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ATMOSPHERIC OPTICAL MEASUREMENTS IN CENTRAL COLORADO 

IN CONNECTION WITH LONG RANGE OBLIQUE PHOTOGRAPHY* 

Almerian R. Boileau 

INTRODUCTION 

The Visibility Laboratory of the University of California, San Diego Campus, is engaged in 
an ongoing research program relating to image transmission through the atmosphere. This work 
has been carried on under U.S. Navy Ship Systems Command Contract No. NObrs-95251, Task II, 
and this report is the final report under that task. The work is continuing, however, under 
Air Force Contract No. F19628-67-C-0181. Included in this report, as Appendix B, is a l ist of 
Visibility Laboratory reports and journal articles that are applicable to this work. 

As a part of this program, atmospheric optical and meteorological data were recorded in cen­
tral Colorado, Flight No. 660911, simultaneously with experiments in Long Range Oblique 
Reconnaissance Photography (LOROP) conducted by Honeywell Systems and Research Division, 
Minneapolis-Honeywell Corporation for the Air Force Avionics Laboratory at Wright-Patterson Air 
Force Base, Ohio. 

The primary purpose of the flight was to obtain data for calculating atmospheric beam 

transmittance, contrast transmittance, and path luminance along a path of sight from Pikes 

Peak to Castle Rock, Colorado in support of LOROP. An additional purpose was to obtain data 

for calculating beam transmittances for vertical paths of sight from several selected altitudes to 

the ground, the altitudes being those used for photographic photometry. 

SUMMARY OF RESULTS 

The luminous transmittances and path luminance from Pikes Peak to Castle Rock, 
Colorado, were*: 

Beam Transmittance - T 3 3 0 3 n - m Q4 000, 92° 17 , 14°) = 0.238 

Universal Contrast 

Transmittance - r 3 3 0 3 n m (14000, 92° 17 , 14°) = 0.161 

Path Luminance - B * 3 - 0 3 n - m . (14 000, 95°, 14°) = 204 Candles ft"2 

ft 

This report is a result of research supported by Air Force Cambridge Research Laboratories, Air Force Avionics 
Laboratory, and Naval Ship Systems Command. 

Here the path length (subscript) is given in nautical miles and altitude (parenthetical quantity) is in feet. See 
J. Opt. Soc. Am._47. 6, 499-500 for discussion of notation and App. Opt. 3, 5, May 1964, for discussion of 
transmittances. 
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Altitude (Feet) 

oo 

30 000 

25 000 

20 000 

15 000 

10 000 

7 200 

The beam transmittances for the vertical paths of sight for the total atmosphere and the 

several altitudes were: 

T r ( z , 180°, 0°) 

0.686 
0.752 
0.756 
0.762 
0.791 
0.839 
0.950 

The target reflectances were: 

Target t R(0, 0°, 0°) 

White target 0.822 

Gray target 0.315 

Black target 0.030 

FLIGHT PLAN 

The two main components of the Honeywell LOROP installation were a camera located on 
Pikes Peak, pointing in a northerly direction, in the direction of Castle Rock, and a target 
array spread on the sloping southern side of a mesa (referred to as " target mesa") located 
several miles south of the town of Castle Rock. The altitude of the camera was approximately 
14 000 feet. The altitude of the target array was approximately 6000 feet. The zenith angle of 
the line of sight was 92° 17 , or 2° 17 below the horizontal. 

For the primary purpose of the flight it was planned to record data along the path of sight 
from a starting point near the camera to an end point just above the target array. 

For the second part of the flight it was planned to go to altitude over the target mesa and 

photograph a panel of three 25-foot-square targets, one black, one white, and one gray, spread 

horizontally on the mesa. This panel was to be photographed from various altitudes (as listed 

in Introduction and Summary) with a modified K22 Aerial Camera mounted in the aircraft, 

pointing vertically downward. (Camera fitted with nine identical lenses but with nine different 

optical filters making nine spectrally different, simultaneous exposures.) At the completion 

of the photographic phase the aircraft was to be taken back to altitude and atmospheric optical 

data necessary for the calculation of the vertical path of sight transmittances was to be record­

ed during a continuous, level-attitude, constant-heading descent . Meteorological data were to 

be recorded throughout the flight. 

During the period of this flight, atmospheric optical data were to be recorded also in a 
mobile ground station situated on the target mesa close to the three-target panel. 
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PROCEDURE 

The aircraft, Air Force C-130 No. 022, took off from Peterson Field (Colorado Springs), at 

0855*. 11 September 1966, and proceeded to the vicinity of Pikes Peak. At the time of take-off 

the dry air temperature was 14.2°C, the atmospheric pressure was 811 mb, and the sky was free 

of clouds. The wet bulb thermometer at take-off showed a temperature of 9.4°C, from which the 

relative humidity was calculated to be 56 percent. The relative humidity at take-off as recorded 

by AMQ-17 aerograph was 48.4 percent. 

At 0919, a continuous, level-attitude descent was initiated near the camera station on Pikes 

Peak at an altitude of 14 000 feet. The descent ended at 0929, at 6600 feet, over the target 

mesa. This aircraft track is shown in Fig. 1. The pilot of the aircraft, trying to keep his flight 

/ ffi DENVER { § M § § | L J ? § ? QJJ 

r^-§^ \ 1® 
CASTU ROcft GET ,RRAy 

02 

YPIKES/\ J_ / \ 
IvPEAK/v^-M-/ \ 
( / "rtCOLORADO \ 

J CAMERA ) \ SPRINGS 

j4 w 
^ t g T 

J PUEBLO#=^xs v® 

Fig . 1. Aircraft track for Flight 660911. The first 
descent was started at 0919 from 14 000 feet near 
P ikes Peak and ended at 0929 at 6600 feet over the 
target array. The second descent was from 1155 at 
32 000 feet over the target mesa ending at 1216 at 
5500 feet eas t of Colorado Springs. All times are 
mountain daylight-saving time (MDT). 

path close to the slant path of sight from the camera to the target array, failed to keep the air­

craft on a constant heading, or at a level attitude. As shown in Fig. 2, the aircraft heading at 

the start of the descent was 19° Mag., and at the end of the descent was 345° Mag. The devia­

tion of the aircraft from a level attitude can be inferred from a plot of the altitude of the aircraft 

vs . time, Fig. 3 . 

Following the completion of the slant path of sight descent at 0929 the aircraft was flown 

to an altitude of 30 000 feet over the target mesa for the start of the photographic phase of the 

flight plan. Seven photographic runs were made, the first at 1010, at an altitude of 30000 feet, 

Mountain daylight-saving time. 
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Fig. 2. Magnetic heading of aircraft during d e s c e n t s . 
During the first descent , from 0919 to 0929, the re­
quirement to keep aircraft pointing toward target 
array necess i ta ted different magnetic headings to 
compensate for wind drift at various a l t i tudes . During 
the second descent the requirement was to maintain 
the selected heading. 

Fig. 3, Aircraft att i tude during first descen t . The 
requirement during this descent was to keep aircraft 
on camera path of sight from P ikes Peak to target 
array, a very difficult task when the target array was 
not discernible to the pilot until the las t part of 
the descent . 

the last at 1108, at an altitude of 7200 feet. Immediately after the photographic runs, the air­
craft was flown to an altitude of 32 000 feet, over the target mesa, and at 1155 the pilot started 
a level attitude, constant rate descent from the target mesa in a southeasterly direction, on a 
heading of 150° Mag. This track is also shown in Fig. 1. The pilot kept the level attitude and 
a nearly constant rate of descent but did not keep the aircraft heading constant, ending the des­
cent at 1216, at an altitude of 5500 feet, on a heading of 127° Mag. Again, the aircraft heading 
is shown in Fig.BBS During this descent, clouds were observed along the flight path. 



The temperature profiles for both descents are shown in Fig. 4. The profiles for relative 
humidity, recorded on AMQ-17 aerograph, are shown in Fig. 5. 
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Fig. 4. Temperature profiles. The temperature profile 
for the first descent is shown in the broken line; the 
second descent is the solid line. 

F ig . 5. Relat ive humidity profiles. The relat ive 
humidity during the first descent was about 40%. 
During the second descent , between alt i tudes of 
21 000 feet, the altitude of the temperature inversion 
(see F ig . 4), and 13 500 feet, the relative humidity 
was 70% or more. Relat ive humidity of 70% is a 
" c r i t i c a l " value above which water droplets change 
greatly in s ize with small changes of relat ive humid­
ity. Hence this is a value above which moisture tends 
to condense on exposed optical e lements , a condition 
experienced during flight 660911. 
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DATA 

The following optical and meteorological quantities were recorded: 

Aircraft Data 
QUANTITY SYMBOL 

Downwelling illuminance E ( z , - ) 

Upwelling illuminance E (z ,+ ) 

Horizontal luminance path 
function B*(z, 90°, <f>) 

Equilibrium luminance B q ( z , 90°, 0) 

Background luminance b B r ( z , 95°, 0 ) 

Ambient pressure P 

Ambient temperature t 

Relative humidity R.H. 

Ground Station Data 
QUANTITY SYMBOL 

Downwelling illuminance E(6000 , - ) 

Equilibrium luminance B q (6000, 90°, 0°) 

Zenith luminance B* (6000, 0°, 0°) 

Luminance of sun's disc ^ ( 6 0 0 0 , 0 B , 0 . ) 

Sky luminance 90° from sun B* (6000, 6', </>') 

Target luminances t B 0 (6000, 180°, o°: 

UNITS 

Lumen ft" • 2 

Lumen ft~ •2 

C andle f t - 2 n . m."1 

Candle ft" -2 

Candle ft" -2 

mb 

°C 

% 

UNITS 

Lumen f t - 2 

Candle f t - 2 

Candle f t - 2 

Candle f t - 2 

Candle ft"2 

Candle fir2 

The following quantities were derived from the above measured quanti t ies: 

QUANTITY SYMBOL 

E ( z , +) 
Terrain ref lectance ' 

Target reflectances 

Attenuation length 

R(z , 0°, 0°) = 

t R 0 (6000, 0°, 0°) = 

E ( z , - ) 

77 tB0(6000, 180°, 0°) 

E(6000, - ) 

L(z) 
B q ( z , 90°, <f>) 

B*(z, 90°, $) 

UNITS 

Dimensionless 

Dimensionless 

Nautical miles 

1. Terrain plus intervening atmosphere. 
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QUANTITY SYMBOL UNITS 

Beam transmittance T r ( z , 0, <f>) =e- H 
1 

0 L ( O ) Dimensionless 

or 

T r ( z , 0, <f>) = e - s e c e 1T1T) Dimensionles0 

Total atmospheric 
transmittance ' ^ ( 6 0 0 0 , 03,<?SS) 

^ ( 6 0 0 0 , 0„,<fts) 

sBo(oo,0 s ,<£ s) 
Dimensionless 

Total atmospheric 
transmittance 

TM (6000, 0°, 0°) = [ T „ (6000, 0S, <f>m) ] Dimensionless 

Contrast transmittance 

Path luminance 

r r (z , 0, 0) 
T r ( z , 0, <f>) b B 0 ( z , 0, <f>) 

b B r ( z , 0, </>) 

B?(z,0, <£) = bB r (z , 0 ,0 ) - bBo(z,0,<£) T r ( z , 0, 0 ) 

Dimensionless 

Candle ft"2 

GRAPHS 

Illuminance and Reflectance 

Downwelling and upwelling illuminance, E ( z , -) and E ( z , +), respectively, are shown in 

Fig. 6. Both the downwelling and upwelling illuminance profiles for the first descent, from 

0919 to 0929, are " n o i s y " . The noisiness of the downwelling profile is believed to be caused 

by one of the aircraft's radio antenna intermittently casting a shadow across the illuminometer. 

The noisiness of the upwelling illuminance profile is believed to be due to the terrain features. 

And, of course, the reflectance profile for the first descent, Fig. 7, is also noisy. 

The illuminances for the second descent, from 1155 to 1216, are much smoother plots than 
the first descent plots, and the reflectance profile for that descent is also much smoother than 
that for the first descent . 

The reflectance during the first descent varies from about seven percent to fourteen percent. 

The reflectance during the second descent varies about ten percent to twenty percent. 

1. The oxuet equation is: 

T^lf iOOO, 0, , <A„> 
,B^(fi000, 0., 0.) B^(6000, 0„, d>,) 

„B 0 (~ , » . , * . ) , B 0 ( ~ , 0.. * . ) 

where B„,((i000, 0B, <£„) is the luminance of the iniroolc of the sun very close to the sun. This quantity is , to a very 

close approximation, the path luminance along the path of sight to the sun, and is usually less than one percent of the 

luminance of the sun. 
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tance of the terrain plus the intervening atmosphere. 
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Fig. 6. Downwelling and upwelling i l luminances. 
The irregularit ies in the profile of the downwelling 
illuminance during the first descent are believed to 
be due to a shadow of an antenna falling intermit­
tently across the llluminometer. The irregularit ies in 
the profile of the upwelling illuminance during that 
descent are believed to be due to the terrain features 
and shadows caused by a low sun. The approximate 
zenith angles of the sun during the two descen ts 
were 58° and 37°. 

Path Function 

Figure 8 presents the Horizontal Path Function profile for both descen ts . The horizontal 

path function profile for the first descent shows that there was an absence of haze layers be­

tween 14 000 feet and 6600 feet at the time indicated. The profile for the second descent shows 

the presence of several haze layers. 
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Fig. 8 . Horizontal path function profiles. The atmos­
phere between 14 000 feet and 6600 feet was virtually 
free of measurable haze layers during the first des ­
cent. During the second descent clearly defined haze 
layers wore present at 27 700 feet, 24 400 feet, 21800 
feet, and 18100 feet. The shape of the profile be­
tween 15 400 feet and about 12700 feet indicates an 
increasingly heavy but not clearly defined haze layer. 

F ig . 9. Equilibrium luminance measured and derived 
profiles. Condensation of moisture on optical e le­
ments of the equilibrium luminance telephotometer at 
about 21000 feet caused instrument to indicate in­
correct luminance values down to about 10000 feet. 
The broken line sect ion of the profile between those 
al t i tudes was derived from other data . See Appendix 
A for derivation. 

Equilibrium Luminance 

The profiles of the equilibrium luminance for both descents are presented in Fig. 9. The 
radical change of equilibrium luminance during the first descent, at 8500 feet, was the result of 
either the equilibrium luminance telephotometer looking at the target mesa during the time the 
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pilot put the aircraft in a nose-down attitude, as indicated in Fig. 3, or condensation of mois­
ture on the telephotometer optics. The relative humidity profile, Fig. 5, shows 40 percent 
relative humidity at that time, so the probability of moisture having condensed on the optics is 
not considered likely. The general similarity between the equilibrium luminance profile, from 
8500 feet down to 6600 feet, and the background luminance profile for the same altitudes (see 
Fig. 11), causes one to think that the radical change of equilibrium luminance was due to the 
pilot having put the aircraft in a nose-down attitude. Inasmuch as the equilibrium luminance as 
measured by the ground-based photometer during the time of this descent was 529 candles f t - 2 , 
a value very close to the values between 10 000 and 8500 feet as measured by the aircraft 
photometer (540 candles f t - 2 ) an interpolation as shown in Fig. 9 was used to replace the 
questionable data of the first descent. 

The equilibrium luminance profile for the second descent shows a radical change at 21000 
feet which, in view of the seventy percent relative humidity at that altitude (see Fig. 5), must 
be interpreted as being caused by the condensation of moisture. This profile from 10 000 feet 
to 5300 feet appears to be good data, but using these data for calculating attenuation length 
L(z) introduces doubt as to their validity. 

Attenuation Length 

Figure 10 presents the attenuation length for both descents . This is calculated from the 
equilibrium luminance values and the horizontal path function values by the equation 

L(z) = B q ( z , 90°, <£)/B*(z, 90°, <£)• 

The data for the first descent appear to be good data, and are believed to be correct. The data 
for the second descent below 21 400 feet are open to question, but are considered to be the best 
available. 

Background Luminance 

Figure 11 presents the background luminance data b B r ( z , 95°, cf>) for both descents . The 

first descent , along the path of sight from Pikes Peak to the target mesa, was at an angle of 

2° 17' below the horizontal. The telephotometer with a 5° field was set at a 5° angle below 

the horizontal so that the upper limit of the acceptance cone was 2V2° below the horizontal. 

This insured that if the aircraft was maintained at a level attitude the field of the telephoto­

meter was always filled with terrain radiance and not sky radiance. It also caused the te le­

photometer to see the terrain from 2'/2° below the horizontal to 7!/20 below the horizontal, just 

below the target array at 2°17 below the horizontal. From Fig. 2 we know that the pilot did 

not maintain the aircraft in a level attitude, but we do not know how far he deviated from the 

horizontal attitude. 

See Appendix A for the development of the derived da ta , the data indicated by the broken l ine. 
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Fig. 10. Attenuation length profiles calculated from 
equilibrium luminance and horizontal path function 
data. The broken line section of the profile of the 
second descent resulted from using the derived part 
of the equilibrium luminance profile (Fig . 9.). 

Fig. 11. Apparent background luminance profiles for 
a zenith angle of 95°, i .e . , 5° below the horizontal . 
The most probable values of the apparent background 
luminance for the two ends of the camera path of 
sight (measured during the first descent) were taken 
as the mid va lues between the two bracketing parallel 
straight l ines . The background luminance data for the 
second descent between 21500 feet and 10500 feet 
were lost because of condensation of moisture. 

The background luminance profile for the first descent, as shown in Fig. 11, shows con­
siderable variation in the luminance values. The low luminance values at 13 000 feet and 
7400 feet were the values recorded when the aircraft was in a nose-down attitude. The high 
luminance value at 9000 feet appears to be associated with a nose-high attitude at that altitude. 
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In an attempt to get a most probable value of background luminance to be used for determin­
ing the path luminance, the background luminance profile was bracketed by two parallel straight 
lines (on the semilogarithmic graph paper) and the midpoint at 14 000 feet and 6600 feet were 
taken as the most probable values of apparent background luminance for the two ends of the 
path of sight. 

Background luminance data were lost during the second descent, from 21 500 feet down to 
10 500 feet, due to condensation of moisture on the optical system of the photometer. Below 
10 500 feet the data are probably good. It is interesting to note that from 31500 feet down to 
21500 feet the variations in the profiles of the equilibrium luminance B q ( z , 90°, </>) and back­
ground luminance b B r ( z , 95°, <£) are virtually inverse of each other, the background luminance 
being approximately seventy percent of the equilibrium luminance. Below 10 500 feet the pro­
files are virtually the same, but now the background luminance is approximately twenty-five 
percent of the equilibrium luminance. 

Figure 12 is a plot of horizontal path function B* (z, 90°, cf>) vs . simultaneously recorded 
relative humidity values. The horizontal path function values of 45 candles f t~ 2 n .m. - 1 and 
above are those recorded at the 15 000-foot altitude and below. The horizontal path function 
values less than 45 candles f t _ 2 n . m . _ 1 are those recorded above 15 000 feet. The plot of the 
horizontal path function values of the upper atmosphere vs . relative humidity shows a pattern 
normally occuring in a maritime-tropical air mass, that of increasing path function value with 
increase of relative humidity. The path function values below 15 000 feet do not show this 
pattern, but show instead a pattern of increasing values of path function with decreasing 
values of relative humidity. The air mass for the area and day in question was reported by 
the weather bureau as being a continental-polar air mass . 
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Fig . 12. Horizontal path function v s . relat ive humid­
ity. The values of horizontal path function of 45 
Candles F t - 2 n . m . - 1 and less were those measured 
in the upper atmosphere, above 15 000 feet, and show 
a pattern normally associa ted with a maritime-tropical 
air mass . The values above 45 Candles F t - 2 n . m . - 1 

were those measured in the lower atmosphere, below 
15 000 feet, do not follow this pattern. The weather 
bureau reported a continental-polar air mass for this 
geographical area. 
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APPENDIX A 

Replacement of Faulty Equilibrium Luminance Data 

The replacement of the faulty equilibrium luminance data due to condensation of moisture 
on the telephotometer optics was accomplished by the following s teps : 

(1) Determining, by the use of good data, the transmittance for vertical path of sight 

from 32 000 feet to 21 200 feet. 

(2) Similarly determining the transmittance for vertical path of sight from 10 000 feet 
to 6000 feet using probably good data. 

(3) Obtaining total atmospheric transmittance for vertical path of sight from ground-
based optical equipment. 

(4) Calculating a probable transmittance from 21200 feet to 10 000 feet from the data 
in (1), (2), and (3). 

(5) Test ing, by successive tr ials , equilibrium luminance profiles over the altitude 
range in question, calculating comparable attenuation length profiles, and finally, 
obtaining a reasonable transmittance for vertical path of sight over that range. 

Discussion 

Calculations of transmittances for a vertical path of sight is done by using one of the two 
following equations: 

/-z d z 

T r ( 0 , 0°, 0°) = e ° L ( z ) (1) 

when the slope of the attenuation length profile (plotted on semilogarithmic paper) is the same 

as the slope of the attenuation length profile for an optically standard atmosphere, and 

z £A z A: 
- 2 

T r (0 , 0°, 0°) = e ° L ( z ) (2) 

when the attenuation length profile is irregular, i .e . , does not have a straight line plot. In 
both cases it is necessary to know L(z) the attenuation length as a function of altitude. The 
attenuation length L(z) is calculated from the equilibrium luminance B (z, 90°, cj>) and the 
luminous path function B* (z, 90°, r/>) by the equation 

L(z) = B q ( z , 90°, <£)/B*(z, 90°, <j>) (3) 

"Transmittance" throughout this appendix refers to beam transmittance. 

15 



An L(z) profile is not possible however, because even though the path function data, shown in 

Fig . 8, are good data, the equilibrium luminance data, shown in Fig. 9, must be evaluated. 

In Fig. 9, the equilibrium luminance profile for the second descent consists of three separ­
ate segments. The high altitude segment, from 31 000 feet to 21200 feet, appear to be good 
data when properly evaluated. The mid altitude segment appears to be use less because of 
suspected condensation of moisture on the telephotometer optics . The low altitude segment 
is probably good data. 

Upper Altitude Transmittance 

The fluctuations of the equilibrium luminance of the high altitude segment are attributed to 

the passage of small clouds across the field of the equilibrium luminance telephotometer. The 

photometer was pointed in a southerly direction, looking toward the sun, so that the clouds 

were back-lighted. This caused the clouds to appear dark against the equilibrium luminance of 

the sky. Accordingly, the high altitude attenuation length profile, in Fig . 8, fluctuated from a 

series of maximum values which are believed to be correct values to lesser , believed-to-be-

incorrect values. Two straight lines having the slope for an optical standard atmosphere fit 

the two series of maximum values so that transmittance for the two altitude ranges from 32 000 

feet to 28 000 feet and 28 000 feet to 21200 feet were found by using Eq. 1. 

Lower Altitude Transmittance 

The attenuation length profile for the low altitude segment is not amenable to the above 

treatment and, therefore, required that the transmittance for that segment be found by the use 

of Eq. 2. 

Total Atmospheric Transmittance 

The transmittance of the vertical path of sight for the total atmosphere was determined from 
the ground station measurements. Two measurements made at the ground station are the appar­
ent luminance of the sun sBDO (6000, 6s, $>s) and the luminance of the sun's aureole 
B^, (6000, 6B, <j>s) approximately XA° from the edge of the sun 's d isc . Then the transmittance 
of the total atmosphere at an zenith angle 6a is found by the equation 

S B 0 ( ~ , es, <f>a) S B 0 < ~ , ea, <£s) 
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and the transmittance for the vertical path of sight is found by the equation 

Too(6000, 0°, <£s) = ^ ( 6 0 0 0 , 6a, <£ s ) c o s 9s (5) 

The right hand term of the right member of Eq. 4 has been found to be several orders of 
magnitude less than the left hand term of that member. Accordingly, that term is disregarded. 
Thus, the transmittance determined by the ground based equipment situated on the target 
mesa was 

^ ( 6 0 0 0 , 6a, cf>a) 
^ ( 6 0 0 0 , 0s,«£s) = 1 - ^ L Z l _ ( 6 ) 

S B 0 ( ° O , ea, 4>a) 

and the transmittance for the vertical path of sight was found by Eq. 5. 

Calculating Probable Transmittance 

The transmittance for a segmented path of sight is the product of the transmittances for 
all of the segment. That is 

T = T " T ' T (7) 
r i l r 2 r n y" 

Accordingly, an approximate value of the mid altitude transmittance was found as 

Too(6000, 0°, 0°) 
T l t 2 0 0 (10 000, 0°, 6°) = • (8) 

T , 0 8 0 0 (21 200, 0°, 0°) x T 4 0 0 0 (6000, 0°, 0°) 

By making the equilibrium luminance B q ( z , 90°, </>) have a constant value of 920 candles f t - 2 

from 21300 feet down to 10100 feet, as shown in Fig . 9, the attenuation length profile between 
those altitudes as shown in Fig. 10 was produced. 

A probable mid-altitude transmittance between these alt i tudes, Tl t 2 0 0 (10000, 0°, 0°) was 
then calculated by Eq. 2. When the total transmittance between 32 000 feet and 6000 feet was 
calculated as the product of the three separate transmittances the value was found to be con­
sistent with the transmittance for (1) the total atmosphere T K (6000, 0°, 0°) and (2) the trans­
mittance TM (32 000, 0°, 0°) for the atmosphere above 32 000 feet. 
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