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ABSTRACT 

Monte Carlo calculations for monochromatic point isotropic sources 

were used to determine the direct and scattered transmittances for 

blackbody sources. Atmospheric Transmittances were computed for flat 

plate receivers oriented so as to be 1) perpendicular to the source- 

receiver direction, 2) parallel to the ground surface, and 3) perpendicular 

to the ground surface. The receiver surface was always facing the point 

isotropic blackbody source. The transmittance calculations were made for 

blackbody source altitudes of 1, 9, and 50 km, a receiver altitude of 6 m, 

and receiver horizontal ranges from 0 to 90 km. The transmittance cal¬ 

culations for each of the receiver orientations were performed for model 

atmospheres designed to represent a morning tropical atmosphere and an 

afternoon tropical atmosphere. Transmittance calculations for receivers 

oriented normal to the source-receiver axis were also performed for 

summer, winter and winter inversion midlatitude atmospheres, and an 

arctic atmosphere. For the 1 km source altitude in the morning and 

afternoon tropical atmospheres, transmittance calculations for blackbody 

sources were performed for cases where these atmospheres contained a 

cloud layer with the bottom of the cloud layer being at an altitude 

of eitner 1.5 km or 3.5 km. The atmospheric transmittance data for 

blackbody sources as a function of the blackbody source temperature 

were folded with data giving the time distributions of the ter.perature 

and power emission of a fireball produced by an air burst of a nuclear 

weapon to give atmospheric transmittance data for an air burst. 

Calculated data are present *d showing the dependence of the atmospheric 

ill 
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transmittance for blackbody sources on the blackbody temp».nature and 

the dependences of the atmospheric transmittances fo; an air burst 

of a nuclear weapon on receiver orientation, burst altitude, horizontal 

range and the ground albedo. 
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I. INTRODUCTION 

The efficiency with which the atmosphere transmits the thermal 

radiation from a nuclear detonation depends on many parameters. In 

particular, the efficiency is a function of the scattering and absorption 

properties of the atmosphere, the ground albedo, the source and receiver 

positions, the receiver orientation, and the thermal characteristics of 

the weapon to be used as a source. The parameters describing the 

scattering and absorption properties of the atmosphere vary continuously 

with time, but in general it is possible to assign some average values 

to these parameters so that they are dependent only,on the season of the 

year, the geographical location, and the ground level visibility. By 

assigning values to these parameters it is possible then to formulate 

model atmospheres for use in avaluating the atmospheric transmission of 

thermal radiation. 

The thermal pulse from a nuclear weapon is characterized by a rapid 

rise to a maximum irradiance level, a rapid decline to a minimum, and a 

slow rise to a second maximum, and then a slow decay to zero irradiance. 

Because of the relative small amount of irradiance in the first thermal 

spike, and the fact that it is mostly in the ultra violet region, the 

thermal pulse is usually assumea to have only one thermal maximum which 

occurs at the time t for the second maximum. The thermal radiation 
max 

source at any particular time following a nuclear detonation is usually 

described in terms of a blackbo^ source with a given temperature. The 
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blackblody temperature of a nuclear weapon source In the time interval 

In which most of the irradiance la produced la usually r.saumed to vary 

between about 2000fK and 9000°K. Within this temperature range, moat 

of £ha thermal radiation emitted by a blackbody source will have wave¬ 

lengths between 0.3y and 4.0u. 

Since the scattering and absorbing properties of the atmosphere 

vary with wavelength, it Is necessary that the transmission propertl»a 

of the atmosphere be known for discrete wavelengths between 0.3u and 

4.0u so that the transmission properties for the thermal radiation 

emitted by blackbody sources with given temperatures can be evaluated. 

Model atmospheres were formulated to describe morning and afternoon 

tropical atmospheres, summer, winter and winter inversion midlatitude 

atmospheres, and an arctic atmosphere. Scattering and absorption 

coefficients for these atmospheres were then used as input data to the 

LITE-III Monte Carlo Code (Refs. 1 and 2) for calculation of the scattered 

and direct fluxes incident on flat plate receivers oriented so as to be 

normal to the source-receiver axis and facing the point source. The 

Monte Carlo calculations were run for monochromst!: point isotropic 

sources located at source altitudes of 1, 9, and 50 km and for receivers 

placed 6 meters above the ground and at horizontal ranges to 90 km. 

Since the thermal energy incident per unit area on a flat surface is 

dependent on it's orientation with respect to the point source, transmission 

calculations for the morning and afternoon tropical atmospheres were also 

made for cases where the flat plate receivers were facing the souice and 

both perpendicular to the ground surface and parallel to the ground surface. 
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To study the effect of clouds located above a point source on the 

thermal energy incident to flat plate receivers, LITE-III calculations 

were also made for cases where the point source was located at 1 ka 

altitude In the morning and afternoon tropical atmosphere when a cloud 

layer was present with its base at altitudes of either 1.5 km or 3.5 km. 

The LITE-III calculations for each model atmosphere as a function 

of wavelength and receiver orientation were Integrated over blaclcbody 

wavelength distributions for give», temperatures to determine the 

transmittance as a function of blackbody temperature. These data were 

then integrated over blackbody temperature an! power emission distribu¬ 

tions for a representative air burst to provide transmittance data for 

a nuclear weapon burst. 
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II. DESCRIPTION OF MODEL ATMOSPHERES 

The atBosp.^eric temperature, pressure and density profiles for each 

of the model atmospheres were taken from the tabulation given In the 

Handbook of Geophysics and Space Environments (Ref. 3). The water vapor 

densities to 10 km altitude for each of the model atmospheres were also 

taken from the Handbook of Geophysics and Space Environments. Table I 

gives the absolute humidity at ground level for each of the Model 

Atmospheres. 

Each of the model atmospheres were defined only to an altitude of 

50 km since the mean-free-path thickness of the atmospheres above this 

altitude is negligible for light with wavelengths between 0.3y and 4.Ou. 

The Rayleigh scattering cross section per molecule at 15* C and 

1013 mb pressure as a function of wavelength for the 13 wavelengths used 

in this study were computed Ky use of the equation reported by Penndorf 

a 

(Ref. 4). The altitude variation of the Rayleigh scattering coefficient 

was obtained by multiplying the;Rayleigh scattering cross section per 

molecule by the altitude distribution of the molecular number density for 

each atmosphere. 

The vertical distribution of the aerosol attenuation coefficient 

was based on the average of 105 measured profiles that were obtained 

by Elterman from a searchlight scattering experiment in New Mexico 

(Ref. 5). The aerosol size distribution and ground level visibility 

used for each of the model atmospheres are given in Table I. The 

aerosol coefficient, op, for 0.55y wavelength light is defined at 



oR(X- 0.55y) + op(X - 0.55y) - 3.9/V 

where V Is the miteorological range in Inn and oR la the Rayleigh scattering 

coefficient at ground level. From a knowledge of the aerosol size distribu¬ 

tion and the aerosol attenuation coefficient for 0.55y wavelength light 

one can then compute the variation of the aerosol attenuation coefficient 

with wavelength. 
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The aerosol particles were assumed to be spherical water droplets 

with Indices of refraction as a function of wavelength given by a tabu- 
•n 

lation reported by Cmteno (Ref. 6). The scattering, absorption, and 

extinction coefficients and phase functions for aerosol scattering were 

obtained from an integrrtion of Mie data for the various indices of 

refraction over the aerosol size distributions shown in Table 1. 

The water vapor density profiles for the model tropical and mid- 

latitude atmospheres were exterded J!rom an altitude of 10 km to an 

altitude of 35 km by use of the water vapor mixing ratio profiles 

reported by Gutnick (Ref. 7>. Above 35 km altitude tne water vapor 

density was assumed to be negligible. Table II liste the total amount 

of pr-cm of water vapor between ground level and altitude h for each of 

the model atmospheres except the arctic atmosphere which was assumed to 

have negligible absolute humidity. The absorption coefficient for water 

vapor was assumed to be negligible for wavelengths below 0.8p. The 

absorption coefficients as a function of wavelength for water vapor were 

taken from data reported by Wyatt, Stull, and Plaas (Ref. 8) and Eldridge 

(Ref. 9). 

The relative concentration of CO^ in the atmosphere was taken to 

be Q.Q33X by volume for all altitudes. The COj absorption coefficients 

as a function of wavelength for wavelengths between l.Jlp and A.Oy that 

were used in the LITE-III calculations were taken from data reported by 

Wyatt, Stull and Plass (Ref. 10). For wavelengths below 1.31u, absorption 

by CO£ was taken to be negligible. The ibsorption by atmospheric ozone 

was taken to be described by the ozone absorption coefficients as a 

function of wavelength reported by Elterman (Ref. 11). At wavelengths 



h 
(km) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

15 

:o 

25 

30 

35 

40 

50 

Table II. Water Vapor Density Between 
Ground Level and Altitude h 

(pr-cia) 

Tropical 
Atmospheres 

MIDLATITTJDE ATMOSPHERES 
(:i i in m " ■ .in !:n¡r 

1.500 

2.500 

3.125 

3.400 

3.570 

3.680 

3.750 

3.780 

3.800 

3.804 

3.80994 

3.81212 

3.81431 

3.816774 

3.819339 

3.819339 

3.819339 

1.000 

1.700 

2.150 

2.340 

2.550 

2. C15 

2.665 

2.6885 

2 70199 

2.70950 

2.711997 

2.711997 

2.711997 

2.711997 

2.711997 

2.711997 

2.711997 

0.250 

0,430 

0.560 

0,6375 

0.6790 

0.7015 

0.7140 

0.7200 

0.7230 

0.7240 

0.7240 

0.7240 

0.7240 

0.7240 

0.7240 

0.7240 

0.7240 
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greater than 0.8jj the ozone absorption coefficient was taken to be zero. 

f.ie ground surface was taken to be a Lambert type reflector with the 

magnitude of the albedo being independent of the polar angle of incidence 

to the ground surface. In those problems containing a cloud layer 

located above the point source, the bottom surface of the cloud was 

taken to be a Lambert reflector with the magnitude of the albedo being 

defined in terms of the polar angle of incidence, 0 , by the equation 
0 

a(0 ,X) - a(A) - 0.154 cos0 . 
O 0 

Values of a(X) were obtained from cloud albedo data given in Refs. 12, 

13, and 14. Table III lists the values of a(X) used In the Monte Carlo 

calculations for the Indicated wavelength intervals, 

Table III. Cloud Albedo Parameter a(X) 

Wavelength 

Interval 

_ítí_iüi- 
0.30 - 0.80 0.639 

0.80 - 1.00 0.812 

1.0 - 1.14 0.785 

1.14 - 1.31 0.739 

1.31 - 1.46 0.618 

1.46 - 1.79 0.623 

1.79 - 1.96 0.548 

1.96 - 2.47 0.651 

2.47 - 3.30 0.406 

3.30 - 4.00 0.286 

L...' ..... . 

* 

, 
4 



III. Transmittance Calculations for Blackbody Sources 

The scattered and direct fluxes in each of the model atmospheres 

that were incident per source photon on flat plate receivers located at 

an altitude of 6 meters and oriented normal to the direction to the 

source and facing the source were computed for source wavelengths of 

0.35, 0.45, 0.55, 0.7, 0.9, 1.07, 1.22, 1.39, 1.61, 1.88, 2,2, 2.85, and 

3.5 microns, source altitudes of 1, 9, and 50 km, md horizontal ranges 

of 0, 15, 30, 60, and 90 km. Scattered and direct fluxes incident to flat 

plate receivers oriented both normal and parallel to the ground and facing 

the point source were also computed for the morning and evening tropical 

atmospheres. To study the effect of a cloud layer positioned above the 

point source on the scattered fluxes at each receiver position, calcu¬ 

lations were run for the 1 km source altitude in both the morning and 

afternoon tropical atmospheres. The cloud bottom was taken to be a 

reflecting surface and the calculations were made for cloud bottom 

altitudes of both 1.5 km and 3.5 km. 

The results of the LITE-III calculations were integrated over 

source wavelength distributions for blackbody sources with temperatures 

between 2000oK and 9000^. The integrations were performed using the 

machine procedure, RRA-90, described in Ref. 2. The results of the 

RRA-90 calculatationa give the atmospheric transmittance, where the 

♦transmittance is defined as 4itR2 times the sum of the scattered and 

direct fluxes per unit source energy that is incident on a unit area 

of a flat plate receiver located at a slant distance R from the point 



•ource. To aid In the conversion of the transmittance calculations to 

energy flu* at a receiver, the variations of both R and 4wR2 with the 

horizontal range and source altitude are presented in Table IV. 

Ü, h' : J: .i-.- . • 

The variation of the transmittances for flat plate receivers oriented 
1 ' ,r 

normal to the source-receiver axis and facing the point Isotropic source 

in each of the model atmospheres with blackbody temperature is shown in 

Tablee V through X for ground albedo value« of 0.0 and 0.9 and source 

altitudes of 1, 9, and 50 tan. The dependence of the total transmittance 

on the blackbody temperature for this receiver orienta Ion is characterized 

by an Increase in the transmittance at a given receiver position with 

temperature to a maximum after which the transmittanc decreases with 

increasing temperature. Fig. 1 shows the dependence of the transmittance 

on blackbody temperature at a receiver oriented normal to the source- 

receiver axis for the afternoon tropical atmosphere when the source 

altitude is 1 km and the ground albedo is 0.0. The blackbody temperature 

at which the maximum transmittance is obtained varies with range for a 

given model atmosphere. In general the temperature at maximum transmittance 

decreases with Increasing range. At a given range the blackbody temperature 

for maximum transmittance usually increases with an increase in the ground 

albedo. 

This dependence of the transmittance on blackbody temperature results 

from the fact that for a blackbody source the wavelength at which the 

emissive power is a maximum is dependent on the blackbody temperature. 

For a blackbody at 2000°K the emissive power is a maximum at a wavelength 

(Text continues on page 25.) 



Table IV. 

Source Altitude 

_M-_ 

Variation of the Slant Range R and tfce Parameter 

4*R‘ with Source Altitude and Horiiontal Range 

..,.! ■ —t1- 

Horizontal Slant Range 4*r2 

Range (kn)__te2i— 

0.1000E 01* 

0.1000E 01 

0.1000E 01 

0.1000E 01 

0.1000E 01 

0.9000E 01 

0.9000E 01 

0.9000E 01 

0.9000E 01 

0.9000E 01 

0.5000E 02 

0.5000E 02 

0.5000F. 02 

0.5000E 02 

0.5000E 02 

O.OOOE 00 

0.1500E 02 

0.3000E 02 

0.6000E 02 

0.9000E 02 

0.0000E 00 

0.1500E 02 

0.3000E 02 

0.6000E 02 

0.9000E 02 

O.OOOE 00 

0.1500E 02 

0.3000E 02 

0.6000E 02 

0.9000E 02 

0.9939E 00 

0.1503E 02 

0.3001E 02 

0.6000E 02 

0.9000E 02 

0.8993E 01 

0.1748E 02 

0.3131E 02 

0.6067E 02 

0.9044E 02 

0.49998 02 

0.5219E 02 

0.5830E 02 

0.7809E 02 

0.1029E 03 

0.1241E 02 

0.2839E 04 

0.1132E 05 

0.4525E 05 

0.1018E 06 

0.1016E 04 

0.3843E 04 

0.1232E 05 

0.4625E 05 

0.1028E 06 

0.3140E 05 

0.3423E 05 

0.4271E 05 

0.7664E 05 

0.1331E 06 

*Read 0.1000E 01 as 0.100 X 101 
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TABLE V. VARIATION OF ATMOSPHERIC TRANSMITTANCE FOR 
BLACKBOOY SOURCES LOCATED IN A MORNING TROPICAL 

ATMOSPHERE WITH BLACKBOOY TEMPERATURE 

RECEIVER NORMAL TO SOURCE-RECEIVER AXIS 

GROUND ALBEDO « 0.0 
SOURCE ALTITUDE « 1 KM 

TEMP. 
( K® ) 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

4.001-01 
4.297-01 
5.163-01 
5.906-01 
6.556-01 
7.086-01 
7.424-01 
7.479-01 
7.345-01 

1.103-01 
1.275-01 
1.917-01 
2.446-01 
2.664-01 
2.672-01 
2.546-01 
2.352-01 
2.174-01 

9.115-02 
1.064-01 
1.759-01 
2.498-01 
2.924-01 
3.075-01 
3*031-01 
2.863-01 
2.679-01 

HORIZONTAL RANGE ( KM ) 
15 30 60 

1.105-02 
1.369-02 
2.445-02 
3.639-02 
4.544-02 
5.092-02 
5.311-02 
5.232-02 
5.025-02 

1.695-03 
2.166-03 
4.431-03 
6.988-03 
8.405-03 
8.780-03 
8.455-03 
7.759-03 
7.093-03 

3.050-04 
3.430-04 
4.872-04 
6.277-04 
7.066-04 
7.292-04 
7.088-04 
6.616-04 
6.140-04 

SOURCE ALTITUDE ■ 9 KM 

9.438-02 
1.112-01 
1.714-01 
2.124-01 
2.257-01 
2.256-01 
2.182-01 
2.063-01 
1.948-01 

2.196-02 
2.573-02 
3.936- 02 
5.119-02 
5.710-02 
5.851-02 
5.674-02 
5.305-02 
4.937- 02 

3.801-03 
4.347-03 
6.091-03 
7.325-03 
7.844-03 
7.895-03 
7.598-03 
7.085-03 
6.588-03 

SOURCE ALTITUDE ■ 50 KM 

1.085-01 
1.240-01 
1.852-01 
2.409-01 
2.673-01 
2.715-01 
2.605-01 
2.411-01 
2.228-01 

1.036-01 
1.172-01 
1.653-01 
2.042-01 
2.196-01 
2.185-01 
2.064-01 
1.889-01 
1.773-01 

6.365-02 
6.951-02 
8.709-02 
9.910-02 
1.023-01 
9.960-02 
9.262-02 
8.386-02 
7.641-02 

90 

1.802-04 
1.958-04 
2.483-04 
2.984-04 
3.228-04 
3.216-04 
3.012-04 
2.716-04 
2,455-04 

1.308-03 
1.437-03 
1.738-03 
1.807-03 
1.719-03 
1.570-03 
1.386-03 
1.206-03 
1.071-03 

2.400-02 
2.555-02 
2.978-02 
3.217-02 
3.237-02 
3.109-0° 
2.872-02 
2.592-02 
2.359-02 



TABLE V. (CONT. ) 

TEMP. 
(K °l 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4300 
5000 
6000 
7100 
8200 
9100 

GROUND ALBEDO «0.9 
SOURCE ALTITUDE - 1 KM 

HORIZONTAL RANGE ( KM ') 
15 30 60 

2.519-03 4.604-04 

0 

4.155-01 
4.481- 01 
5.482- 01 
6.360-01 
7.102-01 
7.673-01 
8.022-01 
8.063-01 
7.904-01 

1.193-01 
1.377-01 
2.075-01 
2.688-01 
2.980-01 
3.052-01 
2.975-01 
2.806-01 
2.633-01 

1.034-01 
1.210-01 
2.005-01 
2.854-01 
3.355-01 
3.549-01 
3.521-01 
3.344-01 
3.142-01 

1.825-02 
2.218-02 
3.783-02 
5.469-02 
6.718-02 
7.459-02 
7.740-02 
7.608-02 
7.303-02 

1.128-01 
1.323-01 
2.020-01 
2.512-01 
2.689-01 
2.705-01 
2.625-01 
2.487-01 
2.349-01 

1.256-01 
1.431-01 
2.098-01 
2.680-01 
2.950-01 
2.990-01 
2.873-01 
2.668-01 
2.472-01 

3.190-03 
6.393-03 
1.003-02 
1.209-02 
1.269-02 
1.228-02 
1.133-02 
1.041-02 

2.951-02 
3.472-02 
5.507-02 
7.449-02 
8.497-02 
8.802-02 
8.580-02 
8.034-02 
7.476-02 

1.252-01 
1.429-01 
2.072-01 
2.605-01 
2.820-01 
2.811-01 
2.653-01 
2.425-01 
2.221-01 

5.187-04 
7.392-04 
9.553-04 
1.079-03 
1.119-03 
1.092-03 
1.023-03 
9.515-04 

9 KM 

5.382-02 
6.164-03 
8.610- 03 
1.014-02 
1.056-02 
1.034-02 
9.695-02 
8.854-03 
8.121-03 

50 KM 

7.610- 02 
8.352-02 
1.073-01 
1.253-01 
1.314-01 
1.288-01 
1.202-01 
1.090-01 
9.942-02 

SOURCE ALTITUDE 

SOURCE ALTITUDE 

2.546-04 
2.787-04 
3.679-04 
4.626-04 
5.145-04 
5.211-04 
4.933-04 
4.478-04 
4.065-04 

1.697-03 
1.865-03 
2.290*03 
2.440-03 
2.357-03 
2.163-03 
1.908-03 
1.655-03 
1.464-03 

2.953-02 
3.168-02 
3.826-02 
4.304-02 
4.453-02 
4.350-02 
4.059-02 
3.683-02 
3.358-02 



14 

TABLE VI. VARIATION OF ATMOSPHERIC TRANSMITTANCE FOR 
BLACKBODY SOURCES LOCATED IN AN AFTERNOON TROPICAL 

ATMOSPHERE WITH BLACKBODY TEMPERATURE 

RECEIVER NORMAL TO SOURCE-RECEIVER AXIS 

(ROUND ALBEDO »0.0 
SOURCE ALTITUDE - 1 KM 

TEMP* 
(K “> 0 

2000 4.B35-01 
2200 5.271-01 
3000 6.632-01 
4000 7.721-01 
3000 8.300-01 
6000 8.478-01 
7100 8.314-C1 
8200 7.891-01 
9100 7.407-01 

2000 3.888-01 
2200 4.272-01 
3000 5.523-01 
4000 6.523-01 
5000 7,023-01 
6000 7.153-01 
7100 6,981-01 
8200 6.583-01 
9100 6.173-01 

2000 3.278-01 
2200 3.673-01 
3000 5.005-01 
4000 6.050-01 
5000 6.543-01 
6000 6.611-01 
7100 6.397-01 
8200 5.994-01 
9100 5.595-01 

HORIZONTAL RANGE ( KM J 
15 30 60 

1.647-01 
1.916-01 
2.957-01 
3.856-01 
4.265-01 
4.317-01 
4.114-01 
3.778-01 
3.470-01 

7.033-02 
8.202-02 
1.255-01 
1.589-01 
1.710-01 
1.693-01 
1.588-01 
1.443-01 
1.317-01 

1.953-02 
2*268-02 
3.421-02 
4.282-02 
4.364-02 
4.482-02 
4.167-02 
3.762-02 
3.415-02 

SOURCE ALTITUDE - 9 KM 

3.203-01 
3.568- 01 
4.875-01 
5.969-01 
6.490-01 
6.569- 01 
6.334-01 
5.897-01 
5.475-01 

2.509-01 
2.892-01 
4.006-01 
4,877-01 
5.172-01 
5.091-01 
4.955-01 
4.586-01 
4.253-01 

1.460-01 
1.672-01 
2.422-01 
2.884-01 
2.954-01 
2.810-01 
2.549-01 
2.256-01 
2.009-01 

SOURCE ALTITUDE - 50 KM 

2.920-01 
3.¿09-01 
4.163-01 
5.753-01 
6.272-01 
6.370-01 
6.189-01 
5.804-01 
5.419-01 

3.082-01 
3.444-01 
4,699-01 
5.684-01 
6.137-01 
6.197-01 
5.977-01 
5.582-01 
5.192-01 

2.723-01 
3.054-01 
4.210-01 
5.131-01 
5.555-01 
5.569-01 
5.309-01 
4.905-01 
4.527-01 

90 

8.617-03 
1.012-02 
1.563-02 
1.944-02 
2.057-02 
2.002-02 
1.850-02 
1.659-02 
1.501-02 

9.171-02 
1.043-01 
1.456-01 
1,699-01 
1.695-01 
1.582-01 
1.402-01 
1.215-01 
1.073-01 

2.394-01 
2.706-01 
3.794-01 
4.638-01 
5.028-01 
5.035-01 
4.759-01 
4.352-01 
3.985-01 



TABLE VU (CONT.) 

TEMP. 
(K °î 0 

2000 4.850-01 
2200 5.287-01 
3000 6.666-01 
40C0 7.776-01 
5000 8.375-01 
6000 8.569-01 
7100 8.417-01 
8200 8.000-01 
9100 7.516-01 

2000 3.950-01 
2200 4.343-01 
3000 5.642-01 
4000 6.725-01 
5000 7.321-01 
6000 7.541-01 
7100 7.432-01 
8200 7.080-01 
9100 6.679-01 

2000 3.353-01 
2200 3.766-01 
3000 5.201-01 
4000 6.405-01 
5000 7.044-01 
6000 7.224-01 
7100 7.075-01 
8200 6.688-01 
9100 6.277-01 

GROUND ALBEDO - 0.9 
SOURCE ALTITUDE * 1 KM 

HORIZONTAL RANGE I KM ) 
15 30 60 

1.829-01 
2.153-01 
3.450-01 
4.670-01 
5.336-01 
5.545—01 
5.420-01 
5.086-01 
4.737-01 

3.331-01 
3.728-01 
5.197-01 
6.531-01 
7.290-01 
7.576-01 
7.479-01 
7.106-01 
6.687-01 

8.298-02 
9.760-02 
1.552-01 
2.056-01 
2.300-01 
2.361-01 
2.291-01 
2.140-01 
1.989-01 

2.664-01 
3.014-01 
4.324-01 
5.361-01 
5.827-01 
5.881-01 
5.829-01 
5.489-01 
5.146-01 

2.438-02 
2.912-02 
4.820-02 
6.620-02 
7.624—02 
7.935-02 
7.781-02 
7.319-02 
6.829-02 

9 KM 

1.5*2-01 
1.774-01 
2.160-01 
3.170-01 
3.319-01 
3.219-01 
2.989-01 
2.699-01 
2.457-01 

SOURCE ALTITUDE - 

SOURCE ALTITUDE « 50 KM 

3.000-01 
3.410-01 
4.872-01 
6.115-01 
6.783-01 
6.998-01 
6.897-01 
6.548-01 
6.158-01 

3.154-01 
3.536-01 
4.897-01 
6.043-01 
6.674-01 
6.887-01 
6.786-01 
6.446-01 
6.064-01 

2.804-01 
3.153-01 
4.400-01 
5.471-01 
6.065-01 
6.214-01 
6.053-01 
5.690-01 
5.313-01 

90 

1.038-02 
1.234-02 
1.992-02 
2.631-02 
2.919-02 
2.954-02 
2.820-02 
2.596-02 
2.387—02 

9.294-02 
1.064-01 
1.521-01 
1.816-01 
1.869-01 
l.-'Sl-Ol 
1.610-01 
1.416-01 
1.263-01 

2.480-01 
2.813-01 
4.006-01 
5.025-01 
5.518-01 
5.612-01 
5.383-01 
4.979-01 
4.547-01 
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TABLE VII. VARIATION OF ATMOSPHERIC TRANSMITTANCE FOR 
BLACKBODY SOURCES LOCATED IN A SUMMER MIDLATITUDE 

ATMOSPHERE WITH BLACKBODY TEMPERATURE 

RECEIVER NORMAL TO SOURCE-RECEIVER AXIS 

GROUND ALBEDO * 0.0 
SOURCE ALTITUDE « I KM 

TEMP. HORIZONTAL RANGE ( KM ) 

(K*> 0 15 30 60 VO 

2Q0Û 5.218-01 
2200 5.647-01 
3000 Fs9áó-01 
4000 Õ.033-01 
5000 8.569-01 
6000 8.700-01 
7100 8.492-01 
8200 8.039-01 
9100 7.563-01 

2000 4.092-01 
2200 4.417-01 
3000 5.298-01 
4000 5.832-01 
5000 6.082-01 
6000 6.131-01 
7100 5.985-01 
8200 5.682-01 
9100 5.360-01 

2000 4.265-01 
2200 4.691-01 
3000 6.067-01 
4000 7.094-01 
5000 7.553-01 
6000 7.617-01 
7100 7.319-01 
8200 6.942-01 
9100 6.506-01 

" 

2.187-01 
2.446-01 
3.336-01 
3.977-01 
4.185-01 
4.120-01 
3.876-01 
3.549-01 
3.261-01 

1.087-01 
1.220-01 
1.645-01 
1.894-01 
1.920-01 
1.832-01 
1.678-01 
1.507-01 
1.369-01 

3.246-02 
3.642-02 
5.000-02 
5.956-02 
6.230-02 
6.096-02 
5.702-02 
5.198-02 
4.764-02 

SOURCE ALTITUDE • 9 KM 

3.628-01 
4.011-01 
5.290-01 
6.333-01 
6.883-01 
7.051-01 
6.912-01 
6.554-01 
6.169-01 

3.103-01 
3.483-01 
4.763-01 
5.678-01 
5.963-01 
5.845-01 
5.464-01 
4.969-01 
4.542-01 

2.209- 01 
2.439-01 
3.210- 01 
3.675-01 
3.703-01 
3.495-01 
3.156-01 
2.789-01 
2.501-01 

SOURCE ALTITUDE - 50 KM 

4.262-01 
4.691-01 
6.096-01 
7.169-01 
7.656-01 
7.728-01 
7.484-01 
7.036-01 
6.589-01 

4.174-01 
4.606-01 
6.047-01 
7.185-01 
7.720-01 
7.816-01 
7.578-01 
7.125-01 
6.669-01 

3.927-01 
4.347-01 
5.776-01 
6.936-01 
7.488-01 
7.582-01 
7.334-01 
6.870-01 
6.4U-01 

4 

1.367-02 
1.537-02 
2.165-02 
2.659-02 
2.834-02 
2.795-02 
2.617-02 
2.379-02 
2,171-02 

1.604-01 
1.733-01 
2.167-01 
2.402-01 
2.359-01 
2.174-01 
1.915-01 
1.657-01 
1.463-01 

3.693-01 
4.068-01 
5.306-01 
6.231-01 
6.592-01 
6.557-01 
6.235-01 
5.754-01 
5,313-01 
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TABLE 

TEMP. 

(KM 

2000 
2.100 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4000 

5000 
6000 
7100 

3200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 

7100 
8200 
9100 

VII.(CONT. 

0 

5.226-01 
5.657-01 
7.011-01 
8.084-01 
8.653-01 
8.816-01 
8.634-01 
8.196-01 
7.725-01 

4.125-01 
4.459-01 
5.388-01 
6.007-01 

6.357-01 
6.501-01 
6.434-01 

6.177-01 
5.872* 1 

4.377-01 
4.824-01 
6.309-01 

7.550-01 
8.294-01 
8.641-01 
8.649-01 
8.363-01 
7.985-01 

I 

GROUND ALBEDO ■ 0.9 
SOURCE ALTITUDE « 1 KM 

HORIZONTAL RANGE ( KM ) 

15 30 60 

2.320-01 
2.610-01 
3.641-01 
¿.494-01 
4.923-01 
5.049-01 
4.951-01 
4.698-01 
4.427-01 

1.187-01 
1.344-01 
1.869-01 
2.237-01 

2.369-01 
2.358-01 

2.252-01 
2.094-01 
1.948-01 

3.852-02 
4.370-02 
6.207-02 
7.697-02 
8.408-02 
8.573-01 

8.342-02 
7.855-02 
7.358-02 

SOURCE ALTITUDE « 9 KM 

3.724-01 

4.125-01 
5.494-01 
6.712-01 

7.480-01 
7.852-01 
7.878-01 
7.610-01 
7.252-01 

3.229-01 
3.634-01 
5.027-01 
6.106—01 
6.547-01 
6.549-01 
6.246—01 

s. rre-oi 
5.344-01 

2.091-01 

,2.360-01 
3.255-01 
3.823-01 
3.921-01 
3.760-01 
3.447-01 
3.090-01 
2.799-01 

SOURCE ALTITUDE « 50 KM 

4.360-01 
4.822-01 
6.381-01 

7.704-01 
8.481-01 
8.824-01 

8.803-01 
8.483-01 
8.077-01 

4.317-01 

4.780-01 
6.370-01 
7.762-01 
8.598-01 
8.973-01 

8.962-01 
8.635-01 
8.218-01 

4.103-01 
4.562-01 
6.191-01 

7.682-01 
8.586—Oi 
8.97 4—C1 

8.934-01 
8.564-01 
8.113-01 

90 

1.718-02 
1.973-02 
2.914-02 
3.703-02 
4.079-02 
4.163-02 

4.039-02 
3.789-02 
3.536-02 

1.399-01 

1.569-01 
2.125-01 
2.453-01 
2.471-01 
2.331-01 
2.105-01 

1.865-01 
1.676-01 

4,287-01 
4.775-01 
6.331-01 

7.482-01 
8.01}-01 
8.091-01 

7.819-01 
7.320-01 

6.825-01 
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TABLE VIII. VARIATION OF ATMOSPHERIC TRANSMITTANCE FOR 
blackbody sources located in a winter midlatitude 

ATMOSPHP;RE WITH BLACKBODY TEMPERATURE 

RtCcIVLR NORMAL TO SOURCE-RECEIVER AXIS 

GROUND ALBEDO » 0.0 
SOURCE ALTITUDE ■ 1 KM 

TEMP. HORIZONTAL RANGE ( KM ) 
IK0) 0 15 30 60 90 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

6.144-01 
6.566-01 
7.766-01 
8.595-01 
8.965-01 
8.903-01 
8.693-01 
8.185-01 
7.679-01 

4.996-01 
5.317-01 
6.062-01 
6.382-01 
6.469-01 
6.407-01 
6.180-01 
5.824-01 
5.473-01 

4.896-01 
5.265-01 
6.016-01 
6.071-01 
5.741-01 
5.275-01 
4.720-01 
4.178-01 
3.764-01 

SOURCE 

4.522-01 
4.904-01 
6.080-01 
6.958-01 
7.393-01 
7.497-01 
7.323-01 
6.942-01 
6.541-01 

1.724-01 
1.858-01 
2.208-01 
2.317- 01 
2.228-01 
2.056-01 
1.840-01 
1.627-01 
1.464-01 

JITUDE * 

3.957-01 
4.318- 01 
5.453-01 
6.185-01 
6.332-01 
6.118-01 
5.664-01 
5.118-01 
4.661-01 

6.354-02 
6.745-02 
7.737-02 
8.027-02 
7.748-02 
7.211-02 
6.511-02 
5.798-02 
5.242-02 

9 KM 

2.820-01 
3.046-01 
3.681-01 
3.954-01 
’.G61-01 
3.587-01 
3.207-01 
2.818-01 
2.520-01 

3.164-02 
3.451-02 
4.310-02 
4.663-02 
4.509-02 
4.138-02 
3.659-02 
3.188-02 
2.83^-02 

2.031-01 
2.195-01 
2.654-01 
2.808-01 
2.670-01 
2.409-01 
2.090-01 
1.788-01 
1.569-01 

SOURCE ALTITUDE « 50 KM 

2000 5.20^-01 5.164-01 
2200 5.609-01 5.562-01 
3000 6.781-01 6.750-01 
4ÖC0 7.553-01 7.576-01 
5000 7.844-01 7.908-01 
6000 7.806-01 7*889-0i 
7100 7.502-01 7.587-01 
8200 7.026-01 7.104-01 
9100 6.569-01 6.640-01 

5.103-01 
5.524-01 
6.798-01 
7.697-01 
8.065-01 
8.052-01 
7.740-01 
7.239-01 
6.758-01 

4.921-01 
5.362-01 
6.727-01 
7.690-01 
8.055-01 
8.008-01 
7.647-01 
7.105-01 
6.599-01 

4.542-01 
4.951-01 
6.210-01 
7.016-01 
7.222-01 
7.050-01 
6.609-01 
6.042-01 
5.547-01 



TABLE VIII.(CONT.) 

TEMP. 

(K °) 

2000 
2200 
3000 

4000 
5000 
6000 
7100 
8200 

9100 

2000 
2200 
3000 
4000 

5000 
6000 
7100 

8200 
9100 

2000 
2200 
3000 
4000 

5000 
6000 

7100 

8200 
9100 

0 

6.156-01 
6.579-01 
7.791-01 

8.646-01 
< .050-01 
9.099-01 
8.835-01 
8.342-01 

7.840-01 

5.050-01 
5.380-01 
6.168-01 
6.566-01 

6.750-01 
6.781-01 
6.632-01 
6.321-01 
5.985-01 

5.321-01 
5.745-01 
7.032-01 
8.022-01 
8.597-01 
8 o 842-01 

a.781-01 

8.454-01 
8.054-01 

GROUND ALBEDO « 0.9 
SOURCE ALTITUDE • 1 KM 

HORIZONTAL RANGE I KM ) 
15 30 60 

4.465-01 
4.739-01 
5.501-01 

5.929-01 
6.000-01 
5.858-01 

5.549-01 
5.149-01 
4.790-01 

1.877-01 
2.034-01 
2.473-01 

2.689-01 
2.698-01 
2.600-01 
2.429-01 
2.227-01 

2.054-01 

7.148-02 
7.645-02 
9.050-02 
9.831-02 

9.967-02 
9.719-02 
9.175-02 
8.474-02 
7.051-02 

3.600-02 
3.960-02 
5.082-02 

5.695-02 

5.733-02 
5.485-02 
5.061-02 
4.582-02 

4.186-02 

SOURCE ALTITUDE « 

4.195-01 4.684-01 
5.090-01 
6.367-01 
7,411-01 
8.051-01 
8 * 347-01 
8.325-01 

8.027-01 
7.647-01 

4.582-01 
5.816-01 
6.687-01 

6.971-01 
6.863-01 
6.476-01 

5.950-01 
5.482-01 

9 KM 

2.902-01 
3.143-01 
3.834-01 
4.169-01 
4.124-01 
3.882-01 
3.520-01 

3.135-01 
2.830-01 

SOURCE ALTITUDE - 50 KM 

2.089-01 
2.262-01 
2.753-01 

2.941-01 
2.835-01 
2.601-01 
2.303-01 

2.013-01 
1.795-01 

5.353-01 
5.784-01 
7.114-01 
3.163-01 
8.767-01 
9.007-01 

8.920-01 

3.561-01 
8.135-01 

5.336-01 
5.795-01 
7.231-01 
8.373-01 
9.021-01 
9.271-01 
9.169-01 

8.784-01 
8.334-01 

5.205-01 
5.689-01 
7.251-01 

8.523-01 
9.222-01 
9.451-01 
9.287-01 

8.829-01 
8.326-01 

4.891-01 
5.3,37-01 
6.759-01 
7.818-01 
8.281-01 
8.307-01 

7.989-01 
7.453-01 
6.935-01 
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TABLE IX. VARIATION OF ATMOSPHERIC TRANSMITTANCE FOR 
BLACK.BODY SOURCES LOCATED IN A WINTER INVERSION 

MIDLATITUDE ATMOSPHERE WITH BLACKBODY TEMPERATURE 

TEMP# 
( K °) 

2000 
2200 
3000 
40 OU 
5000 
6000 
7100 
0200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
0200 
9100 

RECEIVER NORMAL TO SOURCE-RECEIVER AXIS 

GROUND ALBEDO - 0.0 
SOURCE ALTITUDE » 1 KM 

HORIZONTAL RANGE ( KM ) 
15 30 60 0 

4.564-01 
4.051-01 
5.652-01 
6.195-01 
6.414-01 
6.377-01 
6.116-01 
5.715-01 
5.329-01 

3.070-01 
3.435-01 
4.469-01 
4.000-01 
4.759-01 
4.420-01 
3.970-01 
3.537-01 
3.198-01 

1.673-02 
1.822-02 
2.278-02 
2.619-02 
2.771-02 
2.785-02 
2.692-02 
2.529-02 
2.368-02 

3.317-01 
3.564-01 
4.210-01 
4.425-01 
4.284-01 
3.990-01 
3.603-01 
3.209-01 
2.901-01 

7.828-04 
8.633-04 
1.236-03 
1.954-03 
2.071-03 
3.750-03 
4.502-03 
4.937-03 
5.084-03 

2.121-0! 
2.191-01 
2.228-01 
2.029-01 
1.784-01 
1.563-01 
1.358-01 
1.187-01 
1.066-01 

1.826-04 
2.034-04 
3.022-04 
4.519-04 
6.060-04 
7.358-04 
8.312-04 
8.753-04 

3.106-02 
3.248-02 
3.564-02 
3.557-02 
3.320-02 
3.016-02 
2.683-02 
2.377-02 
2.149-02 

90 

9.466-05 
1.136-04 
1,991-04 
3.061-04 
3.852-04 
4.266-04 
4.354-04 
4.191-04 
3.955-04 

9.686-03 
9.883-03 
1.031-02 
1.047-02 
1,006-02 
9.274-03 
8.220-03 
7,165-03 
6.366-03 

SOURCE ALTITUDE 

8,798-04 

• 9 KM 

SOURCE ALTITUDE « 50 KM 

2000 2.798-01 3.524-01 
2200 2.960-01 3.758-01 
3000 3.244-01 4.146-01 
4000 3.215-01 4.044-01 
5000 3.065-01 3.779-01 
6000 2.874-01 3.484-01 
7100 2.640-01 3.155-01 
8200 2.397-01 2.8?*-01 
9100 2.200-01 2.583-01 

3.486-01 2.629-01 
3.735-01 2.825-01 
4.181-01 3.252-01 
4.122-01 3.379-01 
3.877-01 3.344-01 
3.589-01 3.228-01 
3.26J-01 3.039-01 
2.936-01 2.810-01 
2.680-01 2.609-01 

1.642-01 
1.782-01 
2.125-01 
2.318-01 
2.413-01 
2.445-01 
2.411-01 
2.318-01 
2.210-01 



TABLE IX.(CONT.) 

TEMP. 
U °) 0 

2000 4,794-01 
2200 3 « lO^'-ül 
3000 5.976-01 
4000 6.578-01 
5000 6.830-01 
6000 6.804-01 
7100 6.538-01 
8200 6.115-01 
9100 5.707-01 

2000 3.299-01 
2200 3.695-01 
3000 4.876-01 
4000 5.515-01 
5000 5.710-01 
6000 5.744-01 
7100 5.670-01 
8200 5.489-01 
9100 5.273-01 

2000 3.406-01 
2200 3.584-01 
3000 3.881-01 
4000 3.846-01 
5000 3.675-01 
6000 3.449-01 
7100 3.164-01 
8200 2.866-01 
9100 2.624-01 

GROUND ALBEDO • 0.9 
SOURCE ALTITUDE • 1 KK 

HORIZONTAL RANGE ( KM ) 
15 30 

2.312-02 
2.551-02 
3.336-02 
4.111-02 
4.739-02 
5.183-02 
5.427-02 
5.436-02 
5.309-02 

3.890-01 
4.622-01 
4.900-01 
4.799-01 
4.528-01 
4.149-01 
3.744-01 
3.418-01 

4.164-01 
4.436-01 
4.898-01 
4.831-01 
4.576-01 
4.265—01 
3.895-01 
3.515-01 
3.211-01 

1.973-03 
2.393-03 
4.144-03 
6.499-03 
9.155-03 
1.174-02 
1.399-02 
1.537-02 
1.587-02 

2.200-01 
2.300- 01 
2.424-01 
2.270-01 
2.037-01 
1.818-01 
1.611-01 
1.432-01 
1.301- 01 

4.250-01 
4.569-01 
5.193-01 
5.247-01 
5.047-01 
4.752-01 
4.371-01 
3.963-01 
3.630-01 

60 

2.301-04 
2.589-04 
4.132-04 
7.191-04 
1.116-03 
1,508-03 
1.844-03 
2.048-03 

90 

2.327-04 
2.536- 04 
3,557-04 
5.151-04 
6.595-04 
7.536- 04 
7.953-04 
7.876-04 
7.579-04 

1.030-02 
1.054-02 
1.114-02 
1.146-02 
1.118-02 
1.045-02 
9,401-03 
8.310-03 
7.443-03 

2.049-01 
2.237-01 
2.756-01 
3.192-01 
3.496-01 
3.645-01 
3.641-01 
3.505-01 
3.331-01 

2.124-03 

SOURCE ALTITUDE « 9 KM 

3.613—01 

SOURCE ALTITUDE • 50 KM 

3.410-02 
3.624-02 
4.155-02 
4.230-02 
3.968-02 
3.606-02 
3.206-02 
2.838-02 
2.565-02 

3.302-01 
3.559-01 
4.152-01 
4.451-01 
4.572-01 
4.554-01 
4.391-01 
4.122-01 
3.857-01 
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TABLE X. VARIATION OF ATMOSPHERIC TRANSMITTANCE FOR 
BLACKBODY SOURCES LOCATED IN AN ARCTIC ATMOSPHERE 

2000 
2200 
3000 
AOOO 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

WITH BLACKBODY TEMPERATURE 

RECEIVER NORMAL TO SOURCE-RECEIVER AXIS 

TEMP. 
(K°J 

8.371-01 
8.700-01 
9.426-01 
9.758-01 
9.806-01 
9.626-01 
9.201-01 
8.607-01 
8.050-01 

8.055-01 
8.395-01 
9.164-01 
9.519-01 
9.563-01 
9.368-01 
8.929-01 
8.331-01 
7.777-01 

GROUND ALBEDO - 0.0 
SOURCE ALTITUDE • 1 KM 

HORIZONTAL RANGE ( KM ) 
15 30 60 

7.727-01 
8.063-01 
8.776-01 
8.940-01 
8.713-01 
8.258-01 
7.608-01 
6.891-01 
6.302-01 

7.386-01 
7.696-01 
8.277-01 
8.209-01 
7.735-01 
7.078-01 
6.292-01 
5.524-01 
4.941-01 

6.854-01 
7.111-01 
7.460-01 
7.093-01 
6.380-01 
5.581-01 
4.739-01 
3.996-01 
3.472-01 

SOURCE ALTITUDE - 9 KM 

7.209-01 
7.662-01 
8.710-01 
9.163-01 
9.171-01 
8.898-01 
8.380-01 
7.730-01 
7.158-01 

7.781-01 
8.121-01 
8.848-01 
9.031-01 
8.829-01 
8.396-01 
7.764-01 
7.056-01 
6.468-01 

7.538-01 
7.860-01 
8.456-01 
8.347-01 
7.802-01 
7.077-01 
6.234-01 
5.429-01 
4.828-01 

SOURCE ALTITUDE - 50 KM 

8.010-01 
8.354-01 
9.138-01 
9.532-01 
9.650-01 
9.547—01 
9.200-01 
8.668-01 
8.147-01 

8.069-01 
8.416-01 
9.206-01 
9.594-01 
9.695-01 
9.570-01 
9.201-01 
8.653-01 
8.123-01 

8.040-01 
8.385-01 
9.167-01 
9.511-01 
9.524-01 
9.292-01 
8.816-01 
8.190-01 
7.622-01 

90 

6.399-01 
6.612-01 
6.791-01 
6.254-01 
5.447-01 
4.626-01 
3.820-01 
3.147-01 
2.690-01 

7.333-01 
7.635-01 
8.117-01 
7.810-01 
7.077-01 
6.216-01 
5.294-01 
4.471-01 
3.887-01 

7.967-01 
8.311-01 
9.079-01 
9.369-01 
9.286-01 
8.944-01 
8.364-01 
7.667-01 
7.066-01 

7.893-01 
8.235-01 
8.979-01 
9.198-01 
9.017-01 
8.578-01 
7.915-01 
7.170-01 
6.552-01 



TABLE X. (COM.) 

TEMP. 
( K ') 0 

2000 8.373-01 
2200 8.703-01 
3000 9.436-01 
4000 9.782-01 
5000 9.848-01 
6000 9.685-01 
7100 9.273-01 
8200 8.688-01 
9100 8.134-01 

2000 8.064-01 
2200 8.408-01 
3000 9.203-01 
4000 9.617-01 
5000 9.736-01 
6000 9.615-01 
7100 9.239-01 
8200 8.678-01 
9100 8.138-01 

2000 8.052-01 
2200 8.408-01 
3000 9.279-01 
4000 9.899-01 
5000 1.033+00 
6000 1.054+00 
7100 1.046+00 
8200 1.010+00 
9100 9.644-01 

::::: ’Ms jp ijis:M j 
"■H+i - 

GROUND \LBEDO ■ 0.9 
SOURCE ALTITUDE » 1 KM 

HORIZONTAL RANGE ( KM ) 
15 30 60 

7.765-01 
8.111-01 
8.884-01 
9.178-01 
9.118-01 
8.821-01 
8.302-01 
7.663-01 
7.100-01 

7.437-01 
7.758-01 
8.406-01 
8.474-01 
8.166-01 
7.664-01 
7.001-01 
6.302-01 
5.742-01 

6.900- 01 
7.169-01 
7.500-01 
7.312-01 
6.692-01 
5.960-01 
5.160-01 
4.429-01 
3.900- 01 

SOURCE ALTITUDE » 9 KM 

7.240-01 
7.714-01 
8.841-01 
9.415-01 
9.538-01 
9.356-01 
8.902-01 
8.282-01 
7.712-01 

7.825-01 
8.175-01 
8.963-01 
9.259-01 
9.103-01 
8.859-01 
8.309-01 
7.643-01 
7.064-01 

T.586-01 
7.920-01 
8.576-01 
8.556-01 
8.097-01 
7.437-01 
6.634-01 
5.842-01 
5.237-01 

SOURCE ALTITUDE ■ 50 KM 

0.142-01 
8.506-01 
9.411-01 
1.004+00 
1.045+00 
1.061+00 
1.048+00 
1.006+00 
9.577-01 

8.138-01 
8.508-01 
9.438-01 
1.005+00 
1.036+00 
1.037+00 
1.006+00 
9.525-01 
8.969-01 

8.085-01 
8.453-01 
9.367-01 
9.919-01 
1.010+00 
9.988-01 
9.564-01 
8.937-01 
8.343-01 

6.447-01 
6.671- 01 
6.901-01 
6.429-01 
5.672- 01 
4.880-01 
4.085-01 
3.407-01 
2.939-01 

7.378-01 
7.691-01 
8.226-01 
7.993-01 
7.319-01 
6.496-01 
5.589-01 
4.763-01 
4.168-01 

7.986-01 
8.347-01 
9.200-01 
9.655-01 
9.726-01 
9.501-01 
8.995-01 
8.325-01 
7.720-01 
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Fig. 1, îrammittance vi Blockbody T «mporotur« for Hi« Aft «moon Tropical Atmc^»hor#: Soorc« Altitud« « 1 km, 
Ground Albedo * 0,0 



of 1.448V. When T - 9000% the wavelength at which the emissive power 

is a maximum is 0.321y. Thus there is a shift toward shorter wavelengths 
3 1 ! " l'ïlj! 3 :l|l 11,1 fi”TT:n‘;lf;* 1 ;tnjr 

in the wavelength at which the emissive power is a maximum with an 

increase in blackbody temperature. Since the transmittance for luonochro- 

matic point sources varies with wavelength, the blackbody temperature 

at which the transmittance for blackbody source is a maximum is an 

indicator of the wavelengths for which the maximum transmittance is 

obtained. 

The variation of the transmittance in the morning and afternoon 

tropical atmospheres with blackbody temperature for flat plate receivers 

facing the source and oriented both parallel and perpendicular io the 

ground surface is shown in Tables XI through XIV. 

The effect of a cloud layer at altitudes of 1.5 and 3.5 km on the 

variation of the transmittance with olackbody temperature and horizontal 

range is shown in Tables XV through XXII for the 1.0 km source altitude 

in both the morning and afternoon tropical atmospheres. Table XV gives 

the variation of the transmittance in the morning tropical atmosphere 

with blackbody temperature and horizontal range for receivers facing 

the source and oriented normal to the source-receiver axis when the 

bottom of the cloud layer is at 1.5 km altitude and the ground albedo 

is either 0.0 or 0.9 for all wavelengths. Table XVI lists similar data 

for a cloud bottom altitude of 3.5 km. Tables XVII and XVIII list data 

for cloud bottom altitudes of 1.5 and 3.5, respectively, when the 

receiver is facing the source and oriented parallel to the ground surface. 

Tablet XIX through XXII list for the afternoon tropical atmosphere the 

variation of the transmittance with blackbody temperature and horizontal 



rang* for blackbody sources located at 1 to altitude. Transmittance 

data ara tabulated for ground -do values of 0.0 and 0.9, receivers 

facing the source and oriented both normal to the source-receiver 

axle and parallal to the ground surface, and cloud bottom altitudes 

of 1.5 and 3.5 km. Table mil lists the transmittance in both 

the morning and afternoon tropical atmospheres at a horizontal 

range of 0.0 km as a function of blackbody temperature. Transmittances 

are given for ground albedo values of 0.0 and 0.9 and for cloud bottom 

altitudes of both 1.5 and 3.5 km in each of the two tropical 

atmospheres. At horizontal ranges of 15 km and greater, the trans¬ 

mittance for a receiver facing the source and oriented normal to 

the ground surface is the same as that given in Tables XV and XVI 

for the morning tropical atmosphere and Tables XIX and XX for the 

afternoon tropical atmosphere when the receiver is oriented - * 

to the source-receiver axis. 

The variation of the transmittance with blackbody temperature 

at horizontal rangeu between 0 and 90 km for receivers facing the 

source and oriented both parallel and perpendicular to the ground 

surface in each of the tropical atmospheres, with and without 

clouds, follows the same general trends as that described above 

for receivers facing the source and oriented normal to the 

source-receiver axis. 

An examination of the transmittances for a receiver facing the 

source and oriented normal to the source-receiver axis, which are 

tabulated in Tables V through X as a function of blackbody temperatute 



for each of the model atmospheres, shows that the temperature tT 
, 

at which the maximum transmission Is obtained Is dependent on the 

scattering and absorption properties of the model atmosphere. The 

parameters affecting are the water vapor content and the aerosol 

coefficient variation with wavelength. These parameters define how 

the longer wavelengths (0.8b - 4.0u) are being attenuated with respect 

to the shorter wavelengths (Q.3M- 0.8u). This can be illuatrated by 

the differences in between the oornlng and afternoon tropical 

atmosphere which is due entirely to differences in the variations of 

the aerosol attenuation coefficient with wavelength for the two 

model atmospheres in the wavelength range between 0.3^j and 4.0U* 

The extinction coefficient for the morning tropical atmosphere does 

not fall off as fast with an increase ir. wavelength as does the 

extinction coefficient for the afternoon tropical atmosphere. Thus 

the morning tropical atmosphere tends to remove the longer wavelengths 

more than does the afternoon tropical atmosphere, thereby resulting 

in maximum transmission at lower blackbody source temperatures in the 

morning tropical atmosphere than that which would be observed for the 

afternoon tropical atmosphere. In the case of the summer and winter 

atmospheres, the differences in the temperatures at which maximum 

transmittance occurs for a given source altitude and horizontal range 

is due entirely to the amount of water vapor absorption occurring for 

wavelengths between 0.8 and 4.0u that results from the different ab¬ 

solute humidities assumed for the two model atmospheres. 

(Text continues on page 45.) 



TABLE XI. VARIATION OF ATMOSPHERIC TRANSMITTANCE FOR 
BLAClíBODY SOURCES LOCATED IN A MORNING TROPICAL 

ATMOSPHERE WITH BLACKBODY TEMPERATURE 

RECEIVER PARALLEL TO THE GROUND SURFACE 

GROUND ALBEDO - 0«0 
SOURCE ALTITUDE * 1 KM 

TEMP. HORIZONTAL RANGE I KM ) 

(K* » 0 15 30 60 90 

2000 
2200 
3000 

4000 
5000 
6000 

7100 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

4.001-01 

4.297-01 
5.163-01 

5.906-01 
6.556-01 
7.086—01 
7.424—01 
7.479-01 
7.345-01 

1.752-01 
1.900-01 
2.402-01 

2.785-01 
2.904-01 

2.848-01 
2.674-01 
2.443-01 
2.251-01 

9.539-03 
1.172-02 
2.010-02 
2.834-02 
3.389-02 
3.694-02 

3.793-02 
3.713-02 

5.617-02 
6.112-02 
7.671-02 

8.855-02 
9.361-02 
9.380-02 
9.034-02 
8.463-02 
7.910-02 

1.329-03 
1.514-03 
2.167-03 

2.773-03 
3.154-03 
3.336-03 
3.354-03 
3.242-03 

3.090-03 

3.018-02 
3.867-02 
4,)495-02 
4.818-02 
4.913-02 

4.820-02 
4.587-02 
4.334-02 

3.516-04 
3.991-04 

5.513-04 
6.746-04 

7.450-04 
7.721-04 
7.640-04 
7.293-04 
6.894-04 

9 KM 

6.663-03 
7.455-03 
9.893-03 

1.171-02 
1.252-02 
1.259-02 

1.210-02 
1.128-02 

1.050-02 

1.567-04 
1.803-04 
2.599-04 
3.288-04 
3.652-04 
3.736-04 
3.610-04 
3.357-04 
3.109-04 

2.000-03 
2.250-03 
3.132-03 
3.926-03 
4.285-03 
4.275-03 
4.009-03 
3.625-03 
3 . «*89-03 

3.561-02 

SOURCE ALTITUDE - 

2.735-02 

SOURCE ALTITUDE - 50 KM 

2000 1.302-01 1.067-01 
2200 1.475-01 1.212-01 
3000 2.147-01 1.761-01 
4000 2.751-01 2.257-01 
5000 3.037-01 2.499-01 
6000 3.089-01 2.544-01 

7100 2.981-01 2.453-01 
8200 2.781-01 2.283-01 

9100 2.587-01 2.118-01 

8.432-02 4.673-02 
9.549-02 5.146-02 
1.370-01 6.671-02 
1.747-01 7.900-02 
1.934-01 8.450-02 
1.967-01 8.461-02 

1.893-01 8.071-02 
1.757-01 7.458-02 

1.626-01 6.889-02 

1.711-02 
1.839-02 

2.214-02 

2.487-02 
2.597-02 
2.578-02 

2.455-02 
2.273-02 

2.105-02 



table 

TEMP. 
IK °) 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
82 0C 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

4.155-01 
4.481- 01 
5.482- 01 
6.366—01 
7.102-01 
7.674-01 
8.022-01 
8.063-01 
7.904-01 

1.952-01 
2.128-01 
2.732-01 
3.208-01 
3.386-01 
3.360-01 
3.192-01 
2.951-01 
2.732-01 

29 

XI. (CONT.) 

GROUND ALBEDO - 0.9 
SOURCE ALTITUDE - 1 KM 

HORIZONTAL RANGE ( KM I 
15 

1.430-02 
1.767-02 
3.102-02 
4.472-02 
5.405-02 
5.916-02 
6.079-02 
5.947-02 
5.700-02 

30 

2.095-03 
2.385-03 
3.454-03 
4.558-03 
5.356-03 
5.816-03 
5.978-03 
5.871-03 
5.650-03 

5.215-04 
5.913-04 
8.220-04 
1.021-03 
1.144-03 
1.200-03 
1.199-03 
1.154-03 
1.096-03 

SOURCE ALTITUDE • 9 KM 

6.970-02 
7.675-02 
9.913-02 
1.156-01 
1.225-01 
1.229-01 
1.185-01 
1.110-01 
1.038-01 

3.509-02 
3.933-02 
5.203-02 
6.062-02 
6.437-02 
6.501-02 
6.324-02 
5.980-02 
5.627-02 

8.610-03 
9.794-03 
1.340-02 
1.581-02 
1.670-02 
1.660-02 
1.581-02 
1.465-02 
1.358-02 

1.137-03 
1.168-03 

2.561-03 
2.935-03 
4.250-03 
5.347-03 
5.779-03 
5.707-03 
5.305- 03 
4.766-03 
4.306- 03 

SOURCE ALTITUDE ■ 50 KM 

1.795-01 
2.055-01 
3.087-01 
4.075-01 
4.598-01 
4.739-01 
4.606-01 
4.307-01 
4.006-01 

1.400-01 
1.597-01 
2.350-01 
3.059-01 
3.431-01 
3.523-01 
3.413-01 
3.183-01 
2.954-01 

1.168-01 
J.312-01 
1.810-01 
2.239-01 
2.450-01 
2.483-01 
2.387-01 
2.215-01 
2.051-01 

6.791-02 2.861-02 
7.31 7-02 3.036-02 
9.058-02 3.417-02 
1.018-01 3.565-02 
1.059-01 3.558-02 
1.046-01 3.446-02 
9.912-01 3.240-02 
9.135-01 2.984-02 
8.434-01 2.759-02 
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TABLE /ill. VARIATION OF ATMOSPHERIC TRANSMITTANCE FOR 
SiACkBQDY SOURCES LOCATED IN AN AFTERNOON TROPICAL 

ATMOSPHERE WITH BLACKBOPY TEMPERATURE 

RECEIVER PARALLEL TO THE GROUND SURFACE 

GROUND ALBEDO - 0.0 
50URCE ALTITUDE - 1 KM 

TEMP# HORIZONTAL RANGE I KM ) 
0 15 30 60 90 

2000 4.915-01 
2200 5.3^9-01 
3000 6.726-01 
4000 7.802-01 
5000 8.354-01 
6000 8.505-01 
7100 8.325-01 
8200 7.902-01 
9100 7.450-01 

2000 4.249-01 
2200 4.634-01 
3000 5.908-01 
4000 6.898-01 
5000 7.352-01 
6000 7.422-01 
7100 7.197-01 
82CO 6.778-01 
9100 6.357-01 

2000 2.883-01 
2200 3.246-01 
3000 4.684-01 
4000 6.010-01 
5000 6.711-01 
6000 6.924-01 
7100 6.781-01 
8200 6.404-01 
9100 6.005-01 

1.774-02 6.562-03 3.338-Û3 
2.050-02 8.114-03 4.018-03 
3.135-02 1.461-02 6.647-03 
4.311-02 2.195-02 9.272-Ü3 
5.200-02 2.760-02 1.109-02 
5.760-02 3.130-02 1.216-02 
6.019-02 3,324-02 1.261-02 
5.982-02 3.340-02 1.247-02 
5.799-02 3.260-02 1.206-02 

SOURCE ALTITUDE - 

1.682-01 
1.862-01 
2.495-01 
3.039-01 
3.344-01 
3.459-01 
3.421-01 
3.269-01 

3.438-01 
3.799-01 
5.035-01 
6.026-01 
6.476-01 
6.532-01 
6.297-01 
5,885-01 
5.484-01 

7.841-02 
8.824-02 
1.236-01 
1.537-01 
1.692-01 
1.742-01 
1.713-01 
1.628-01 
1.535-01 

2.963-01 
3.275-01 
4.342-01 
5,186-01 
5.556-01 
5.586-01 
5.369-01 
5.005-01 
4.656-01 

9 KM 

2.799-02 
3.236-02 
4.867-02 
6.330-02 
7.124-02 
7.385-02 
7.248-02 
6.846-02 
6.414-02 

50 KM 

1.982-01 
2.199-01 
2.937-01 
3.507-01 
3.742-01 
3.745-01 
3.582-01 
3.326-01 
3,086-01 

3.092-01 

SOURCE ALTITUDE 

2.181-03 
2.591-03 
4.307-03 
6.235-03 
7.706-03 
a.654-03 
9.132-03 
9.139-03 
8.898-03 

1.226-02 
1.425-02 
2.194-02 
2.972-02 
3.457-02 
3.648-02 
3.602-02 
3.395-02 
3.164-02 

1.348-01 
1.499-01 
1.998-01 
2.361-01 
2.491-01 
2.469-01 
2.342-01 
2.161-01 
1.996-01 



TABLE XII. ( CONI•) 

GROUND ALBEDO - 0.9 
SOURCE ALTITUDE • 1 KM 

TEMP. 
( K °) 0 

2000 4.936-01 
2200 5.375-01 
3000 6.778-0! 
4000 7.888-01 
5000 8.467-01 
6000 8.635-01 
7100 8.464-01 
8200 8.043-01 
9100 7.589-01 

HORIZONTAL RANGE ( KM I 
15 30 60 

2.105-02 1.092-02 
2.479-02 1.349-02 
*.097-02 2.560-02 
6.238-02 4.236-02 
3.252-02 5.762-02 
9.833-02 6.907-02 
1.090-01 7.646-02 
1.131-01 7.9(75-02 
1.126-01 ?.846-02 

4,384-03 
5.330-03 
9.403-03 
1.470-02 
1.962-02 
2.347-02 
2.609-02 
2.711-02 
2.701-02 

90 

3.485-03 
4*293-03 
7.974-03 
1.266-02 
1.663-02 
1.947-02 
2, 20-02 
2.169-02 
2,140-02 

2000 4.309-01 
2200 4.706-01 
3000 6.035-01 
4000 7.109-01 
5000 7.656-01 
6000 7.810-01 
7100 7.655-01 
8200 7.274-01 
9100 6.865-01 

2000 2.928-01 
2200 3.305-01 
3000 4.848-01 
4000 6.397-01 
5000 7.358-01 
6000 7.796-01 
7100 7.823-01 
8200 7.532-01 
9100 7.153-01 

SOURCE ALTITUDE » 

1.737-01 
1.929-01 
2.623-01 
3.273-01 
3.696-01 
3.915-01 
3.960-01 
3.850-01 
3.686-01 

3.498-01 
3.876-01 
5.207-01 
6.371-01 
7.010-01 
7.225-01 
7.107-01 
6.750-01 
6.358-01 

8.264-02 
9.305-02 
1.343-01 
1.737-01 
1.997-01 
2.141- 01 
2.186-01 
2.142- 01 
2.061-01 

3.022-01 
3.350-01 
4.502-01 
5.497-01 
6.030-01 
6.195-01 
6.074-01 
5.754-01 
5.410-01 

9 KM 

2.983-02 
3.467-02 
5.350-02 
7.252-02 
8.518-02 

8,648—02 

50 KM 

2.043-01 
2.274-01 
3.084-01 
3.775-01 
4,138-01 
4.244-01 
4,153-01 
3.926-01 
3.687-01 

1.279-02 
1.491-02 
2.345-02 
3,302-02 

1.398-01 
1.560-01 
2.117-01 
2.575-01 
2,804-01 
2.861-01 
2.789-01 
2.629-01 
2.464-01 

SOURCE ALTITUDE • 

3,982-02 
9.175-02 4.326-02 
9.326-02 4.379-02 
9.059-02 4.207-02 

3,972-02 
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TABLE XIII. VARIATION OF ATMOSPHERIC TRANSMITTANCE FOR 
BLACKBOOr SOURCES LOCATED IN A MORNING TROPICAL 

ATMOSPHERE WITH BLACKBODY TEMPERATURE 

RECEIVER NORMAL TO THE GROUND SURFACE 

TEMP. 
(k* y 
2000 
2200 
3000 
4000 
3000 
6000 
7100 
8200 
9100 

.. 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3u00 
4000 
5000 
6000 
7100 
8200 
9100 

3«236**02 
3.653-02 
5.048-02 
6.122-02 
6.687-02 
6.947-02 
6.983-02 
6.814-02 
6.562-02 

1.408-02 
1.513-02 
1.829-02 
2.149-02 
2.386-02 
2.508-02 
2.520-02 
2.436-02 
2.321-02 

1.957-02 
2.240-02 
3.132-02 
3.655-02 
3.816- 02 
3.817- 02 
3.713-02 
3.538-02 
3.356-02 

GROUND ALBEDO « 0.0 
SOURCE ALTITUDE - 1 KM 

HORIZONTAL HANGE ( KM ) 
15 30 60 

1.105-02 
1.369-02 
2*443-02 
3.636-02 
4.539-02 
5.087-02 
5.306-02 
5.227-02 
5.020-02 

1.680-03 
2.148-03 
4,405-03 
6.960-03 
8.379-03 
8,758-03 
8.436-03 
7.743-03 
7,079-03 

3.050-04 
3.430-04 
4,872-04 
6.-:77-04 
7.066-04 
7.292-04 
7.088-04 
6.616-04 
6.140-04 

SOURCE ALTITUDE - 9 KM 

5.177-02 
5.819-02 
7.811-02 
9.274-02 
9.983-02 
1.017-01 
9.964-02 
9.466-02 
8.933-02 

2.332-02 
2.559-02 
3.484-02 
4,476-02 
5,033-02 
5.170-02 
4.996-02 
4.641-02 
4.293-02 

3.943-03 
4.187-03 
4.919-03 
5 533-03 
5.820-03 
5.890-03 
5.691-03 
5.332-03 
4.978-03 

SOURCE ALTITUDE - 50 KM 

4.520-02 
4.911-02 
5.932-02 
6.421-02 
6,518-02 
6.413-02 
6.138-02 
5.751-02 
5.385-02 

5.861—02 
6.313-02 
7.451-02 
7.996-02 
8.145-02 
8.057-02 
7.744-02 
7.270-02 
6.811-02 

5.838-02 
6.258-02 
7.205-02 
7,631-02 
7 « 806—02 
7.820-02 
7.645-02 
7.296-02 
6.919-02 

90 

1.802-04 
1.957-04 
2.482-04 
2.983-04 
3.227-04 
3.215-04 
3.011-04 
2.715-04 
2.455-04 

2.464-03 
2.567-03 
2.607-03 
2.366-03 
2.101-03 
1.868-03 
1.648-03 
1.455-03 
1.313-03 

3.197-02 
3.409-02 
4.010-02 
4,569-02 
5.085-02 
5.508-02 
5.785-02 
5.844-02 
5.753-02 



TABLE 

TEMP. 
( K" ) 

2000 
22 00 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

XIU < CONT • > ■àte 

- • ï GROUND ALBEDO « 
SOURCE ALTITUne ■ 1 KM 

HORIZONTAL RANGE ( KM ) 
15 30 60 

6.126-02 
7.099-02 
1.048-01 
1.315-01 
1.439-01 
1.470-01 
1.437-01 
1.363-01 
1.286-01 

1.824-02 
2.217-02 
3.781-02 
5.467-02 
6.716-02 
7.457-02 
7.739-02 
7.607-02 
7.302-02 

2.516-03 
3.187-03 
6.386-03 
1.001-02 
1.208-02 
1.268-02 
1.227-02 
1.132-02 
1.039-02 

4.604*04 
5.187-04 
7.392-04 
9.553-04 
1.079-03 
1.118-03 
1.091-03 
1.022-03 
9.513-04 

SOURCE ALTITUDE ■ 9 KM 

3.121-02 
3.347-02 
3.889-02 
4.335-02 
4.685-02 
4.886-02 
4.915-02 
4,775-02 
4.573-02 

3.570-02 
4.127-02 
6.255—02 
8.258-02 
9.372-02 
9.740-02 
9.563-02 
9.032-02 
8.464-02 

6.784-02 
7.620-02 
1.037-01 
1.284-01 
1.449-01 
1.541-01 
1.569-01 
1.536-01 
1.479-01 

7.281-02 
7.926-02 
9.762-02 
1.103-01 
1.160-01 
1.163-01 
1.121-01 
1.051-01 
9.821-02 

2.858-02 
3.203-02 
4.684-02 
6.262-02 
7.111-02 
7.311-02 
7.G54-C2 
6.541-02 
6.044-02 

6.720-02 
9.463-02 
1.156-01 
1.310-01 
1.390-01 
1,407-01 
1.367-01 
1.288-01 
1.206-01 

4.577-03 
4.897-03 
5.966-03 
6.940-03 
7.446-03 
7.532-03 
7.274-03 
6.801-03 
6.335-03 

50 KM 

7.831-02 
8.545-02 
1.066-01 
1.233-01 
1.331-01 
1.369-01 
1.353-01 
1.294-01 
1.225*01 

SOURCE ALTITUDE ■ 
! Il Pj H! 

90 

2.546-04 
2.787-04 
3.679-04 
4,626-04 
5.145-04 
5.211-04 
4,933-04 
4,478-04 
4,064-04 

2,805—03 
2.926-03 
2.993-03 
2.732-03 
2.426-03 
2.150-03 
1.885-03 
1.654-03 
1.486-03 

4.198-02 
4,568-02 
5.786-02 
6.996-02 
8.007-02 
8.765-02 
9,229-02 
9.314-02 
9.153-02 



TABLE XIV. VARIATION OF ATMOSPHERIC TRANSMITTANCE FOR 
BLACKBQDY SOURCÇS LOCATED IN AN AFTERNOON TROPICAL 

ATMOSPHERE WITH BLACKBODY TEMPERATURE 

RECEIVER NORMAL TO THE GROUND SURFACE 

GROUND ALBEDO - 0.0 
SOURCE ALTITUDE ■ 1 KM 

TEMP. HORIZONTAL RANGE ( KM \ 
(K * > 0 13 30 60 90 

2000 1.243-03 
2200 1.480-03 
3000 2.620-03 
4000 4.500-03 
5000 6.570-03 
6000 8.411-03 
7100 9.839-03 
8200 1.059-02 
9100 1.078-02 

2000 8.158-03 
2200 8.658-03 
3000 1.101-02 
4000 1.521-02 
5000 2.022-02 
6000 2.483-02 
7100 2.847-02 
8200 3.037-02 
9100 3.079-02 

2000 9.777-03 
2200 1.155-02 
3000 2.161-02 
4000 3.809-02 
5000 5.414-02 
6000 6.644-02 
7100 7.449-02 
8200 7.744-02 
9100 7.702-02 

1.721-01 
1.985-01 
2.988-01 
3.856-01 
4.252-01 
4.304-01 
4.121-01 
3.810-01 
3.518-01 

7.189-02 
8.348-02 
1.2b0—01 
1.593-01 
1.715-01 
1.701-01 
1.601-01 
1.462-01 
1.339-01 

1.985-02 
2.158-02 
2.333-02 
3.651-02 
4.706-02 
5.075-Uc 
4.996-02 
4.641-02 
3.782-02 

SOURCE ALTITUDE - 9 KM 

2.640-01 
2.930-01 
3.953-01 
4.833-01 
5.264-01 
5.335-01 
5.137-01 
4.778-01 
4,432-01 

2.512-01 
2.835-01 
3.970-01 
4.009-01 
5.073-01 
4.974-01 
4.649-01 
4.227-01 
3,865-01 

1.501-01 
1.713-01 
2.425-01 
2.856-01 
2.889-01 
2.715-01 
2.431-01 
2.129-01 
1.896-01 

SOURCE ALTITUDE ■ 50 KM 

i.139-01 
1.259-01 
1.683-01 
2.061-01 
2.278-01 
2.361-01 
2.334-01 
2.226-01 
2.103-01 

1.926-01 
2.127-01 
2.810-01 
3.363-01 
3.629-01 
3.682-01 
3.574-01 
3.361-01 
3.145-01 

2.666-01 
2.962-01 
3.959-01 
4.714-01 
5.024-01 
5.029-01 
4.817-01 
4.480-01 
4.163-01 

8.307-03 
9.794-03 
1.506-02 
1.879-02 
1.984-02 
1.933-02 
1.790-02 
1.614-02 
1,466-02 

7,8* 6-02 
8.993-02 
1.286-01 
1.518-01 
1.533-01 
1.438-01 
1.284-01 
1.121-01 
9.950-02 

2.824-01 
3.174-01 
4.349-01 
5,172-01 
5.408-01 
5.281-01 
4.923-01 
4,467-01 
4.078-01 



TABLt XIV.fCONT.) 

TEMP. 
(K °) 

GROUND ALBEDO • 0.9 
SOURCE ALTITUDE - 1 KM 

HORIZONTAL RANGE « KM » 
15 30 60 90 

2000 2.513-03 
2200 2.983-03 
3000 5.271-03 
4000 8.960-03 
5000 1.294-02 
6000 1.643-02 
7100 1.913-02 
8200 2.054-02 
9100 2.087-02 

1.889-01 
2.200-01 
3.436-01 
4.608-01 
5.246-01 
5.454-01 
5.353-01 
5.052-01 
4.731-01 

8.589-02 
1.008-01 
1.586-01 
2.088-01 
2.321-01 
2.360-01 
2.269-01 
2.107-01 
1.952-01 

2.514-02 
3.002-02 
4.960-02 
6.799-02 
7.784-02 
8.102-02 
7.951-02 
7.501-02 
7.022-02 

1.128-02 
1.342-02 
2.146- 02 
2.814-02 
3.100-02 
3.147- 02 
3.018-02 
2.797-02 
2.589-02 

SOURCE ALTITUDE - 9 KM 
i in :'ii| I 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

1.367- 02 
1.531-01 
2.287-02 
3.481-02 
4.795-02 
5.967-02 
6.885-02 
7.367- 02 
7.480-02 

2.813-01 
3.147-01 
4.367-01 
5.489-01 
6.120-01 
6.336-01 
6.230-01 
5.901-01 
5.544-01 

2.658-01 
3.010-01 
4.276-01 
5.300-01 
5.756-01 
5.825-01 
5.631-01 
5.279-01 
4,933-01 

1.589-01 
1.818-01 
2.599-01 
3.104-01 
3.195-01 
3.062-01 
2.803-01 
2.507-01 
2.268-01 

8.100-02 
9.300-02 
1.342-01 
1.606-01 
1.647-01 
1.569-01 
1.422-01 
1.258-01 
1.127-01 

SOURCE ALTITUDE ■ 50 KM 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
02 00 
9100 

2.938-02 
; .452-02 
6.188-02 
1.074-01 
1.540-01 
1.910-01 
2.159-01 
2.255-01 
2.249-01 

1.326-01 
1.477-01 
2.054-01 
2.683-01 
3.164-01 
3.462-01 
3.586-01 
3.542-01 
3.420-01 

2.120-01 
2.354-01 
3.199-01 
4.006-01 
4.535-01 
4.806-01 
4.852-01 
4,707-01 
4,496-01 

2.895-01 
3.236-01 
4.437-01 
5.490-01 
6.093-01 
6.334-01 
6*280-01 
6.023-01 
5.708-01 

3.005-01 
3.403-01 
4.797-01 
5.896-01 
6.352-01 
6.363-01 
6.067-01 
5.605-01 
5,178-01 
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TABLE XV. VARIATION OF ATMOSPHERIC TRANSMITTANCE WITH 
BLACXBODY TEMPERATURE FOR A SOURCE AT 1.00 KM. 
ALTITUDE IN THE MORNING TROPICAL ATMOSPHERE 

WITH A CLOUD LAYER AT 1.50 KM. ALTITUDE 

RECEIVER NORMAL TO SOURCE-RECEIVER AXIS 

TEMP. 
(IC» 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

GROUND ALBEDO «0.0 

HORIZONTAL RANGE (KM) 
0 15 30 

4.811-01 
5.286-01 
6.646-01 
7.551-01 
8.118-01 
8.484-01 
8.628-01 
8.501-01 
0.239-01 

5.555-03 
7.369-03 
1.568-02 
2.690-02 
3.679-02 
4.359-02 
4.720-02 
4.761-02 
4.633-02 

5.134-01 
5.679-01 
7.298-01 
8.460-01 
9.207-01 
9.676-01 
9.855-01 
9.709-01 
9.392-01 

1.026-06 
1.587-06 
4.843-06 
9.419-06 
1.275-03 
1.448-05 
1.494-05 
1.447-05 
1.370-05 

GROUND ALBEDO -0.9 

6.848-03 
9.111-03 
2.001-02 
3.663-02 
4.993-02 
6.020-02 
6.622-02 
o.767-02 
6.648-02 

1.106-06 
1.700-06 
5.156-06 
1.003-05 
1.363-05 
1.554-05 
1.611-05 
1.566-05 
1.488-05 
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TABUE XVI. VARIATION OF ATMOSPHERIC TRANSMITTANCE WITH 
BLACKBODY TEMPERATURE FOR A SOURCE AT 1*00 
ALTITUDE IN THE MORNING TROPICAL ATMOSPHERE 

WITH A CLOUD LAYER AT 3,50 KM* ALTITUDE 

RECEIVER NORMAL TO SOURCE*RECEIVER AXIS 

GROUND ALBEDO « 0.0 

TEMP. 
(K3 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

HORIZONTAL RANGE 
0 15 

3.819-01 
4.187-01 
5.457-01 
6.831-01 
8.065-01 
9.018-01 
9.618-01 
9.760-01 
9.606-01 

1.566-02 
1.906-02 
3.357-02 
5.127-02 
6.571-02 
7.518-02 
7,989-02 
7.991-02 
7.758-02 

I KM ) 
30 

1.502-03 
1.848-03 
2,838-03 
3,200-03 
3.049-03 
2.726-03 
2,342-03 
1.991-03 
1.740-03 

GROUND ALBEDO * 0.9 

Í H .fcliiL :,. ¡I. 'if “f j' i|r ILíHI 

I 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

4.064-01 
4.461-01 
5.881-01 
7,533-01 
9.084-01 
1.030+00 
1.110+00 
1.133+00 
1.119+00 

3.276-02 
4,015-02 
6.849-02 
9.836-02 
1.203-01 
1.332-01 
1.381-01 
1.358-01 
1.305-01 

1.888-03 
2.297-03 
3.452-03 
3.868-03 
3.689-03 
3.307-03 
2.851-03 
2.431-03 
2.130-03 

!U|1 



• XVII, VARIATION OF ATMOSPHERIC TRANSMITTANCE WITH 
BLACKBODY TEMPERATURE FOR A SOURCE AT 1.00 KM. 
ALTITUDE IN THE MORNING TROPICAL ATMOSPHERE 

WITH A CLOUD LAYER AT 1.50 KM. ALTITUDE 

RECEIVER PARALLEL TO GROUND SURFACE 

GROUND ALBEDO > 0.0 

TEMP. 
<K1 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

HORIZONTAL RANGE (KM) 
0 15 30 

4.811-01 
5.286-01 
6.146-01 
7.551-01 
8.118-01 
8.484-01 
8.623-01 
8.501-01 
8.235-01 

3.076-03 
3.925-03 
7.356-03 
1.094-02 
1.348-02 
1.498-02 
1.560-02 
1.543-02 
1.489-02 

5.134-01 
5.679-01 
7.298-01 
8.460-01 
9.207-01 
9.676-01 
9.855-01 
9.705-01 
9.392-01 

1.026-06 
1.587-06 
4.943-06 
9.419-06 
1.275-05 
1.448-05 
1.494-05 
1.447-05 
1.370-05 

GROUND ALBEDO -0.9 

5.255-03 
6.805-03 
1.336-02 
2.069-02 
2.609-02 
2.938-02 
3.083-02 
3*060-02 
2.959-02 

1.180-06 
1.793-06 
5.295-06 
1.617- 05 
1.374-05 
1.563-05 
1.618- 05 
1.572-05 
1.493-05 
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TABLE XVIII. VARIATION OF ATMOSPHERIC TRANSMITTANCE 
BLACKBODY TEMPERATURE FOR A SOURCE AT 1.00 AM. 

ALTITUDE IN THE MORNING TROPICAL ATMOSPHERE 
WITH A CLOUD LAYER AT 3.50 KM. ALTITUDE 

RECEIVER PARALLEL TO GROUND SURFACE 

GROUND ALBEDO * 0.0 

TEMP. HORIZONTAL RANGE (KMJ 
OO 0 15 30 

2000 
2200 
3000 
AOOO 
5000 

6000 
7100 
8200 
9100 

-.811-01 
5.286-01 

6 >>. 646-01 
7.551-01 
8.118-01 

8.484-01 
8.62B-01 
8.501-01 
8.235-01 

1.927-02 
2.273-02 
3.626-02 
5.353-02 
6.061-02 

6.631-02 

6.828-02 
6.697-02 
6.432-02 

3.818-04 
4.585-04 
7.243-04 
9.307-04 

1.026-03 
1.048-03 

1.018-03 
9.568-04 
8.947-04 

GROUND ALBEDO ■ 0.9 

2000 
2200 
3000 

4000 
5000 
6000 

7100 
8200 
9100 

5.134-01 
5.679-01 
7.298-01 

8.460-01 
9.207-01 
9.676-01 

9.855-01 
9.705-01 
9.392-01 

4.154-02 
5.008-02 

8.164-02 
1.114-01 
1.304-01 
1.399-01 

1.417-01 
1.374-01 
1.310-01 

6.082—04 
7.494-04 

1.316-03 
1.896-03 
2.271-03 
2.459-03 

2.500-03 
2.426-03 
2.314-03 
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TABLE XIX. VARIATION OF ATMOSPHERIC TRANSMITTANCE WITH 
BLACKBODY TEMPERATURE FOR A SOURCE AT 1.00 KM. 
altitude in the afternoon tropical atmosphere 

WITH A CLOUD LAYER AT 1.50 KM. ALTITUDE 

RECEIVER NORMAL to SOURCE-RECEIVER AXIS 

GROUND ALBEDO - 0.0 

TEMP. HORMORTAL RANGE UM> 
(K*í 0 15 30 60 90 

2000 5.742-01 
2200 6.325-01 
3000 8.404-01 
4000 1.046600 
5000 1.191+00 
6000 1.273+00 
7100 1.297+00 
8200 1.268+00 
9100 1.217+00 

2000 6.231-01 
2200 6.893-01 
3000 9.331-01 
4000 1.195+00 
5000 1.393+00 
6000 1.529+00 
7100 1.588+00 
8200 1.575+00 
9100 1.526600 

1.811-01 
2.033-01 
2.847-01 
3.545-01 
3.865-01 
3.905-01 
3.746-01 
3.476-01 
3.220-01 

5.722-02 
6.505-02 
9.337-02 
1.156-01 
1.242-01 
1.236-01 
1 i 170-01 
1.075-01 
9.892-02 

8.371-03 
9.333- 03 
1.227-02 
1.364-02 
1.333- 02 
1.227-02 
1.084-02 
9.427-03 
8.367-03 

GROUND ALBEDO - 0.9 

7.383-01 
7.649-01 
8.950-01 
1.086+00 
1.237+00 
1.319+00 
1.335+00 
1.294+00 
1.234600 

1.129-01 
1.346-01 
2.203-01 
3.012-01 
3.465-01 
3.633-01 
3.594-01 
3.416-01 
3.215-01 

1.393-02 
1.601-02 
2.320-02 
2.847-02 
3.038-02 
3.022-02 
2.870-02 
2.651-02 
2.451-02 

1.483-03 
1.568-03 
1.647-03 
2.069-03 
2.120-03 
1.912-03 
1.639-03 
1.353-03 
9.470-04 

2.415-03 
2.b59-03 
3.267-03 
3.421-03 
3.259-03 
2.986-03 
2.656-03 
2.337-03 
2.097-03 



TABLE XX. VARIATION OF ATMOSPHERIC TRANSMITTANCE WITH 
BIACKBODY TEMPERATURE FOR A SOURCE AT 1*00 KM, 
ALTITUDE IN THE AFTERNOON TROPICAL ATMOSPHERE 

WITH A CLOUD LAYER AT 3*50 KM. ALTITUDE 

ïfPfi • 
RECEIVER NORMAL TO SOURCE-RECEIVER AXIS 

TEMP. 
(K* ) 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

4.855-01 
5.292-01 
6.728-01 
7.930-01 
8.608-01 
8.853-01 
8.736-01 
8.339-01 
7.889-01 

GROUND ALBEDO - 0.0 

HORIZONTAL R*NGE (KM) 
15 30 60 

2.282-01 
2.712-01 
4.422- 01 
6.080-01 
7,042-01 
7.422- 01 
7.372-01 
7.022-01 
6.616—01 

9.222-02 
1.087-01 
1.733-01 
2.134-0! 
2.660-01 
2.768-01 
2.^21-01 
2.573-11 
2.413-01 

1.497-02 
1.628-02 
2.060-02 
2.339-02 
2.382-02 
2.284-02 
2.098-02 
1.885-02 
1.709-02 

90 

2.634-03 
2.668-03 
2.675-03 
2.488-03 
2.203-03 
1.904-03 
1.604-03 
1.348-03 
1.170-03 

GROUND ALBEDO - 0.9 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

4.939-01 
5.393-01 
6.914-01 
8.253-01 
9.071-01 
9.437-01 
9.400-01 
9.042-01 
8.597-01 

5o253-01 
6.435-01 
1.106+00 
1.556+00 
1.834+00 
1.965+00 
1.985+00 
1.917+00 
1.624+00 

1.797-01 
2.224-01 
4.048-01 
6.039-01 
7.378-01 
8.072-01 
8.255-01 
8.033-01 
7.669-01 

3.679-02 
4.403-02 
7.437-02 
1.066-01 
1.274-01 
1.373-01 
1.388-01 
1.339-01 
1.271-01 

1.189-02 
1.170-02 
1.180-02 
1.246-02 
1.279-02 
1.264-02 
1.204-02 
1.118-02 
1.039-02 
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TABLE XXI. VARIATION OF ATMOSPHERIC TRANSMITTANCE WITH 
BIACKBODY TEMPERATURE FOR A SOURCE AT 1,00 KM. 

ALTITUDE IN THE AFTERNOON TROPICAL ATMOSPHERE 
WITH A CLOUD LAYER AT 1.50 KM. ALTITUDE 

RECEIVER PARALLEL TO GROUND SURFACE 

GROUND ALBEDO - 0.0 

TEMP. HORIZONTAL RANGE (KM) 
(K*) 0 15 30 60 90 

2000 5.742-01 2.907-02 
2200 6.325-01 3.169-02 
3000 8.404-01 4.154-02 
4000 1.046400 5.274-02 
5000 1.191400 6.179-02 
6000 1.273400 6.770-02 
7100 1.297400 7.045-02 
8200 1.268400 6.994-02 
9100 1.217400 6.701-02 

5.614-03 

6.444-03 
9.626-03 
1.297-02 

1.545-02 
1.699-02 
1.769-02 
1.754-02 
1.699-02 

5.117- 04 5,853-05 
5.943-04 6.725-05 

8.117- 04 8.437-05 
8.655-04 7,968-05 
8.032-04 6.628-05 

7.070-04 5.310-05 
6.006-04 4.131-05 
5.066-04 3.235-05 
4.467-04 2.672-05 

GROUND ALBEDO • 0.9 

2000 6.231-01 
2200 6.893-01 
3000 9.331-01 

4000 1.195400 
5000 1.398400 
6000 1.529400 

71C0 1.588400 

8200 1>575400 
9100 1.526400 

1.056-01 
1.284-01 
2.408-01 
4.137-01 
5.848-01 
7.213-01 
8.159-01 

8.559-01 
8.569-01 

1.374-02 
1.697-02 
3.224-02 
5.369-02 

7.331-02 
8.796-02 
9.729-02 

1.004-01 

9.952-02 

1.159-03 
1.391-03 
2.163-03 
2.705-03 
2.902-03 
2.894-03 
2.755-03 

2.548-03 

2.359-03 

1.750-04 
1.947-04 
2.405-04 
2.425-04 
2.183-04 
1.884-04 
1,577-04 

1.316-04 

1.137-04 
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table 

TEMP. 

(K°) 

2000 
2200 
3000 
4000 
5000 
6000 
71C0 
8200 
9100 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 
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XXII. VARIATION OF ATMOSPHERIC TRANSMITTANCE WITH 
BLACKBODY TEMPERATURE FOR A SOURCE AT 1,00 KM. 
ALTITUDE iN THE AFTERNOON TROPICAL ATMOSPHERE 

WITH A CLOUD LAYER AT 3,50 KM, ALTITUDE 

RECEIVER PARALLEL TO GROUND SURFACE 

GROUND ALBEDO ■ 0.0 

HORIZONTAL RANGE (KM) 
0 15 30 60 90 

4.855-01 
5.292-01 
6.728-01 
7.930-01 
8.608-01 
8.853-01 
8.736-01 
8.339-01 
7.889-01 

6.418-02 
7.442-02 
1.133- 01 
1.546-01 
1.854-01 
2.046-01 
2.133- 01 
2.118-01 
2.052-01 

2.322-02 
2.618-02 
3.686-02 
4.764-02 
5.542-02 
5.997-02 
6.159-02 
6.050-02 
5.824-02 

3.112-03 
3.293-03 
3.678-03 
3.688-03 
3.469-03 
3.171-03 
2.824-03 
2.491-03 
2.239-03 

5.978-04 
5.997-04 
5.441- 04 
4.370-04 
3.440-04 
2.725-04 
2.142-04 
1.712-04 
1.442- 04 

GROUND ALBEDO * 0.9 

4.939-01 
5.393-01 
6.914-01 
8.253-01 
9.071-01 
9.434-01 
9.400-01 
9.042-01 
8.597-01 

2.479-01 
3.007-01 
5.225-01 
7.819-01 
9.837-01 
1.113+00 
1.177+00 
1.177+00 
1.145+00 

8.305-02 
1.022-01 
1.824-01 
2.720-01 
3.391-01 
3.811-01 
4.012-01 
4.002-01 
3.886-01 

1.269-02 
1.456-02 
2.056-02 
2.464—02 
2.603-02 
2.579-02 
2.447-02 
2.260-02 
2.090-02 

1.620-03 
1.773-03 
2.140-03 
2.197-03 
2.051-03 
1.842-03 
1.605-03 
1.387-03 
1.229-03 
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TABLE XXIII. VARIATION OF ATMOSPHERIC TRAlvSM ITTANCE WITH 
BLACKBODY TEMPERATURE FOR A SOURCE AT 1.00 KM* 
ALTITUDE AND A RECEIVER AT 0.0 KM. HORIZONTAL 

RANGE IN THE MORNING AND AFTERNOON TROPICAL ATMOSPHERE 

RECEIVER PERPENDICULAR TO GROUND SURFACE 

MORNING TROPICAL ATMOSPHERE 

CB - 1.5 
TEMP. ALBEDO 
( K*I 0.0 0.9 

CB » 3.5 
ALBEDO 

2000 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

2.107-02 
2.190-02 
2.581-02 
3.070-02 
3.460-02 
3.705-02 
3.798-02 
3.738-02 
3.608-02 

6.224-02 
6.8C4-02 
9.075-02 
1.155-01 
1.352-01 
1.484-01 
1.550-01 
1.546-01 
1.505-01 

1.458-02 
1.684-02 
2.590-02 
3.615-02 
4.451-02 
5.035-02 
5.366-02 
5.419-02 
5.309-02 

2.843-02 
3.261-02 
4.917-02 
6.833-02 
8.449-02 
9.598-02 
1.027-01 
1.041-01 
1.021-01 

20C0 
2200 
3000 
4000 
5000 
6000 
7100 
8200 
9100 

AFTERNOON TROPICAL ATMOSPHERE 

2.124-02 
2.295-02 
2.811-02 
3.380-02 
3.924-02 
4.345-02 
4.598-02 
4.638-02 
4.547-02 

1.092-01 
1.177-01 
1.446-01 
1.755-01 
2.060-01 
2.308-01 
2.472-01 
2.518-01 
2.486-01 

6.281-03 
7.478-03 
1.126-02 
1.351-02 
1.387-02 
1.324-02 
1.208-02 
1.076-02 
9.714-03 

3.460-02 
4.218-02 
7.420-02 
1.148-01 
1.512-01 
1.786-01 
1.963-01 
2.023-01 
2.006-01 

CB ■ CLOUD BOTTOM ALTITUDE (KM) 
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IV. Transmittance Calculations for Nuclear Weapons 

For a nuclear weapon burst the blackbody temperature and power 

emission varies with time. Fig. 2 shows the time distributions of 

the fireball temperature and relative irradiance tor a representa¬ 

tive air burst as described in Ref. 15 by Cahill, Gauvin, and Johnson. 

An air burst is usually defined as one for which the neight of burst 

is such that the fireball does not touch the ground. To use point 

source data for predicting transmittances for nuclear weapons one 

must assumo that the fireball radius is small compared to the slant 

range to the receiver position, thereby assuming that the fireball 

can be approximated as a point source. The RRA-90 procedure (Ref. 2) 

was used to fold the scattered, direct, and total transmittance* as 

a function of blackbody temperature for each atmosphere and receiver 

orientation with the temperature and relative irradiance distributions 

with respect to time shown in Fig. 2 to obtain rransmittance data for 

nuclear weapons. 

The results of the calculations giving the direct, scattered, and 

total transmittance at horizontal ranges to 90 km for a representative 

air burst of a nuclear weapon at altitudes of 1, 9, and 50 km in each 

of the model atmospheres are given in Table XXIV for cases ^here the 

receiver is facing the source and is oriented normal to the source- 

receiver axis. Data are given in Table XXIV for cases where the ground 

albedo was either 0.0 and 0.9. Scattered transmittance data for other 

values of the ground albedo, where the ground albedo is a constant as a 

(Text continues on page 50.) 



Fig. 2. Ttmptrotur« and Relative irradiance vs ScaledTIme for a Representative Air Burst 
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TABLE XXIV. ATMOSPHERIC TRANSMITTANCES FOR NUCLEAR 
WEAPON THERMAL RADIATION IN MODEL ATMOSPHERES 

RECEIVER NORMAL TO SOURCE-RECEIVER AXIS 

MORNING TROPICAL ATMOSPHERE 

HR DIRECT 
(KM) 

TRANSMITTANCE 
SCATTERED 

A-0.0 A-0.9 
TOTAL 

A»0«0 A«0«9 

0 
15 

30 
60 

90 

3.¿32-01 
3.987-07 
2.505-13 
0.000-00 
0.000-00 

3.755-01 

4.850-02 
8.060-03 
6.858-04 
3.002-04 

4.315-01 

7.114-02 
1.167-02 
1.053-03 

4.847-04 

6.987**01 

4.850-02 
8.060-03 
6.858-04 
3.002-04 

7.547-01 
7.114-02 
1.167-02 
l.C 3-03 
4.847-04 

0 
15 

30 
60 
90 

6.308-02 
5.604-03 
1.135-04 

3.170-08 
7.163-11 

1.88^-01 
2.105-01 
5.503- 02 
7.504- 03 
1.497-03 

2.262-01 

2.533-01 
8.252-02 
9.802-03 
2.049-03 

2.515-01 

2.161-01 
5.514-02 
7.504-03 
1.497-03 

2.892-01 

2.589-01 
8.263-02 
9.002-03 
2.049-03 

0 
15 
30 
60 
90 

4.530-02 

3.899-02 
2.723-02 
8.570-03 
2.027-03 

2.432-01 

2.159-01 
1.783-01 

8.573-02 
2.759-02 

2.884-01 
2.427-01 
2.367-01 
1.130-01 
3.919-02 

2.885-01 
2.549-01 
2.055-01 
9.430-02 
2.962-02 

3.337-01 
2.817-01 
2.640-01 
1.215-01 
4.122-02 

♦ 

f 

AFTERNOON TROPICAL ATMOSPHERE 

HR DIRECT 
(KM) 

0 7.534-01 
15 1.506-01 
30 3.545-02 
60 2.669-03 
90 2.518-04 

0 5.679-01 
15 4.060-01 

30 2.603-01 
60 1.042-01 
90 4.376-02 

0 5.208-01 
15 5.049-01 
30 4.861-01 
60 4.086-01 

90 3.353-01 

TRANSMITTANCE 
SCATTERED TOTAL 

A*0.0 A-0.9 
6.884-02 
3.705-01 

5.986-01 
2.532-01 

1.231-01 
3.930-02 

1.849-02 

1.869-01 
7.191-02 
2.740-02 

A»0.0 
8.133-01 
4.039-01 
1.586-01 
4.197-02 

1.847-02 

A-G.9 
8.223- 01 

5.212-01 
2.223- 01 
7.458-02 

2.765-02 

1.155-01 1.541-01 
2.166-01 3.148-01 

2.291-01 3.059-01 
1.595-01 1.992-01 
1.042-01 1.227-01 

1.087-01 1.675-01 
1.010-01 1.623-01 
1.028-01 1.711-01 
1.172-01 1.804-01 

1.376-01 1.930-01 

6.835-01 7.221-01 

6.227-01 7.209-01 

4.895-01 5.663-01 
2.637-01 3.034-01 
1.480-01 1.665-01 

6.295-01 6.883-01 

6.059-01 6.673-01 
5.890-01 6.573-01 
5.259-01 5.891-01 

4.730-01 5.284-01 
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TAö'.E XXIVMCONT. ) 

SUMMER MIDLATITUDE ATMOSPHERE 

HS HR DIRECT 
(KM) (KM) 

TRANSMITTANCE 
SCATTERED 

A*0«Q A»0»9 
TOTAL 

A*0*0 A«0«9 

1 0 
15 
30 
60 
90 

7.668-01 
l.c66-01 
5.795-02 
8.058-03 
1.461-03 

6.794-02 
2.032-01 
1.153-01 
4.954-02 
2.479-02 

7.962-02 
2.955-01 
1.664-01 
7.346-02 
3.795-02 

8.347-01 
3.898-01 
1.733-01 
5.7O0-02 
2.625-02 

8.464-01 
4.821-01 
2.244-01 
8.152-02 
3.941-02 

9 0 
15 
30 
60 
90 

5.254-01 
4.749-01 
3.650-01 
1.919-01 
1.216-01 

6.708-02 
1.992-01 
1.866-01 
1.372-01 
8,285-02 

1.044-01 
2.795-01 
2.551-01 
1.625-01 
9.800-02 

5.924-01 
6.742-01 
5.5\6-01 
3.291-01 
2.040-01 

6.298-01 
7.545-01 
6.202-01 
3.544-01 
2.196-01 

0 
15 
30 
60 
90 

5.927-01 
5.838-01 
5.604-01 
4.943-01 
4.274-01 

1.361-01 
1.548-01 
1.855-01 
2,217-01 
1.952-01 

2.406-01 
2.650-01 
3.015-01 
3.635-01 
3.437-01 

7.289-01 
7.3J7-01 
7.460-01 
7.215-01 
6.226-01 

% 
WINTER MIDLATITUDE ATMOSPHERE 

8.334-01 
8.489-01 
8.620-01 
8.579-01 
7.711-01 

HS HR DIRECT 
(KM) (KM) 

TRANSMITTANCE 
SCATTERED 

A«0.0 A-0.9 
TOTAL 

A*0 »0 A»0.9 

1 0 
15 
30 
60 
90 

7.935-01 
2.097-01 
7.209-02 
1.282-02 
3.094-03 

7.083-02 
2.976-01 
1.244-01 
t .627-02 
3.615-02 

8.251-02 
3.543-01 
1.773-01 
8.047-02 
4.915-02 

8.643-01 
5.074-01 
1.965-01 
6.710-02 
3.924-02 

8.760-01 
5.641-01 
2.494-01 
9.329-02 
5.225-02 

9 0 
15 
30 
60 
90 

5.532-01 
5.156-01 
3.921-01 
2.151-01 
1.405-01 

6.816-02 
2.051-01 
1.876-01 
1.252-01 
8.752-02 

1.059-01 
2.902-01 
2.603-01 
1.538-01 
1.065-01 

6.214-01 
7.208-01 
5.797-01 
3.403-01 
2.281-01 

6.591-01 
8.059-01 
6,525-01 
3.689-01 
2.471-01 

0 
15 
30 
60 
90 

6.227-01 
6.075-01 
5.881-01 
5.221-01 
4.549-01 

1.274-01 
1.495-01 
1.833-01 
2.423-01 
2.159-01 

2.328-01 
2.621-01 
3.052-01 
3.840-01 
3.381-01 

7,501-01 
7.570-01 
7.714-01 
7.644-01 
6.709-01 

8.556-01 
8.696-01 
8.934-01 
9.061-01 
7.930-01 

50 



T^ftL'E XXIV. (CONI.) 

HS HR 
(KM) (KM) 

WINTER 

DIRECT 

(INVERSION PROFILE) ATMOSPHERE 

TRANSMITTANCE 
SCATTERED TOTAL 

AsO.O A = 0•9 A = Û.O A = 0* 9 

1 0 
1S 
30 
60 
90 

3.679-01 
4.221-06 
1.477-10 
7.148-19 
0.000-00 

2.448-01 2.857-01 
2.666-02 5.053-02 

3.795-03 1.191-02 
7.259-04 1.532-03 
4.000-04 7.186-04 

6.127-01 6.537-01 
2.666-02 5.054-02 
3.795-03 1.191-02 
7.259-04 1.532-03 
4.000-04 7.,186-04 

9 0 
15 
30 
60 
90 

2.114-01 

7.468-02 
1.890-02 
3.126-03 
7.415-04 

2.101-01 
3.072-01 
1.346-01 

2.601-02 
8.083-03 

3.496-01 
3.597-01 
1.595-01 
3.163-02 
9.213-03 

4.215-01 
3.818-01 
1.535-01 
2.915-02 
8.828-03 

5.610-01 
4.343-01 
1.784-01 
3.477-02 
9.958-03 

* '4 

0 
15 

30 

60 
90 

2.160-01 
2.035-01 
1.726-01 

1.031-01 
5.606-02 

6.278-02 
1.351-01 
1.757-01 

2.091-01 
1.818-01 

1.180-01 
2.102-01 
2.869-01 

3.364-01 
2.952-01 

2.788-01 
3.386-01 
3.484-01 

3.122-01 
2.378-01 

3.340-01 
4.137-01 
4.596-01 

4.396-01 
3.513-01 

ARCTIC ATMOSPHERE 

HS 
( KM) 

1 

HR 
(KM) 

0 
15 
30 

60 
90 

DIRECT 

9. 123-01 
7.156-01 
6.048-01 

4.754-01 
3.950-01 

TRANSMITTANCE 
SCATTERED 

A * 0 « 0 A*0.9 
TOTAL 

A*0.0 A=0.9 
2.019-02 

7,959-02 
7.486-02 
6.096 -02 

5.167-02 

2.614-02 
1.364-01 
1.335-01 

9.758-02 
7.572-02 

9.325-01 
7.952-01 
6.796-01 
5.363-01 
4.466-01 

9.385-01 
8.521-01 

7.383-01 
5.729-01 
4.707-01 

9 0 
15 

30 

60 

90 

8.369-01 
7.687-01 
7.039-01 
6.055-01 

5.407-01 

7.017-02 
8.872-02 
1.050-01 

7.358-02 
5.540-02 

9.525-02 
1.335-01 

1.508-01 
1.083-01 

8.184-02 

9.071-01 
8.574-01 
8.090-01 

6.791-01 

5.962-01 

9.322-01 

9.022-01 
8.547-01 
7.139-01 

6.226-01 

50 0 
15 

30 
60 
90 

8.091-01 
8.057-01 
7.942-01 
7.608-01 
7.255-01 

1.178-01 
1.229-01 

1.044-01 
1.010-01 
9.918-02 

2.197-01 
2.281-01 

2.102-01 
2.031-01 
1.899-01 

9.269-01 
9.287-01 
8.986-01 
8.619-01 
8.246-01 

1.028-00 
1.033-00 
1.004-00 
9.640-01 
9.154-01 

WMNNMHIlN#1 «MMÉttl 
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function of wavelength In the range 0.3u<X«4.0y, can be obtained by use 

of an exponential interpolation. 

Fig. 3 shows the total transmittance for burst altitudes of 1, 

9, and 50 km vs horizontal range in the model afternoon tropical 

atmosphere for cases where the receiver is facing the source and 

is oriented normal to the source-receiver axis and the ground albedo 

was 0.0 and 0.9. It is seen rh^t the total transmittance is highly 

dependent on the burst altitude. Plots of the total transmittance 

as a function of horizontal range for flat plate receivers facing 

the source and oriented nonnal to the source-receiver axis are shown 

for each of the model atmospheres in Figs. 4 through 9. Figs. 4 and 5 

are for a burst altitude of 1 km and ground albedos of 0.0 and 0.9 

respectively. Figs. 6 and 7 show similar data for a burst altitude 

of 9 k* and Figs. 8 and 9 show data for a burst altitude of 50 km. 

From these figures, it is seen, for receivers facing the source 

and oriented normal to the source-receiver axis, that the rate at 

which the total transmittance falls off with horizontal range 

for a given source altitude is dependent on both the ground level 

meteorological range and the water vapor content used for each 

atmosphere. The basic difference between the summer and winter 

midlatitude model atmospheres is in the water vapor content of each 

atmosphere. The water vapor content in the model summer atmosphere 

is approximately four times that used for the model winter atmosphere 

The differences between the transmittance data seen in Figs. 4 through 

9 for the summer and winter model atmospheres illustrates the effect 

of increasing the water vapor content on the total transmittance. 
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The effect of decreasing the ground level neteorologlcal range 

from 25 km to 3 km is illustrated by the differences between the 

transmittances given in Figs, 4 through 9 for the afternoon and 

morning tropical atmospheres. 

Table XXV lists che direct, scattered, and total transaittancaa 

for nuclear detonations at 1, 9, and 50 km altitude in the morning 

and afternoon tropical atmospheres for the case where the receiver 

is facing the source and is oriented parallel to the ground surface 

and the ground albedo was either 0.0 or 0.9, Table XXVI lists the 

c^^ect, scattered, and total transmittances tor nuclear detonations at 1, 

9, and 50 km altitude in the morning and afternoon tropical atmospheres 

for the case where the receiver is facing the source and is oriented 

perpendicular to the ground surface and the ground albedo was either 

0.0 or 0.9. Figs. 10 through 15 show the effect of the receiver 

orientation on the variation of the total transmittance with horizontal 

range for the morning and afternoon tropical atmospheres when the ground 

albedo is either 0.0 or 0.9. For a burst of 1 km altitude, the trans¬ 

mittance at a receiver located at a horizontal range of 0 km is the 

same for receivers oriented both parallel to the ground and perpendicular 

to the source receiver axis. The transmittance is the lowest for the 

receiver urienteu perpendicular to the ground surface since that 

orientation does not allow the receiver to see any of the direct radiation. 

For a burst altitude of 1.0 km and horizontal ranges of 15 km and greater, 

the transmittances for receivers oriented normal to the source-receiver 

axis and perpendicular to the ground are approximately the same. As the 

(Text continues on page 66.) 
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Ftg. 3. TronimSttanc« for o Nuclear Weapon Bunt In the Afternoon Tropical Atmo^here : 
Receiver Normal to Source-Receiver Axii 
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HORIZONTAL RANGE (km) 
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Fig, 4, Tranjmit.ance for Rapreientatlv* Air Bunt In Model Atmospheres: Bunt Altitude * I km, Ground 

Albedo = 0.0, Receiver Normal to Source-Receiver Axis 
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Ftg. S. Trorwr.lttance for Repr«wntativ* Air 8unt in Aimoiphw«*: Bur« Altitud* = 1 km, 
Ground Albedo * 0.9, Receiver Normal to Source-Receiver Axis 

•' • IHMMuMi i HI- HI lili. Hi "i 



T
R

A
N

S
M

IT
T

A
N

C
E

 

I 

•' » HMWWil.MHiWwiWtMmW ■Www» Will Hfr .WM, 1.,^. wm I» Wliwiniwit JlWlW 

55 

Flg. 6. Trammirnmca for Rsprawntativ* Air Bunt In Modal Atmoiphara»: Burst Altituda * 9 km, Ground 
Albado 31 Ü.O, Receiver Normal to Source-Receiver Axis 
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Fig. 7. Traiwmlttanc* for Rapresentotiv« Air Bunt In Model Atmosphere»: Bunt Altitude * 9 km, Ground 
Albedo * 0.9, Receiver Normal to Source-Receiver Axis 
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Fig. 8. Tranimittonce for Repreientotive Air Burst in Modal Atmospheres: Burst Altitude “50 krt, 
Ground Albedo = 0.0, Receiver Normal to Source-Receiver Axis 
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Fig. 9. Tranimittinc* for Ropreiontotivo Air Bunt In Modal Atmosphere»; Burst Altitude » 50 km. Albedo 
0.9, Receiver Normol to Source-Receiver Axis 
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TABLE XXV. ATMOSPHERIC TRANSMITTANCES FOR NUCLEAR 
WEAPON THERMAL RADIATION IN MODEL ATMOSPHERES 

RECEIVER PARALLEL TO THE GROUND SURFACE 

MORNING TROPICAL ATMOSPHERE 

HS HR DIRECT 
(KM) (KM) 

TRANSMITTANCE 
SCATTERED 

A-0.0 A-0.9 
TOTAL 

A*0*0 A*0»9 

15 
30 
60 
90 

9 0 
15 
30 
60 
90 

3.232-01 
2.635-08 
8.296-15 
0.000-00 
0.000-00 

6.308-02 
2.881-03 
3.259-05 
4.703-09 
7.112-12 

3.755-01 
3.527-02 
3.192-03 
7.383-04 
3.517-04 

2.071-01 
8.6^9-02 
4.718-02 
1.197-02 
3.988-03 

4.315-01 
5.636-02 
5.586-03 
1.149-03 
9.047-04 

2.559-01 
1.146-01 
6.234-02 
1.578-02 
5,318-03 

6.987-01 
3.527-02 
3.192-03 
7.383-04 
3.517-04 

2.702-01 
8.967-02 
4.722-02 
1.197-02 
3.983-03 

7.547-01 
5.636-02 
5.586-03 
1.149-03 
9.047-04 

3.190-01 
1.174-01 
6.238-02 
1.578-02 
5.318-03 

50 0 
15 
30 
60 
90 

4.430-02 
3.733-02 
2.334-02 
5.485-03 
9.8*4-04 

2.471-01 
2.023-01 
1.618-01 
7.462-02 
2.360-02 

4.013-01 
2.940-01 
2.109-01 
9.416-02 
3.220-02 

2.914-01 
2.397-01 
1.851-01 
8.011-02 
2.458-02 

4.456-01 
3.313-01 
2.343-01 
9.965-02 
3.319-02 

AFTERNOON TROPICAL ATMOSPHERE 

HS HR DIRECT 
(KM) (KM) 

TRANSMITTANCE 
SCATTERED 

A * 0•0 A-0.9 
TOT Ai, 

A-0.0 A-0.9 

i : 
30 
60 
90 

7.547-01 
1.016-02 
1.188-03 
4.294-05 
2.545-06 

6.162-02 
4,525-02 
2,892-02 
1.165-02 
8.324-03 

7.411-02 
8.594-02 
6.585-02 
2.289-02 
1.884-02 

8.163-01 
5.542-02 
3.011-02 
1.169-02 
8.326-03 

8.208-01 
9.611-02 
6.704-02 
2.293-02 
1.884-02 

9 0 
15 
30 
60 
90 

50 0 
15 
30 
60 
90 

5.764-01 
2.138-01 
7.375-02 
1.524-02 
4.370-03 

5.102-01 
5.052-01 
4.293-01 
2.725-01 
1.705-01 

1.334-01 
1.173-01 
9.247-02 
5.465-02 
2.990-02 

1.457-01 
1.162-01 
1.019-01 
8.320-02 
6.390-02 

1.723-01 
1.627-01 
1.322-01 
7.229-02 
3.645-02 

2.318- 01 
1.844-01 
1.615-01 
1.319- 01 
1.021-01 

7,099-01 
3.312- 01 
1.662-01 
6.990-02 
3.4?-»-02 

6.560-01 
6.215-01 
5.312- 01 
3.657-01 
2.344-01 

7.488-01 
3.766-01 
2.059-01 
8.753-02 
4,082-02 

7.421-01 
6.897-01 
5.909-01 
4.044-01 
2.726-01 
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TABLE XXVI. ATMOSPHERIC TRANSMITTANCES FOR NUCLEAR 
WEAPON THERMAL RADIATION IN MODEL ATMOSPHERES 

RECEIVER NORMAL TO THE GROUND SURFACE 

MORNING TROPICAL ATMOSPHERE 

HS HR DIRECT 
(KM) (KM) 

TRANSMITTANCE 
SCATTERED 

A*0«0 A *»0*9 
TOTAL 

A»0.0 A=0.9 

1 0 
15 
30 
60 
90 

9 0 
15 
30 
60 
90 

50 0 
15 
30 
60 
90 

0.000-00 
3.975-07 
2.501-13 
0.000-00 
0.000-00 

0.000-00 
4,810-03 
1.085-04 
3.131-08 
7,135-11 

0.000-00 
1.120-02 
1.401-02 
6.587-03 
1.773-03 

6.737-02 
4.846-02 
8.039-03 
6.858-04 
3.001-04 

2.415-02 
9.274-02 
4.840-02 
5,636-03 
1.836-03 

3.688-02 
5.076-02 
6.389-02 
6.961-02 
5.260-02 

1.402-01 
7.112-02 
1.166-02 
1.053-03 
4.847-04 

4.748-02 
1.441-01 
6.823-02 
7.170-03 
2.107-03 

9.197-02 
1.002-01 
1.209-01 
1.252-01 
8.419-02 

6.737-02 
4.846-02 
8.039-03 
6,858-04 
3.001-04 

2.415-02 
9.755-02 
4.851-02 
5.636-03 
1.836-03 

3.688-02 
6.197-02 
7.790-02 
7.619-02 
5.437-02 

1.402-01 
7.112-02 
1.1 6-02 
1.053-03 
4.847-04 

4.748-02 
1.489-01 
6.834-02 
7.170-03 
2.107-03 

9.197-02 
1.114-01 
1.349-01 
1.318-01 
8.597-02 

HS 
(KM) 

HR DIRECT 
(KM) 

AFTERNOON TROPICAL ATMOSPHERE 

TRANSMITTANCE 
SCATTERED TOTAL 

A*0.0 A*0.9 A»0.0 A“0.9 

1 0 
15 
30 
60 
90 

0.000-00 
1.500-01 
3.598-02 
2.591-03 
2.304-04 

8.363-03 
2.544-01 
1.237-01 
4.399-02 
1.790-02 

1.631-02 
3.646-01 
1.857-01 
7.369-02 
2.934-02 

8.363-03 
4.045-01 
1.597-01 
4.658-02 
1.813-02 

1.631-02 
5.146-01 
2.217-01 
7.629-02 
2.957-02 

9 0 
15 
30 
60 
90 

50 0 
15 
30 
60 
90 

0,000-00 
3.565-01 
2.459-01 
1.017-01 
4,371-02 

0.000-00 
1.516-01 
2,576-01 
3.271-01 
3.070-01 

2.479-02 
1.485-01 
2.227-01 
1.526-01 
9.093-02 

6.446-02 
7.406-02 
9,352-02 
1.512-01 
1.913-01 

5.941- 02 
2.459-01 
¿.075-01 
1.864-01 
1.033-01 

1.359-01 
1.818-01 
2.037-01 
2.789-01 
2.942- 01 

2.479-02 
5.050-01 
4.686—01 
2.544-01 
1.346-01 

6.446-02 
2.256-01 
3.511-01 
4.783-01 
4.983-01 

5.941-02 
6.024-01 
5.535-01 
2.882-01 
1.470-01 

1.859-01 
3.334-01 
4.614-01 
6.060-01 
6.013-01 
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Fig. 10. Companion of the Transmlttance« for Receiver* Oriented Perpendicular to the Source-Receiver 
Axil, Parallel to the Ground Surface, aid Perpendicular to the Ground Surface for a Nuclear 
Weapon Bunt at 1 km Altitude In the Morning and Afternoon Tropical Atmoipherei: Ground 
Albedo = 0.0 
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Flp. 11, Camparlton of the Trammlttancet for Receiver* Oriented Perpendicular to the Source-Receiver 
Axil, Parallel to the Ground Surface, and Perpendicular to the Ground Surface for a Nuclear 
Wec|»on Bunt at 1 km Altitude in the Morning and Afternoon Tropical Atmosphere*: Ground 
Albedo »0.9 
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Fig. 12. Companion of the Trommlttances for Receivert Oriented Perpendicular to the Source-Receiver 
Axil, Parallel to the Ground Surfoco, and Perpendicular to the Ground Surface for a Nuclear 
Weapon Bunt at 9 km Altitude in the Morning and Afternoon Tropical AtriKMphera*: Ground 

Albedo * 0.0 
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Fifl. 13. Comparison of the Transmittances for Receivers Oriented Perpendicular to the Source-Receiver 

Axis, Parallel to the Ground Surface and Perpendlcu*" to the Ground 'urface for a Nuclear 
Weapon Burst at 9 km Altitude in the Morning and Afternoon Tropical Atmospheres: Ground 
Albedo = 0.9 
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AFTERNOON TROPICAL ATMOSPHERE 

Receiver Perpendicular To 
Source-Receiver Axlt 

Receiver PerpendicuI 
To Ground Surface 

MORNING TROPICAL ATMOSPHERE 

Receiver Perpendicular 

Receiver Patollel To Ground Surface 

HORIZONTAL RANGE (km) 

Fig. (5. Companion of Ttie TrammlTTonce* for Receivers Oriented Perpendicular To Hie Source-Receiver 

Axt*, Parallel to the Ground Surface , and Perpendicular to the Ground Surface for a Nuclear 
Weapon Burst at 50 km Altitude In the Morning and Afternoon Tropical Atmosherei: Ground 
Albedo « 0.9 



burst altitude increases, the horizontal range at which the transmittance 

for a receiver oriented normal to the ground surface approaches that 

for a receiver oriented normal to the source receiver axis increases. 

In general the transmittance is the greatest for a horizontal receiver 

only when the direct radiation is negligible and most of the transmittance 

is due to scattered radiation. The importance of the scattered trans¬ 

mittance with respect to the direct transmittance increases with 

horizontal range and the ground level meteorological range. It decreases 

with an increase in the source altitude. 

The direct, scattered, and total transmittances as a function 

of horizontal range in the morning and afternoon tropical atmospheres 

for the case where a nuclear detonation occurs at an altitude of 1 km 

are tabulated in Tables XXVII and XXVIII, respectively, for ground 

albedo values of 0.0 and 0.9 and for receivers facing the source and 

oriented normal to the source-receiver axis, parallel to the ground 

surface, and perpendicular to the ground surface. The data for receivers 

oriented perpendicular to the ground at horizontal ranges of 15 km and 

greater are the same as those tabulated for receivers oriented normal to 

the source-receiver axis. Because of this fact, only data for a hori¬ 

zontal range of 0 km are tabulated for the case where the receiver is 

perpendicular to the ground surface. 

The effect of a cloud cover on the transmittance for a nuclear 

weapon burst at 1 km altitude in the morning and afternoon tropical 

atmospheres is seen in Figs. 16 through 19 for a receiver facing the 

source and oriented normal to the source-receiver axis to be dependent 
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on the altitude of the bottom of the cloud. It Is seen In Pigs. 16 and 

17 that directly under the source and out to horizontal ranges of 

approximately 15 to 20 km in the morning tropical atmosphere containing 

a cloud layer the transmittance for a nuclear veapon burst is larger than 

that computed for the morning tropical atmosphere with no clouds. This 

results from the reflection by the bottom of the cloud. At horizontal 

ranges greater than 15 to 20 km the transmittance In the morning 

tropical atmosphere without a cloud layer exceeds that computed for 

the case where the cloud bottom was at either 1.5 or 3.5 km. This 

results from the fact that photons can travel larger distances between 

collisions in an atmosphere not containing clouds, whereas the cloud 

layer reflects these photons and keeps them from moving out to larger 

horizontal ranges. 

In Figs. 18 and 19 it is seen that the transmittance for a nuclear 

weapon burst at 1 km altitude in the afternoon tropical atmosphere is the 

greatest directly under the source when the cloud bottom altitude is 1.5 

km. At intermediate ranges, the transmittance in the afternoon tropical 

atmosphere is the greatest when the cloud bottom is at 3.5 km altitude. 

At larger horizontal ranges the transmittance in tha afternoon tropical 

atmosphere with no cloud cover is greater than that with clouds at 1.5 

and 3.5 km altitude. 

From Pigs. 16 through 19 it is seen that the magnitude of the 

transmittance for a nuclear weapon burst at 1 km altitude in the atmos¬ 

phere is highly dependent on the ground albedo. An increase in the 

(Text continued on page 74.) 



TABLE 

"IR 

(KM) 

O 
15 
30 

O 
15 
30 

O 
15 
30 

O 
15 
30 

O 

XXVII. ATMOSPHERIC TRANSMITTANCE FOR A NUCLEAR 
WEAPON BURST AT 1.00 KM. ALTITUDE IN THE 

MORNING TROPICAL ATMOSPHERE WITH A CLOUD LAYER 

RECEIVER NORMAL TO SOURCE-RECEIVER AXIS 

CLOUD BOTTOM AT 1.50 KM. 

TRANSMITTANCE 
DIRECT SCATTERED 

A-0.0 A-0.9 
TOTAL 

A«*0.0 A*0.9 

3.232-01 5.073-01 6.211-01 8.305-01 9.444-01 
3.987-07 4.166-02 5.778-C2 4.166-02 5.778-02 
2.505-13 1.345-05 1.4*7-05 1.345-05 1.447-05 

CLOUD BOTTOM AT 3.50 KM. 

3.232-01 5.601-01 6.872-01 8.834-01 1.010+00 
3.987-07 7.205-02 1.271-01 7.205-02 1.271-01 
2.505-13 2.568-03 3.118-03 2.568-03 3.118-03 

RECEIVER PARALLEL TO GROUND SURFACE 

CLOUD BOTTOM AT 1.50 KM. 

3.232-01 5.073-01 6.211-01 8.305-01 9.444-01 
2.635-08 1.432-02 2.805-02 1.432-02 2.805-02 
0.295-15 1.345-05 1.455-05 1.345-05 1.455-05 

CLOUD BOTTOM AT 3.50 KM. 

3.232-01 5.601-01 6.872-01 8.834-01 1.010+00 
2.637-08 6.339-02 1.333-01 6.339-02 1.333-01 
0.295-15 9.925-04 2.334-03 9.925-04 2.334-03 

RECEIVER PERPENDICULAR TO GROUND SURFACE 

CLOUD BOTTOM AT 1,50 KM. 

0.000+00 3.595-02 1.439-01 3.595-02 1.439-01 

CLOUD BOTTOM AT 3.50 KM. 

0 O.OUO+OO 4.877-02 9.314-02 4.877-02 9.314-02 
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TABLE XXVIII. ATMOSPHERIC TRANSMITTANCE FOR A NUCLEA« 
WEAPON BURST AT 1,00 KM, ALTITUDE IN THE 

AFTERNOON TROPICAL ATMOSPHERE WITH A CLOUD LATER 

RECEIVER NORMAL TO SOURCE-RECEIVER AXIS 

HR 
(KM) 

0 
15 
30 
60 
90 

0 
15 
30 
60 
90 

0 
15 
30 
60 
90 

0 
15 
30 
60 
90 

0 

CLOUD BOTTOM AT 1,50 KM, 
TRANSMITTANCE 

DIRECT 

7,547-01 
1.537-01 
3.600-02 
2.593-03 
2.305-04 

7.547-01 
1.537-01 
3.600-02 
2.593-03 
2.305-04 

SCATTERED 
A*0,0 A*0.9 

TOTAL 
A"0.0 A*0.9 

4.716-01 
2.150-01 
8.052-02 
8.988-03 
1.326-03 

7.232-01 
1.112+00 
3.072-01 
2.599-02 
2.626-02 

1.226+00 
3.688-01 
U165-01 
1.150-02 
1.556-03 

1.478+00 
1.266+00 
3.432-01 
2.858-02 
2.856-03 

CLOUD BOTTOM AT 3.50 KM. 

9.501-02 
5.477-01 
2.253-01 
1.902 »02 
1.609-03 

1.520-01 
1.712+00 
7.288-01 
1.273-01 
1.190-02 

8,497-01 
7.014-01 
2.613-01 
2,162-02 
1.839-03 

9.067-01 
1.666+00 
7.648-01 
1.299-01 
1.2-14—02 

RECEIVER PARALLEL TO GROUND SURFACE 

CLOUD BOTTOM AT 1,50 KM. 

7.547-01 
1.016-02 
1.188-03 
4.294-05 
2.545-06 

7.547-Oi 
1.016-02 
1.188-03 
4.294-05 
2.545-06 

4.716-01 
5.531-02 
1.518-02 
6.274-04 
4.886-05 

7.232-01 
6.947-01 
8.406-02 
2.692-03 
1.775-04 

1.226+00 
6,648-01 
1.637-02 
6.704-04 
5.140-05 

CLOUD BOTTOM AT 3.50 KM. 

9.501-02 
1.867-01 
5.653-02 
3,008-03 
2.708-04 

1.520-01 
1.059+00 
3.646-01 
2.442-02 
1.758-03 

8.497-01 
1.969-01 
5.772-02 
3.051-03 
2.733-04 

1.478+00 
7.048-01 
8.525-02 
2.735-03 
1.801-04 

9.069-01 
1.069+00 
3.638-01 
2.446-02 
1.761-03 

RECEIVER PERPENDICULAR TO GROUND SURFACE 

CLOUD BOTTOM AT 1,50 KM. 

0,000+00 4,254-02 2.270-01 4,254-02 2.270-01 

CLOUD BOTTOM AT 3.50 KM. 

0.000+00 1.245-02 1.737-01 1.245-02 1.737-01 
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HORIZONTAL RANGE {km) 

Fig. 17. Va-loHon of Hio Trommittonce for a Nucioar Weapon Bunt at I km Altitude In the Morning 
Tropical Atmosphere with Horizontal Range for Cloud Bottom Altitudes of 1.5 and 3.5 km: 
Receiver Normal to Source-Receiver Ax!*, Ground Albedo • 0.9 

CLOUD BOnOM AT 3.5 KM 
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Ftg. 18. Variation of tha Tranimlttanca fer a Nuclear Weapon 8ur$t at 1 km Altitude In fee Afternoon 
Tropical Atmosphere with Horizontal Range for Cloud Bottom Altitudes of 1.5 and 3.5 km: 
Receiver Normal to Source-Receiver Axis, Ground Albedo * 0.0 

. 
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n9. 19. Variation of tha Tranwnittance for i Nuclear Weapon Burst at 1 km Altitude In the Aftemoa-i 
Tropical Atmosphere with Horixonta! Range for Cloud Bottom Altitudes of 1.5 and 3.5 km: 
Receiver Normal to Source-Receiver Ax'», Ground Albedo ~ 0.9 
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ground albedo from 0.0 to 0.9 results In a much larger Increase :Ln the 

transmittance foi the case where the atmosphere contains a cloud layer 

with Its base at either 1.5 and 3.5 km than that observed for an 

atmosphere without a cloud layer. 

The dependence of the transmittance for a nuclear weapon burst 

on burst altitude is illustrated in Figs. 20 through 25 for receivers 
• ' " : » ,:.- • yf v ,, :| iii 1 -!l! u - ¿1 ¡¡I, ^ ,!!!pn|¡' f 111 |l!¡|!| jitij W ¡1 ¡ |||p|m 

facing the source and oriented normal to the source-receiver axis at 

horizontal ranges of 0, 15, 30, 60 and 90 km in each of the six model 

atmospheres. Transmittances are given in thei;e figures for cases 

where the ground albedo is either 0.0 or 0.9 for all wavelengths. 

Except for the 0 km horizontal range, the transmittance increases 

with an increase in the burst altitude. It must be noted that the 

curvea shown in Figs. 20 through 23 are drawn through only three 

points, and as a result, the shape of the transmittance curves at 

burst altitudes above 10 km are qjestionable. 

The importance of the scattered radiation contribution to the 

total transmittance is shown in Table XXIX. This table lists the 

ratio of the total transmittance to the direct transmittance for 

receivers facing the source and oriented normal to the source receiver 

axis. It is noted for the morning tropical and winter inversion atmos¬ 

pheres that, the scattered radiation makes up a significant portion of 

the total transmittance at all burst altitudes. Fig. 26 shows the 

variation of the total-to-direct transmittance with horizontal range for 

burst altitudes of 1, 9, and 50 km and ground albedos of 0.0 and 0.9 
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for th* afternoon tropical atmosphere. It is seen that the importance 

of acattered radiation increases with horizontal range* The ratio of 

the total-to-dlrect transmittance ¿or a nuclear weapon burst in the 

sismar and winter eidlatitude atmospheres do not differ appreciably 

as a function of horizontal range for burst altitudes of 9 and 50 km. 

For the 1 km burst altitude In the simmer and winter midlatitude atmos¬ 

pheres, the ratio of th# total-to-dlrect transmittance increases slightly 

faster with horizontal range in the winter midlatitude atmosphere than it 

does in the summer midlatitude atmosphere. 

The ratio of the total-to-direct transmittance in the arctic 

atmosphere listed in fahle XXIX Indicates that scattered radiation does 

not contributo significantly to the total transmittance for a nuclear 

burst in the arctic atmosphere. 

The transmittance for an atmosphere with a ground surface albedo 

that varias with wavalergth would fall between the values tabulated in 

this report for ground albedo values of 0.0 and 0.9. Although it is 

possible to compute transmittances from use of the LITE-III data for 

caaes where the ground albedo varies with wavelength, it Is believed 

that the reader can, with a reasonable degree of accuracy, estimate 

transmittancea for those cases from a knowledge of the transmittances 

whan the albedo le either 0.0 cr 0.9 for all wavelength®. 

(Text continue« on page 85.) 
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Fig. 24. Variation of tU Trarwnittane* for a Nwcloor Woapon 8or»t In Hi* Wlntor I ivortion Midlatitudo 
Atmo^horo with Bunt Altitud*; Receivmr Normal to Sowrc*-R*c*iv*r Axis 
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TABLE XXïX . 

HS ALBEDO 
( KM > 

1 0.0 
1 0*9 
9 0.0 
9 0.9 

50 0.0 
50 0.9 

1 0.0 
0.9 

9 0.0 
9 0.9 

50 0.0 
50 0.9 

RATIO OF THE TOTAL-TO-DIRECT TRANSMITTANCE FO 
NUCLEAR WEAPON BURSTS IN THE MODEL ATMOSPHERE 

’. 1 I> t* 

RECEIVER NORMAL TO SOURCE-RECEIVER AXIS 

MORNING TROPICAL ATMOSPHERE 

HORIZONTAL RANGE (KM) 
15 30 60 

2.16+00 
2.33+00 
3.99+00 
4.50+00 
6.37+00 
7.37+00 

If 22+05 
1.78+05 
3.85+01 
4.62+01 
6.54+00 
7.22+00 

3.22+10 
4.66+10 
4.86+02 
7.28+02 
7.55+00 
9.69+00 

2.37+05 
3.09+05 
1.10+01 
1.42+01 

2.09+07 
2.86+07 
1.46+01 
2.03+01 

AFTERNOON TROPICAL ATMOSPHERE 

1.00+00 
1.09+00 
1.20+00 
1.27+00 
1.20+00 
1.32+00 

2.68+00 
3.46+00 
1.53+00 
1.77+00 
1.20+00 
1.32+00 

4.47+00 
6.27+00 
1.88+00 
2.18+00 
1.21+00 
1.35+00 

1.57+01 
2.79+01 
2.53+00 
2.91+00 
1.29+00 
1.44+00 

7.33+01 
1.10+02 
3.38+00 
3.80+00 
1.41+00 
1.58+00 

SUMMER MIDLATITUDE ATMOSPHERE 

1 0.0 
1 0.9 
9 0.0 
9 0.9 

50 0.0 
50 0.9 

1.09+00 
1.10+00 
1.13+00 
1.20+00 
1.23+00 
1.41+00 

¿.09+00 
2.58+00 
1.42+00 
1.59+00 
1.26+00 
1.45+00 

2.99+00 
3.87+00 
1.51+00 
1.70+00 
1.33+00 
1.54+00 

7.14+00 
1.01+01 
1.71+00 
1.85+00 
1.46+00 
1.74+00 

1.80+01 
2.70+01 
1.68+00 
1.81+00 
1.46+00 
1.80+00 



ÉS 

84 

TABLE XXIX.(C9NT.) 

1 
1 
9 
9 

50 
50 

1 
1 
9 
9 

50 
50 

1 
X 
9 

• 9 
50 
50 

0.0 
0.9 
0.0 
0.9 
0.0 
0.9 

0.0 
0.9 
0 • c 
0.9 
0.0 
0.9 

0.0 
0.9 
0.0 
0.9 
0.0 
0.9 

WINTER INVERSION ATMOSPHERE 

1.67+00 
1.78+00 
2.00+00 
2.65+00 
1.29+00 
1.55+00 

6.23+03 
1.20+04 
5.11+00 
5.82+00 
1.65+00 
2.03+00 

2.57+07 
8.07+07 
8.12+00 
9.44+00 
2.02+00 
2.66+00 

1.10+15 
2.14+15 
9.30+00 
1.11+01 
3.03+00 
4.27+00 

ARTIG ATMOSPHERE 

1.02+00 
1.03+00 
1.08+00 
1.11+00 
1.19+00 
1.27+00 

1.11+00 
1.19+00 
1.11+00 

.17+00 

.15+00 

.28+00 

1.12+00 
1.22+00 
1.15+00 
1.21+00 
1.13+00 
1.26+00 

1.13+00 
1.21+00 
1.12+00 
1.18+00 
1.13+00 
1.27+00 

WINTER MIDLATITUDE ATMOSPHERE 

1.09+00 
1.10+00 
1.12+00 
1.19+00 
1.20+00 
1.37+00 

2.42+00 
2.69+00 
1.40+00 
1.56+00 

.25+00 
1.43+00 
1 

2.73+00 
3.46+00 
1.48+00 
1.66+00 
1.31+00 
1.52+00 

5.23+00 
7.28+00 
1.58+00 
1.72+00 
1.47+00 
1.74+00 

1.19+01 
1.34+01 
4.24+00 
6.27+00 

1.13+00 
1.19+00 
1.10+00 
1.15+00 
1.14+00 
1.26+00 

1.27+01 
1.69+01 
1.57+00 
1.76+00 
1.47-1-0 0 
1 74 +QC 
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Fig. 26. Variation of th* Ratio of th* Total-To-DIract Trammittanets In tha Aftomoon Tropical Atmoiphorn 
with Horizontal Rang# for Bunt Altitud« of 1, 9 and 50 km and Ground Albodo Valu« of 0.0 and 
0.9: Racaivar Orientad Normal to Sourca-Recaiver Axil 



V. Conclusions and Recommendations 

i'l*' transmittance of thermal energy from a point isotropic source 

In the atmosphere to flat plate receivers facing the source and located 

near the ground surface has been shown to be highly dependent on the 

amount of •.•iter vapor In the atmosphere, the ground level meteorológica] 

range, the m-rn«ol «lie distribution, the ground albedo, the source 

altitude, and the receiver orientation with respect to the source. For 

a given source altitude, the transmittance was found to be more dépendent 

on the ground level meteorological range than on any other parameter. 

The transmittance for a given source altitude, horizontal range and 

ground albedo ts observed to increase with an Increase In the ground 

level meteorological range. The rate at which the transmittance for a 

given lorizontá! range Increases with an increase in the meteorological 

range in dependent on the source altitude. It is observed that the 

increase in the transmittance as the meteorological range increases from 

3 km to 25 km is greater than the increase in transmittance as the 

meteorological range Increases from 25 km to 200 km. 

The effect of varying the water vapor content at ground level from 

3 g m-3 to 17 g m"3 in the morning tropical end winter inversion atmos¬ 

pheres with a 3 km ground level meteorological range is observed to be 

much greater than that computed for the atmospheres with a 25 km ground 

level meteorological range. The amount of the reduction in the trans¬ 

mittance at 90 km horizontal range that resulted from an increase in the 

water vapor content at ground lavel from 3 g a-2to 17 g m~3 was observed 

to increase fro»- a factor of about 1.5 to a factor of 8 with an increase 



In the source altitude from 1 km to 50 km for the 3 km meteorological 

range atmosphere«. The amount of the reduction in the transmittance 

at 90 km horizontal range with an Increase in the water vapor contant 

from 3 g m“2 to 17 g m~3 at ground level in the atmospheres with a 25 

km meteorological range was observed to not vary significantly with 

source altitude. The rate at which the transmittance was r"*jced as 

the water vapor content was increased from 3 g nf 3to 17 g nr* was 

found to be Independent of the magnitude of the ground albedo. 

Some of the differences in the transmittance observed at large 

horizontal ranges when going from the winter inversion atmosphere to 

the morning tropical atmosphere is probably due to the ¿ifftrences in 

the aerosol size distributions used to compute the aerosol attenuation 

coefficient as well as ♦ t the different water vapor densities in the 

atmospheres. The seros . attenuation coefficient in the morning tropical 

atmosphere does not decrease as rapidly with increasing wavelength as 

does the aerosol attenuation coefficient in the winter inversion 

atmosphere. Therefore the aerosol attenuation of the direct radiation 

for wavelengths > 0.55p is greater for the morning tropical atmosphere 

chan J'.t is for the winter inversion acmosphere. In addition, the scattered 

tr(nsmlttancc at the larger horizontal ranges were higher in the winter 

inversion atmesphere than in the morning tropical atmosphere. It is 

felt that the differences in the transmittance for the morning tropical 

and the winter inversion atmosphere are due as much to the differences 
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in the aerosol size distribution as they are due to the differences in 

the water vapor content of the two model atmosphere». 

The results of the calculation for a point source located at 1 km 
if 

altitude in both the morning and evening tropical atmosphere containing a 

cloud layer with cloud bottom altitudes of 1.5 and 3.5 km show that 

the presence of a cloud layer could result in transmittances greater 

than 1.0 for horizontal ranges to about 25 km. It is observed that 

for a high ground albedo, the presence of a el'-ud layer could increase * 

the transmittance in the evening tropical atmosphere by a factor of 

2 to 3 over that computed for a cloudless atmosphere at horizontil 

ranges to 60 Ion. At large horizontal ranges (60 to 90 km), it was 

found that the presence of a cloud layer reduces the transmittance 

that computed for a cloudless atmosphere. 

ïhe calculated transmittance data presented In this report show 

how changes in the scattaring and absorption properties of the atmos¬ 

phere will affect the transmission of nuclear weapons thermal radia¬ 

tion in the atmosphere. The results of the calculations clearly show 

the importance of multiple scattering on the transmittance for atmos- 

pherea with ground level meteorological ranges of 25 km or less. 

The transmittance data given in this report for nuclear weapons 

are baaed on an integration of the LITE-III calculations as a function 

1 

of wavelength for each of the six different model atmospheres with the 

time distributions of the fireball temperature and relative irradiance 

aa reported by Cahill, Gauvir, and Johnson. It is recommended that 



the LF'S-III caieolations for the six model atmospheres be folded with 

time distributions of the fireball temperature and relative irradiances 

as given by more recent studies than that from which Cahill, et al, 

obtained the data shown in Fig. 2. The results of such calculations would 

provide information on the effect of the height of burst, weapon yield, 

and weapon design on -ransmittance data for nuclear weapons. 

The LITE-111 calculations run for this study provide Information 

on the wavelength dependence of atmospheric transmittance of light for 

six different model atmospheres. It is proposed that this data be 

further analyzed to determine the dependence of the transmittance data 

on the ground level meteorological range and the absolute humidity of 

the atmosphere so that the data could be extended to other visibility 

condiciona. The results of the proposed study, combined with further 

LITE-III calculations for cloudy atmospheres, could be used to develop 

a simplified calculational model for determining atmospheric trans¬ 

mittances for nuclear weapons that would allow one to accurately predict 

transmittance data for a wile range of weapon yields, burst altitudes 

and atmospheric conditions. 
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lonte Carlo calculations for monochromatic point isotropic sources were performed to| 
determine the direct and scattered fluxes incident on flat plate receivers oriented so: 
as to be 1) perpendicular to the source-receiver direction, 2) parallel to the ground 
surface, and 3) perpendicular to the ground surface. The riceiver surface was always 
facing the point isotropic source. The calculations were run for 13 monochromatic 
wavelengths between 0.3*“'and' 4.Or, source altitudes of 1, 9 and 50 km, a receiver alti¬ 
tude of 6 m, and receiver horizontal ranges from 0 to 90 km. The transmission calcu¬ 
lations for each of the receiver orientations were performed fir model atmospheres 
designed to represent a morning tropical atmosphere and an afternoon tropical atmos¬ 
phere. Transmission calculations for a receiver oriented normal to the source-receiver 
axis were also performed for summer, winter and winter inversion midlatitude atmos¬ 
pheres, an an arctic atmosphere. For the 1 km source altitude in the morning and 
afternoon tropical atmospheres, transmission calculations were performed for cases 
where these atmospheres contained a cloud layer with the bottom of the cloud layer 
being at an altitude of either 1.5 km or 3.5 km.' The Monte Carlo calculated scattered 
and direct fluxes for each receiver orie.. cat Ion méta integrated over the power emissios 
spectrum for a blackbody source at temperature T to\determine atmospheric transmittanc 
as a function of the blackbody temperature for each 6f the source altitudes and atmos¬ 
pheres considered. The atmospheric transmittance data\as a function of the blackbody 
source temperature were then folded with data giving thè time distributions of the 
temperature and power emission of a fireball produced by V air burst of a nuclear 
weapon to give atmospheric transmittance data for an air burst. Calculated data are 
(Abstract continued . 
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