi for
GD=O.81;D'=1.’CmifOI’0'U=O.88,'D=l-'mi fOI‘OD:l.uQ

Curves 1 through 8, inclusive, apply to surface albedo conditions
of 0.9 to 1.0 in freenland.

Fig. 1¢ (contd) Lepend for Curves
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1
(¢) Direct transmittance = _D.", where Iop = direct intensity close tc
Lhe source. oD

1 ( Iry) | op Isy Iop

where visibility < distence

at which I5, is measured, and vhere

Ig, (indirect intensity) = Ir, (total intensity). Therefore,

log *+ 15
_E_._....E (1) . Hy, where visibility < distance x.

IQP s

(1 + Hg) %%% = H,.

The visibility was frequently ascertained, under restricted visibility
conditions, by estimating the maximum distance at whicb the 150W red light,
i.e., about 100 candles, at the 10C-ft tower level and the [50W white light
at the 00-f¢{ tower level could be seen by the naked eye and applying
Bennett's® correlation result. Bennett's results indicated that ordinary
lights can be used as visibility markers. This conclusion was based on some
empirical studies on the relationship between the visual range at night, as
estimated from lights of varying candle power, and the visual range during
the day. The atmosphere, however, was assumed not to change froa day to night.

During weather conditions wherein wide variations in the signal occurred,
a greater number of measurements were generally taken to obtain a more effec-
tive average. The number of minutes alongside each percent variation curve
indicates the time lapse between each set of measurements representing each
curve.

A lignt "duct" effect is herein defined as a light energy trap within an
atmosphere bounded by two high albedo surfaces so that the light intensity
i1s compraratively appreciably greater for a 2 PI receiver at a given distance
than in an atwwosphere with no, or negligible, reflective albedo boundary sui-
faces and where no atmospheric attenuation takes place. A light "duct type"
effect is herein defined as one wherein H, for a given optical depth, is
aporeciably greater than H in an atmosphere whose boundary surfaces have a
much smnller surface reflection coefficient or albedo factor.

Some of the signal variations vs time graphs show more than one indirect
or total curve for a given zero base line. For such cases, a different aver-
age pertains to each of the curves as a result of generally noticeable rapid
visibility fluctuations so that a more realistic average is operative for each
time interval. The total signal variations vs time curves show a scintilla-
tion effect.

Included in the appendix to this report are a summation chart covering
the main results. 'nd the total transmittance curves (Fig. 6l1), where Tp(R) =

1p(R) R )€
total transmittance = ;I__. %R—O%E and Ro = 0.135 or 0.2 mile, s0 that
o

Tr (0.13 or O.c i) = 100 percent. "Duct effects' are therefore denoted when-

ever Tp(R) ic equul to or greater than unity.
17



RESULTS OF TESTS AND ANALYSES OF DATA AND GRAFHS
1L Mar 62, 2130-2330 hours, S-10 Response, 6217 RCA Photomultiplier

Weather conditions: clear skies; 3/4 moon
estimated visibility > 40 miles
10°C inversion between surface and 200 feet
surface winds about 9 knots

Result: He.. = (indirect . (indirect
nesulv: dhp © (-m)w = 0033, (-t—O?al—-)NF = 0025 (estmted Opticll

depth 0.34 at 4.5-mile distance)

Analysis: The value for Hyn 1s about 0.22 in curve 10 of Fig.l2, represent-
ing the New Jersey area under clear skies, very light hazy conditions, wiih
snow on the ground such that the effective surface albedo (due to the pres-
ence of many trees in the area) is about 0.5, and the interpolated optical
path »f 0.34%. The approximately 50% increase in the H value under Arctic
conditions is likely due mainly to the homogeneous surface albedo of unity.
However, the effects of a supercritical temperature-lapse rate, i.e.,

> 8°C/200 meters, which causes light-ray bending towards the earth's sur-
fuce, may also be of significant contributary nature.

Figure 13 shows rapid fluctuations indicating as much as +70% maximum
deviations from the total intensity average and more than a 100% maxirmum
deviation from one total intensity to the next following intensity at the
receiver. The absolute maximum deviation in the interval is 125%. The in-
direct intensity variations considered over a 3/4-minute interval indicate
less then a 107 maximum deviation. This sharply varying pattern is accom-
panied by clear skies, unlimited visibilities, and a +10°C/200-ft inversion.

15 and 16 Mar 62, 2300-0100 hours, S-10 Response

Weather conditions: clear skies
estimated visibility 7 to 10 miles
+16°C inversion between surface and 200 feet
surface winds about 7 knots

Result: Hyp = 3.0; (}{‘%it_%ﬂ)m = 0,75 (estimated optical depth of about

1.5 at 4,5 miles)

Analysis: The total radiation received is equivalent to almost one-quarter
the total of 14 Mar 62. It is interesting to note that the value for H from
curve 10 of Fig. 12 in the New Jersey area for the same optical path is about

l.5. This about 100% increase in the H value under Arctic conditions is
probably due to the same factors indicated for Mar 1lh4.

Figure 14 shows moderate variations from the norm such that the maximum
total intensity deviation from the norm is +40% and +45% with respect to two
successive flashes. The absolute maximum deviation in the interval is 65%.
The indirect intensity variations show about a 10% maximum variation from the

18



PERCENT VARIATICN

I ’ MAR 14,1962
i CLEAR SKIES

UNLIMITED VISIBILITY
- 10°C/200' INVERSION

9 KNOT SURFACE WINDS
B S-10 RESPONSE

) TOTAL

o--- INDIRECT
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NO FILTER

FIG I3 SIGNAL VARIATIONS vs TIME

MAR I15-16 ,1962
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norm, while the maximum successive flash variation is about 15%. This pat-
tern is accompanied by clear skies, fair visibilities (7 to 10 miles), and
a 16°C/200-ft inversion. Figure 15 compares the temperature height profile
with that of the critical temperature lapse rate of 10°C/200 ft. The criti-
cal temperature lapse rate occurs when the horizontal light ray follows a
path such that its curvature is equivalent to that of the earth's curvature.

24 Mar 62, 0100-0300 hours, S-10 Photomultiplier Response

Weather conditions: 1light ground fog extending to at least 200 ft with an
approximate 1® corona for a 2-diameter halo around
full moon

estimated visibility 3 to 4 miles
12 to 13°C inversion between surface and 200 ft
surface winds about 14 knots

Results: 1. (indirect)

— = 0, - l.O
total 5

NF,B,G,R

2. Hyp g g.p ™ 47, ®, 64, 64, respectively (estimated optical
b A Al |
depth of about 4.5 at 4.5 miles)

3. Indirect NF? receiver in vertical plane, i.e., pointing
vertically/total NF? receiver in horizontal plane, i.e.,
pointing to light source = 0.36

Analysis: The total or indirect radiation received for 24 Mar is equivalent
to about one-third the total on 15 and 16 Mar. Moreover, the indirect/total
radiation yield is independent of the wavelength in the visible region. The
above results 1 and 2 for interpolation of Fig. 9 would seem to indicate the
predominance of multiple scattering associated with a surface albedo of
unity, giving rise to a total and indirect light yield as practically synony-
mous. It is interesting to note the simultaneous presence of a supercritical
temperature lapse rate.

Figure 16 indicates relatively small deviations resulting in not more
than a -20% change from the norm and a maximum 30% successive flash variation
for both indirect and total intensities independent of visible wavelengths.
This similar magnitude variation effect for the indirect and total intensity
could very well have been due to the presence of scattered ground fog patches
in addition to the background noise in the presence of twilight from the
north sky. This type of pattern is accompanied by light ground fog, rela-
tively poor visibilities, and a +12'C/200-ft inversion. Figure 17 compares
the temperature height profile with the critical lapse rate.

25 Mar 62, 0100-0300 hours, S-10 Photomultiplier Response

Weather conditions: 1light mist with light blowing snow
estimated visibility of 10 to 15 miles
+3 to 9°C inversion between surface and 200 ft
surface winds about 17 knots, ENE

20
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Results: 1. H

(indirect/DI);m = 1.k (DI = direct intensity; estimated
cptical depth of 1.1 at 4.5 miles)

I

.
by
o
Ll

(incirect/DI)y = 2.4
3o EH = (inairect/DI); = 1.0

Yo H = {indirect/DI)g = 0.95
Indirectyp, receiver in vertical plane

wn
L ]
i
(@]
L]
[
=

P,

Tctal, receiver in horizontal plane

TyrAs -+ es e e ) - 4
Indirectyp, X ' n

o .. LT -
Ve 3‘1
Direct, receiver in horizcntal plane

Analysis: The toulal received for &5 Mar is equivalent to sbout cuc-Hhis
total on Zi4 Mar. /ssuming o (the direct light attenuation coefficient) as
proportional to the ratio of Indirect/DI, it can be concluded that the
effective aerosol droplet rucius iz less than 1/2 micron, as calculated by
Foitzik® by means of the Mic scattering theory. Tt is also noteworthy that
a significent portion of the ccattered light arrives from the vertical plane
under fairly good visibility conditions and clear skies. The combined effecic
of a high surface albedo, muitiple scattering peth, and a sufficiently steep
temperature inversion would be contributing factors. It is also interesting
to note that the value of H from Fig.l2 in the New Jersey area for the same
opticzl path is l.l; an epproximately one-third increase is indicated under
/xrctic conditions.

Figure 18 indicates some of the moderate varistions from the norm such
that the maxitum total intensity deviation is +70%, and a maximum 83% suc-
cessive flash variation results. The absolute meximum deviation in the inter-
val 1s 103%. The maximum variations in the vertical plane, i.e., where the
receiver is facing vertically upward, is about 8% of the average total radi-
ation as compared to T0% where the receiver is in the horizontal plane, i.e.,
where the receiver is facing the source. This pattern is associated with
lignt mist wnd light blowing snow, 10 to 15 mile visibilities, and an & to
5°C/200-ft inversion. Figure 19 compares the temperature height profile with
the critical lapse rate.

e

27 lar 92, 0200-0300 hours, S-10 Photomultiplier Response

Jeather conditions: ground ice fog; full moon not visible
estimated visibility 13 miles
surface winds about 12 knots
temperature of -38°C

Results: 1. Hyp py g,R = 26, 20, @, 12, respectively for an NF ectimated
optical depth (aD) of 9.0

Ce (Indirect/total)lm.B’G’R =92 = 100% at hos miles

-
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3. Indirectyp/Mar 27 = 0.43 (total)yp/Mer 25 =
0.78 Indirectyr/Mar 25

4. Indirectp/Mar 27 = 0.52 (Total)y/Mar 25 = 0.77 Indirectp/Mar 25
5. Indirect;/Mar 27 = 0.4l (Total)g/Mar 25 = 0.87 Indirectg/Mar 25
6. Indirectg/Mar 27 = 0.45 (Total)gy/Mar 25 = 1.0 Indirectp/Mar 25

7. No detectable signal for NF (no filter) case in vertical plane;
nowever, it can be stated that ~ 1/3 the total or scattered is received with
receiver facing light source, i.e., in horizontal plane.

Apalysis: The value of Hyp in Fig. 12 in the New Jersey area for an optical
depth of about 9 is too difficult to interpolate, and therefore no comparison
is attempted in this case. It is particularly significant that almost one-
balf the total radiation on a fairly good visibility night as 25 Mar can
reach a target about 4 miles away by means of the indirect light under poor
visibility conditions such as existed the night of 27 Mar.

Figure 20 indicates maximum deviations of +40% from the norm, green
filter, for both the total and indirect intensities, with an absolute maxi-
mmn of 60% during the period. This pattern is associated with fog at a -38°C
temperature and 1} mile visibility. The similarity of the magnitude of vari-
ations for both the total and indirect radiation could be attributed largely
to the predominance of background noise from twilight that was elways pres-
ent, which at its maximum gave rise to a noise level 90% that of the sigpal.
The noise level varied from about 15% of signal when the twilight was at a
minimum to about 90% when at its maximum.

27 Oct 62, 0135-0305 hours, S-11 Response

Weather conditions: sky obscured in 10/10 fog with 300-ft ceiling becoming
400 to 500 £t towards end of test

estimated visibility, 1/2 to 3/4 mile
surface winds, 10 to 13 knots, SE

Results: 1. Hyp/0.2 mile = 5.8 for an optical depth (o D) of 0.84
2. Hyp/0.5 mile = 46 for an optical depth (o D) of 2.1;
Hyp = 7.6 (10 minutes later)
3. 0 0.2 - 0.5 mile = 4.2/mile prior to fog lift
Analysis: These results are plotted in Fig. 12, curve l. The region vwhere
the indirect/direct ratio rapidly increases still shows a steeply increasing

slope at H = 46 so that the direct radiation is but a negligible portion of
the total, i.e., < 1% at an optical depth of about 3.

4|
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About ten minutes after the above results were obtained aut the O.5-mile
poirt, the fog lifted to about 400 to 500 feet, with Hyp dropping from 4o to
‘l+L, accompanied by about a 150% increase in the direct component.

Figure 21 indicates very small fluctuations not exceeding :*5% from the
nor.. This pattern is associated with a fog base at 300 to 500 feet and 1/2
to 3/4 mile visibility.

<4 Oct 62, 0145-0545 hours, S-11 and S-1 Responses

Weather conditions: variable amounts of ground fog, 2/10 to /10 coverage
becoming 6/10 to 8/10 towards end of test

variable visibility between 3 and 10 miles, and
becoming > 50 miles briefly

SE winds, 8 to 10 knots

Results: l. 00,5 - 1,0 mi = O.04/mi (scattered fragments of ground fog,

i.e., about 2/10 at 1 mile);
at 0.5 mi, Hyp/0.5 = 0.061, g D = 0.02

. At 1.0 mi, Hyp/1.0 = 0.080; ¢ D = O.4k

3+ At b5 mi, Hyp/4e5 = 2.3; 0D = 1.80 (0 jm/1ok,5 4 = 0-40/mi)

Hp/h,5 = 1493, oD = 1.71 (0 B/y.y,5 oy = 0+38/m1)
G/, = 102, ¢D = 1.26 (o G/1-k.5 mi = 0.28/mi)
1.26 (OR/1-4,5 mt = ©0.28/mi)
NOTE: Variable amountc of ground fog between 2/10 to /10 coverage with
about 3/10 coverage at the time of the NF (no fiiter) measurements,

and 2/10 for the color filter measurementc. The above results were
obtained with a 0292 ™wumont photarmltiplier, i.e., S-11 response.

HR/L,5 = 0.86, ¢ D

1*0 t\t --O Il..i., Hm/loo = 0070

}{E + IR/lob = ,\09(,

50 :\1: -5 rﬂi, IIB + m/u.‘;

on‘u; g A

4

Le5 pa = 2,1/ud)

(o p + 1R/1

Z‘)QE; g D = ’uo'{5

HR(0.72 - 1.1,)/" -
(0 p/1 - 4.5 mi = 1.5/mi)

Results 4 and 5 were obtained with a 6911 Dumont multiplier photoiube having
an S-1 response, when ground fog coverage had increased Lo o/lO to 'd/lO.

9
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About five minutes elapsed between the IR and 1R + ? meascuremen:s at a
given distance.

Analysis: It is interesting to note in resull ), at L. miles, that 5 jg 1s
about 4L0% greater than o g , Ig 8nd that H 1s about LOb greater than Hp +
IR; While at one mile, Hp , R is about koingreater than Hyp. This effect
seems to be due to the signigicantly greater ratio of the indirect to absorp-

4

tion effects for the near IR over a distance of 4.% miles,

Figure zc indicates a "duct effect” reaching a maximim of over 300% at
4.5 miles. The graphs of responce vs range for the blue, indirect green, and
red spectral regions indicate that the total and indirec. transmittances are
independent of wavelength. The total transmittunces for the different spec-
tral regions are about the same as for a non-attenuating atmosphere with a
negligible surface albedo. Figure << also indicates that the indirect energy
decreases at a rate of more than 300% that of the total energy decrease for
about 1/ mile. Beyond the first mile to 4.5 miles, the total energy
decreases at a much more rapid rate so that at an approximate distance of ten
miles there is very little difference in the amounts of the total and
indirect energy.

Figure ¢35, depicting transmittance vs distance, indicates the indirect
transmittance exceeding the total beyond a distance of about 3/4 mile. Good
visibilities at close to source distances becoming relatively puorer at the
greater distances account for the curves' unusual relative shapes. The total
transmittance, consisting mainly of the direct transmittance, drops more
rapidly than the indirect for close to source good visibility conditions.

But as the visibility lowers with distance in an inhomogeneous atmosphere, in
this case dropping sharply at the greater distances from the source, the total
transmittance drops at a much faster rate than the indirect.

¥igures clba-d indicate fluctuations not exceeding +38%, or -27% from the
normu, under 8 to 10 mile visibilities and +10% or -8% under 5 to 4 mile visi-
billities. There seems to be little fluctuation magnitude differences with
distance under the poor visibili* - conditions, since at the greater distances
there is a greater indirect-to--" ect ratio which overcomes the effect of
refractive index fluctuations f the direct light at greater distances.
This fluctuation pattern is ass.ciated with scattered-to-broken ground fog,
5 miles to greater than 50 miles visibility, and a -0.2°C to u +3°C/200 ft
temperature inversion shown in Fig. 25.

c Nov e, 0129-0325 hours, S-1 Response

Weather conditions: sky obscured in 8/10 fog, with ve:y light falling snow
estimated visibility 3/4 to 1 mile over a 4.5-mi path
south winds, 9 to 10 knots

Results: 1. Hpi, 4.5 md = 12 (0125 hrs) = 24 (Ol:9 nrs)

c. H; 4 Ig/4.5 =10 (0155 hrs) = 19 (0310 hrs)
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3. Hpg 4 /45 =20 (0218 hrs)

L. Total g , gr/4.5 = 91% indirect g , 1r (0230 hrs)
5. H R 4+ qp/%+5 = 20 (0243 hrs)

6. Total yp/4.5 = 90% indirect NF (0245 hrs)

7. Total rp/k.5 = indirect IR (0255 hrs)

8. Total p/4.5 = 95% indirect B (0300 hrs)

9. Hyp/4.5 =13 (0321 hrs)

NOTE: Above results were obtained with a 6911 Dumont photomultiplier,
i.e., S-1 response.

ANALYSIS: It is interesting to note in Fig. 26-a the rapid variations
occurring in fog and very light falling snow within as short as a 2-minute
interval over a 4.5-mile path, where the indirect can exceed the total radi-
ation, with each averaged over 2-minute intervals at a 5/minute flash rate.
It is safe to assume in this case that the total and the indirect continuous
type radiation are equal for all visible and near infrared wavelengths, since
the 4.5-mile distance exceeds the visibility by a factor of about 5. How-
ever, for any short pulse type radiation, the indirect radiation from one
pulse can readily exceed the total from a subsequent pulse.

Figs. 26a-c indicate maximum fluctuations of +33% and -25% from the norm
which occurs for the indirect infrared component at 4.5 miles. The total -
intensity maximum fluctuation in this spectral region is +19% and -23%. The
other spectral regions indicate a somewhat smaller fluctuation gspread. The
magnitudes for the indirect and total intensity fluctuations differ little;
this factor may be attributed to the combined effects of fog and light fall-
ing snow. The fluctuation pattern is associated with 8/10 fog coverage,
3/b-mile visibility, light falling snow, and a =0.3°C temperature spread
between the surface and 200 feet, and -0.07°C between the surface and 87 feet
at 0100 hours becoming -0.2°C and -0.5°C, respectively, two hours later.

7 Nov 62, 0015-0135 hours, S-1 Response

Weather conditions: 10/10 sky obscured in rapidly varying scattered ground
fog with 8/10 to 9/10 stratocumilus at about 1200 feet

estimated visibility 1/2 mile
SE winds, 10 to 13 knots
Results: 1. Hyp/o.p mg = 0.98 (0015-0022 hrs) oD = 1.3
2. HNF/0.5 mi = 102 (0125-0135 hrs) g D = 3.2

(0.2 - 0.5 m = 6:5/mi)

39
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NOTE: The results were obtained with a 6911 Dumont photomultiplier, i.e.,
S-1 response.

Analysis: There is little difference between the H factors for an optical
deptk of 1.3 or greater within 1/2 mile of the source, seemingly due to the
effects of multiple scattering in the presence of some ground fog and a low
cloud deck.

Figure 27 indicates maximum fluctuations of +17% and -12% and +11% and
-22% for the indirect and total intensities, respectively, at the 0.2 and
0.5 mile distances. The indirect fluctuations exceeding the total could be
due to the scattered ground fog, which varied both in space and time. This
fluctuation pattern is associated with 8/10 to 9/10 clouds at 1200 feet, with
scattered ground fog, 1/2 mile visibility, = surface to 200 feet temperature
spread of +3.2°C and a surface to 87 feet temperature difference of +1.8°C
at 0000 hours and +40.4°C and 0.1°C, respectively, two hours later.

8 Nov 62, 0000-0145 hours, S-1 Response

Weather conditions: sky partially obscured by varying amounts of scattered
ground fog (with 10/10 thin cirrostratus clouds) at
the beginning of test up to l-mile measurements, and
becoming clear afterwvards

visibility of about 2 miles at 1/2-mile point, improv-
ing towards »>50 miles between the 1 and 4.5-mile
distances

single and double images of ground lights observed at
about the 2-mile point, with uppermost image appearing
about 70 feet from surface; +12°C to +13.5°C gradient
(1.5°C increase occurred over a 7S5-minute interval)

ESE winds, 4 to 6 knots

Other wveather observations: At the start of the test a faint corona of about
1/2 d~gree diameter appeared around the 100W red light at the 100-ft tower
level. A light halo existed around the surface floodlights at Camp Century,
vhile a light ground fog was noticeable up to about 70 feet. There was very
little noticeable ground fog at the one-mile point, and this appeared within
4O or 50 feet of the ground. However, about 15 minutes later, the ground

fog had obscured the surface floodlights. About 10 minutes later, single

and even occasionally double images of the two visible surface floodlights
appeared about 70 feet from the surface near the two-mile point. Five minutes
prior to this refractive phenomenon, light ground fog was observed to a
height of about 90 feet through an 8-powsr telescope.

Results: 1. Hyp/0,13 = 0.42; gD = 0.2

2. Hyw/o.5 = 0.38 (o 0.13 - 0.5mi = 1.59/mi); g D = 0.80

3. Ten minutes later than 2, above: H .5 = 0.23 (o -
= 1.67 mi); oD = 0.84 /93 0.13 = 0.5

L3 e
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4. Ten minutes later than 3, above: Hyp = 0.04 (o = 1.54/mi);
oD =0.77

5+ 0(0.13 - 0.5 mi) = 1+59 =®1.67 = 1.54/mi in about 25 minutes
6. Hyp/1 = 0.5% (00,5 . 1 mi = 1:46/mi); oD = 1.5
7. Hgp/y,5 =031 (01 - 4,5 mi =0.27/mi); gD = 0.12

IOUE: The above results were obtained with a 6911 Dumont photamultiplier,
i.e., S=1 response

‘malysis: Scattered ground fog caused the relatively high H values at the
O.1l4-and initially at the O0.5-mile points. Hovever, it is interesting to note
that ¢ changed but slightly during about 25 minutes at the O.5-mile point,

vet H dropped rapidly in that time by almost one order of magnitude. This can
nerhaps oest be explained by the deterioration of the ground fog above the
Light source, i.e., 100 feet.

Tt can also be noted from Fig. 28 that the indirect intensity begins to
lecrease at a more rapid rate than the total at about one mile and continues
tc do s0 until at least the 4.5-mile point. The ratio of the inverse square
(1.0 atmospheric attenuation and negligible surface albedo) to the total
intensity equals 2.25 t6%. The indirect transmittance curves of Fig. ¢9 show
the expected increasingly smaller drop with distance than the total
transmittance.

Fiogs. 30a-c indicate the extreme variations that can occur under certain

weather conditions. These extreme variations or fluctuations occur at 4.5

‘les under excellent visibility conditions and steep temperature vertical
cacients. Maximum total intensity variations of +160% and -80% from the
Wrm a \p'-a.r at 4.5 miles with a greater than 50-mile visibility, and a 12.0°C
invers lon between the surface and 200 feet and a 10.3°C inversion between the
surface and 57 feet. The indirect variations did not exceed :10% from the
norm. About 15 minutes later the variation increased sharply to +325% and
-60% rom the norm. It was during an hour's interval, including this period,
1t he teuwperature inversion was becoming steeper so that 15 minutes after
¢ e abuve variations occurred a 13.5°C inversion occurred between the surface
and 200 feet, wnile a +13.3°C inversion occurred between the surface and

Jf feevt,

S Nov 62, 0000-0200 hours, S-1 Response

eather conditions: sky obscured by lO/lO fog, with about a 700-ft ceiling
and scattered patches in the vicinity of the 200-ft
tower level

variable visibility from about 3 miles to > 50 miles,
-1.4 to =1.6°C gradient (vertical)

S winds, 3 to 5 knots
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