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ABSTRACT

The foilowing report documents a study ot low altitude
atmospheric radiation transmission conducted by a student-faculty femT
at Cailfornia State University, Northridge, School ot Englneering.
The report was generated under a contract Issued by the Alr Force
Flight Test Center at Edwards Alr Force Base. A simple computer
program, LARTAP, has been developed. The simplicity of the program
maxkes It easy to modify to sult users requirements, Should detalled
testing be required to Improve program accuracy, currently avallable
Instrumentation has been evaiuated. ([t has also been suggested that g
tecunique Invoiving direct measurement ot radlation transmission and
utilization or a numericai flltering technique may provide a more

accurate modes ot atmospheric radiation transmission at a test site.

...........................
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INTRODUCT ION

"As radlatlion technology beéomes more and more a part of our
detense capabillities, the need arises to be able to understand and
predlict the effects of the earth's atmosphere on radlation
transmisslon, The need Is especlally great for the low altitude
reglions of the earth's atmosphere because many systems are being
designed to operate In thls reglon. Partlicutar examples of such
systems are Forward Looking Infrared (FLIR) (asers, Low Light Level
Televislon, and Night Vislon Goggles.

The Alr Force Fllight Test Center (AFFT Edwards Alr Force
Base (Edwards AFB) requires such knowledge to evaluate sensors In the
visible through infrared spectrum, |In order to acquire thls knowledge
AFFTC Issued a contract to the School of Englineering at Callfornia
State University, Northrlidge (CSUN).

CSUN was to evaluate the transmission of radiation In the
atmosphere ot the earth. The radlation of interest was in the
wavelenth reglon of 0.35 um to 14 um, The atmosphere of Interest was
from an altitude of 0.0 km (AGL) to an altitude of 0.7 km (AGL), wlith
a maximum altitude of 5 km (ASL). CSUN was also to I[dentlfy
atmospheric components that effect the transmisslon of radiation In
the aforementioned wavelength reglion,

The contract was carried out at CSUN through the use of a student
Design Clinic, A Design Clinic Is an Independent study course offered

at CSUN where students work under the guldance of faculty members on

contracrs Issued to the School of Englineering. The faculty and i

student team that worked on this contract Is Ilsted on the title page
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as authors.,

The project began with a |lterature search. The first gdal of
the |lterature search was to acqulre and understand fhé theoretical
equatlions that descrlbe the transmission of radiation In the earth's
atmosphere. The second goal of the |lterature search was to
Investigate fhe atmospheric components affecting the transmission of
radlation, The final goal of the |lterature search was to evaluate
presently existing computer software that modeled the transmission of
radliation In the earth's atmosphere,

Currently, the most comprehensive c;mpufer program that models
transmission of radlation In the earth's atmosphere [s LOWTRAN, .
LOWTRAN Is a product of Alr Force Geophysics Laboratory at Hanscom
AFB, Massachusetts. Thls program was flrst developed in the
mld-1970's and several modifled versions have been released since that
time,

Unfortunately, the LOWTRAN computer code Is ex*remely
complicated. This compiication posed a problem slnce AFFTC had
expressed a need for a computer program that could be used at a test
site., [t was determined that LOWTRAN cou]d not be used to satisfy
thls need. However, LONTRAN contalns an exfkemely comprehensive
empirical data base. Thus CSUN developed a new computer program,
LARTAP, that Is much simpler than LOWTRAN, however the new computer
program still utillzes the same empirical data base as LOWTRAN.
Preliminary test runs of LARTAP have shown agreement with LOWTRAN,

However, It Is suggested that further testing be done to compare

LARTAP to actual test data.

CSUN has also evaluated the AFFTC test equipment to assess the
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capabillty of AFFTC to measure atmospheric components .that affect

x - - radlation transmission. The equlipment exlisting at AFFTC Is more than

.
“ ' %

adequate to support the current version of LARTAP. However, shouid

PSR

[
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the need arlse for more comprehensive measurements, suggestions are

made for posslible acqulsitions,

Finally, suggéstlons are made for possible future work., As was

]

mentlioned previously, more testing needs to be performed to verlfy the

LARTAP computer program. One of the short comlings of both LARTAP and

" .
S LOWTRAN Is the Inablillty to handle the possible affects of solar
,i radlation. It Is suggested that a model be developed to account for
% this affect. The resulting model could easily be Incorporated In
LARTAP.
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SECTION |
BASIC CONCEPTS IN RADIATION TRANSMISSION

If a source emits radlation into a medlum (such as the atmosphere
of the earth) then the Intensity of the emltted radlation will be
changed.by the medium. The sltuation Is presented qualltatively In
fligure 1. The radlative Intensity from the source of Interest Is
changed fhrough~four mechanisms, Radiation may be absorb?d, radliation
may be scattered out of the line of sight, radlation may be emltted
and radiation from sources other than the one of Interest may be
scattered into the line of sight,

It Is demonsfrafgd in reference 1 that the change in radiatlive
intensity of wavelength A, along some path § fhrough a medium Is gliven

by the following differentlial equation,

3l = al, -al -l +Lg§1*dw ()
ds 41T
&
wvhere:
S = path

I - monochromatic radlative Intensity at §

Is = blackbody Intensity using the temperature of the medium at §
. and wavelength

a - absdrpflon coefficlent of the medium at S and

o = scattering coeffliclent of the medl!um at S and

w = solld angle

3 - phase functlion of scattering

I* - radiative Intensity along S from sources other than the one

n
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of Interest.

The first term to the right of the equal sign accounts for
emisslon by the medium., Note that Kirkoff's Law has been Invoked In
the derivatlion of equation (1) since the absorption coeffliclent Is
used In the emisslon term, The second and third terms account for
attenuation due to the absofp*lon and scattering out of the I|ine of
sight, respectively. The fourth term accounts for the scattering of
radiation from sources other than the one of Interest into the llne of
sight,

The scattering coefflicient and phase function in the fourth term
may be Interpreted qualitatively as follows. The scattering
coeftficient determines the total amount of radiation from sources
other than the one of Interest that Is scattered. The phase functlon
accounts for the proportlion of radiation that Is scattered Iinto the
Iine of sight., A good example of I* source of radliation would be
solar Intensity.

Unfortunately, In.order to properly evaluate the last term In
equation (1) It would be necessary to know the local intensity along
the line of sight from all possible radiative sources around and In
the region of the medlum under conslderation., This Is quite a
formidable task. Brlefly It Involves transforming equation (1) Into
an Integro-partial-dlfferential equation, Then thls equation is
solved for an Intensity fleld function that may be evaluated at any
point In the region of the medium under consideration, In general
this Integro-partlial-differential equation may be solved only by a
numerical technlique such as finite element,

Thus In the Interest of simplliclity the last term of equation (1)

3
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was dropped. |t should be pointed out, however, that for a -llne of

sight that extends from the surface of the earth upwards I* source
term resulting from the scattering of solar radiation may be qulte
significant, It Is felt+ that a future effort should be undertaken to
find a simplified method to model thls eftect.

Droppling the last term, equation (1) may be written as:

dl + €1 = aIb 2)
d s
where:
€ = o~ +8 =~ extinctlon coeffliclent
Equation (2) I!s a linear, ordinary differentlal equation which
has the following solutlion,
L L
-Se(u)o\u : . -g‘e(u)du .
&
I.=1, e + I,(s)a(sh) e ~® ds” ()

o
where I,_ and I, are the following Dirichiet boundary conditions,
I, - monochromatic intensity at the source of Interest,
I_ - monochromatic Intensity at a point a distance L along S.
Equation (3) may be Interpreted quall%aflve as follows. Conslder

the case where the medium Is cold such that I ~ 0, then equation (3)

would reduce to:

L
g €(w) du
I,=1, e°

Thus the exponential with an Integral augument represents the

attenuation of the Intensity I, along the Iine of sight extending from |
0 to L. This exponential with an Integral augument deflnes the

transmittance of the path from 0 to L., Note that the transmittance

L}
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will vary from zero to one.

The second term Is a little more complicated. Consider a

dlfferenflal'pa+h~lengfh at S* some where along S between 0 and L.

Over this differentlal path length dS* radlation will be emItted by

the medium., The exact amount Is gliven by Ib(S*)a(S*)dS*. However,

this amount willl be attenuated between S* and L where the

fransmittance Is‘glven by:

L
..g e(u)du
S.
e

Summing all the contributions from every dS* between 0 and L gives the

second term In equation (3).

Equation (3) may be written as follows:

-SLGCu)clu
I\_= Iof. ° L
- _S:G(u)au —gi(u) du
+ L,Ls‘)es dle °° ds” (4 o]
-g: aluw) du d s”*
o e o

Define T, and T, as follows:

_gge(u)du -g\ja(u)du

X

Te(x,4) = € ) Tal(ty) = € (ab)

Then equation (4) may be written as:

IL=TcTe(oL) + g Tu(s®) Te(s' L) d T L) ds™ (3
o Ta(s™ L) d ¥

At first glance It may appear that equation (5) Is more
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compllicated than equation (3), however, the numerlical analogue of
equation (5) wlll prove to be very convenlient for evaluating I, with

a computer program. The numerlical anajogue of equation (5) Is:

IL = Io T‘(O, L)

n=-1
+ Z [h(s‘m) Te (e, 1) + Lu(s) ms’:lo} L
Ta(s:'.-ﬂ, L) Ta(sz)l‘) L
L=l

X ['\',(S'Z..,L) - Ta(s’Z)L)} (6)

where the path from 0 to L has been divided into n-1 distances of
* »
<5i+| - SL)-
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SECTION 11

RADIATION PROPERTIES OF GASES AND PARTICLES

In sectlon | the concepts of absorptlion, emlssion and scattering
were Introduced. The purpose of thls sectlon Is to discuss these
concepts In more detall. However, before discussing the mlcroscoplc
effects producing these three phenomenon It Is helpful to review the
continuous matter assumption, .

Equation (1) assumes continuity of matter In the followlng sense.
A macroscoplc differentlal volume of matter cénfalns an Inflnlte
number of molecules; such that, In equilibrium although the
microscoplic states of fhe\molécules are continuously changing, the
macroscopic state of the matter In dV Is the time average of the
contlinuously changing microscopic states of the molecules within dv.

In order to understand absorption, emission and scattering It Is
necessary to utilize Quantum Mechanics. From a Quantum Mechanical
point of view the radlative transfer problem becomes one of
determining the characteristlics of photons. |In particular the local
number denslty, energy distribution and direction of motion, |f these
three characteristics are known then the macroscoplc quanf{fy,
intensity, may be determined. Any or all of these characteristics are
altered by Interactions between the photons and the medlium components
(atoms, molecules and particulates).

Absorptlion occurs when a photon encounters a component of the
medium and Is absorbed thereby Increasing the energy of that
component, Emission occurs when a component emits a photon thereby

decreasing the energy of that component, Scattering occurs when a

.o -
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photon encounters a component of the medlum and the direction of
motion of the photon Is changed.

According to Quantum Mechanlics a single medlum component may
exist In any one of a number of accesslible energy states. This
concept Is displayed In flgure 2, The ground state Is the |owest
energy level fhafia medium component may have, The ionizatlion state
Is the energy required to lonlze the medium compopenf. In figure 2,
two other accessible energy states are shown between ground and
lonization, For an actual medium component there may be any number of
accessible energy states between ground and lonlzation,

Conslder a single gas molecule that has accessible energy states
as shown In figure 2, According to Quantum Mechanlics +he energy of a
photon Is hv where h !s Planck's Constant and v Is frequency. Thus In
order for thls gas molecule to move from energy state E, to energy

state E, It must absorb a photon of the followling frequency.

T:E!"E|
h

if there were no Interaction between molecules and no other
effects the absorption céefficlient for a large number of these gas.
molecules would be a single vertical Ilne at frequency v, The
magnitude of the absorpflon.coofflclenf would depend of the number of
ga# molecules within the medium a?‘energy.level E,. However, In the
case of a real gases colllislons between molecules cause the accessible
states displayed In figure 2 to shift, Thus for a real gas the
absorption coefficient s a distribution around frequency v, The
spread of the distribution depends on the number of molecules

experiencing a colllision, The number of gas molecules experiencing a

.........
.............
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5: collision Is related to pressure. As was previously mentioned the

magn!tude of the absorption coefflicient at frequency v depends on the

< number of molecules In energy state E. Thls number Is dependent on
Y

i the density and temperature of the gas.

il Thus the following conclusions can be drawn about the absorption

coeffliclent of a gas. First, the absorption coefficlent wllf depend
on the local thermodynamic state of the gas. Second, the absorption
coefficlent for a gas Is a strong function of Inclident radiation
frequency. The principles presented thus far are displayed In flgure
3.

Finally, If the schematic displayed In flgure 2 were for a real
gas, then a plot of absorption coefficient versus all frequencies
would appear as three distributions of the type displayed In fligure 3.

These distributlions would be centered at the following frequencies:

The relative magnitude of the absorption coefficient at each of these
frequencies would depend of the thermodynamic state of the gas.
Attentlon Is now turned to the medium components that are
referred to as particulates or aerosols. These compor>nts are sollid
particles that are suspended In the gaseous componen:: of the medlum,
Examples of partlculates are dust particles, water droplets, etc.
It Is Important to note at this point the size of particulates

and how It relates to the continuum assumption discussed at the
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beginning of this section. lé order to treat the partliculates using a
continuum equation such as equatlion (1), It must be assumed that the
dimensions of the problem under consideration are large enough such
that a differentlal volume dV contalns a large number of particulates,

Where as a gas exhlbits an absorptlon coefficient that Is a
strong functlon of frequency, particulates tend to exhibit absorption
coefficients that are somewhat smoother functions of frequency. The
reason [s that a particulate Is composed of a number of closely
Interacting molecules, Flgure 2 for such partliculates becomes a
contlnuum of accessible states, %hus the molecular colllsion-pressure
relationship that Is significant for gas has essentlally been carrled
to an extreme In the case of particulates resulting In a smoothing of
the frequency dependence.

The absorption coefficlent for particulates also depends on the
thermodynamic state of each particle since this Is related to the
energy state of each molecule comprising the particle. However thls
dependence Is neglligible,

Thus the absorption coefficlent for particulates In the medium Is
a function of frequency and particle denslty, The density dependence
Is expanded to Include particulate slze distribution, since larger
particles wll|l tend to absorb more radiation than a smaller particle.
This Is due simply to the larger cross-sectlon presented to the
Incldent radliation by larger particles.

If a photon encounters a molecule and the energy of the photon Is
such that the molecule cannot absorb It, then that photon will be
scattered Into a different direction as a result of the collision,

In the case of particulates the scattering phenomenon Is

2
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comp|icated by the fact that when a photon encounters a particulate It
encounters the surface molecules of the structure., Thus It Is these
molecules that determine the resulting moflon.of the photon, For
example, a photon may encounter a surface molecule that scatters the
photon toward a molecule on the same particulate that flnally absorbs
thls photon,

As can be seen by this last e%ample fﬁe mech;nlsm that govern

scattering can get quite compllicated. However, scattering

coefflclents of molecules and particulates 'exhibit the same dependence

characteristics as the absorption coefficlents,

2]




SECTION 111
RADIATION MODEL

Glven the tools developed in sectlions | & Il It |s now posslible
to formulate a mathematjcal mode! to analyze the transmission of
thermal radiation through the earth's atmosphere. Such a model has
been developed by C.S.U.N. In the form of a computer program., Thlis
section documents thls combufor program,

The mode! was designed tc functlon under the followling
constraints. The radlation to be conslidered by the model Is In the
wavelength range from 0.25 um to 25 um. The region of the atmosphere
to be considered extends from ground level to an altitude of 0.7 km
above ground level with a maxImum of 5 km above sea l|evel.

The objective of the computer program Is to evaluate equation (6)
of section |, From the Information presented In sectlon Illlf can be
concluded that the absorptlion and extinction coefficlents will be a
function of the local thermodynamic state of the atmosphere and the
trequency of the Incident radiation. |In general the thermodynamlic
state of the atmosphere will vary In all directlons, however, for this
report It Is assumed oniy to be a functlion of altitude measured
vertically to the earth, .

The atmosphere |s composed of a large number of components, |t
I's assumed that the total absorptlion coefficient of the atmosphere Is

the summatlion of the absorption coefficlients of each of the

components: n

Aror = % aL
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This assumptlion Is also made for the total scattering .

coefficlent:
n

N vyor = % L

L=
Thls Impiles that the total extinctlion coefflclent as defined in

€ror = Z €L

These assumptlions lead to the followling conclusions concerning Tqa

section | lIs:

and T, as deflned In section |,

-Tel(*,ﬁ)_ Co FTénﬁi.%)- (70
- ! i

F’Te‘(x,\ﬁ

?6 ToT (x, Lj)

Tavor G ) = [Ta, )| [Ta s GLd] + v v [Tantai )] o)
i 1L _ i |

Also, based on the above assumptions and definitions In sectlion

-

I, Ta; and Te; for atmospheric component | are functlons of path
length, the thermodynamic state of component | along that path length
and the frequency of the Incident radlation,

Thus If empirical data were obtained to establish functlional
relationships for 7., and T¢ ., then these relatlonships and equation
(6) would provide the desired result., This [s exactly the approach
that was taken In formulating the model developed at C.S.U.N.

Fortunately, the required empirical data has already been
obtained for use in a computer program known LOWTRAN. Thls computer
program was developed by the Geophysics Laboratory in Cambridge, Mass.

The objective of LOWTRAN Is to solve problems simiiar to the one

., - IR o P S S . . . . PR A . St -
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considered in this report. The obvious question now arises as to why
- It was necessary to develop a new program?
i The answer to thils question lles In the fact that LOWTRAN was
developed to handlie problems more general than the one under
consideration In this report. The consequence of this generality Is
compllcation., Thus by developing a new model and extracting the
pertinent data from LOWTRAN as required, C.S.U.N. was able to deveiop
a simpler computer program that was geared oniy to the problem at
hand.

According to LOWTRAN documentation (reference 2), W;gx,y) and

Te . (x,y) may be expressed as follows:
. . Y :
funchion [C'V'L (v') g bJ;,(h) 0\5] ‘ (8)
X

where:
v - frequency
Cy;- spectral coefficlent for component |
h - altitude measured vertically from the ground
s - path (x to y)

W, - absorber or scattering amount of component |

There Is an assumption that needs to be made In order to utlllze 4
the empirical data from LOWTRAN. The assumptlon Is related to the
fact that equation (6) from section | applies only for radiation of a
discrete frequency. Unfortunately, it Is virtually Impossible to
obtaln the required empirical data at discrete frequencles, The data

obtalned for LOWTRAN was acquired by instruments that essentiailly
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obtalned the average values of T, ‘and Y¢ Oover a narrow band of

. frequencles. Thus In order to utillze equation (6) the assumption
.E must be made that this equation Is also valid over a narrow band of
) frequencles,
X LOWTRAN provided data for the following atmospheric components:
,5 H,0, 0,, CO,, CH,, N, 0, CO, Oy, N,
,3 . and also flve general categorles of particulates (aerosols)
1. Maritime
2. Urban
. 3. Rural
-
‘i 4. Advection Fog
'E 5. Radlation Fog
?S The components CO,, CH,, N,0, CO, and O, were lumped as one

component which Is referred to as the uniformiy mixed gases. The

absorber amount for this cohponen# Is glven by:

: 0.15
¥ 1013.0 T 1013.0 T

where:

P - local total pressure (mb)

T - local temperature (K°)

For Incident radliation having a wavelength In the region of 4 um,
3 N, molecules experlencing a colllision provide a continuum of
accesslible energy states which are capable of absorbing radiation In
this reglon, Thls effect Is considered by the program and the

absorber amount Is glven by:

ATy 1""’.'."‘,'. G -

2]

''''' ~ e e ot T L T "-,} .o el P P R e _‘.“_1 .‘.' - L T ey L T . . . .
PP I ) . Y Lo T W N S . b - N - M e
PARMRR UL IRE Y A GG RN D, ST P TS -..,)_;\_,\..'-A,‘.'._-_A_\,\m:-;._.-._-;.L-‘._L-:-1.:-~AV,LAAL.:4~_.;A_A_.AA_-J




ST BT WE RO e =

wvhere:
P - local total pressure (mbd)

T - local pressure (K°)

The a}mospherlc component H,0 Is treated as three separate
components (n order to irflflclally account for three separate
absorption characteristics. The first characteristic Involves the
standard type of gaseous absorption that was discussed In section ||,

The absorber amount for this component Is given by:

0.9

W= 0.1 Waz [———EL___ 2323.15 ]

1013.0 T

vhere:
P - local total pressure (mb)
T - local temperature (K°)

W,, - local density of H,0 (gm/m?)

The ofhe? two absorptlon characteristics attributed to H O
involve contlnuum absorption. The two continuums are In the
wavelength reglions of 3.5 um to 4,2 um and 8 um to 11 um,
Unfortunately, theoretical explanations for the existence of these two
reglons of continuum absorption does not present|y exist, However
they are accounted for, and the absorber amounts are calculated as

followss
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8.0 wum 0 11.0 um

W= Wee ) Puo EXP [@.os (1% _ |>] " o.oo:i<p- P, o)
T kS

where:
&u° - local partial pressure of H,0 (atm,)
P - local total pressure (atm.) .
T - local temperature ( K)

Wuz = local density of H,0 gm/cm = km

3.5 um to 4.2 um

W= Wy [pu,,o + 0.2 (P- Pm)] EXP [4.56( 246 - \”
: T

where nomenclature and units are the same as 8.0 um Yo 11.0 um reglon,

The atmospheric component 0, Is treated as two separate

components In order to artifliclally account for two separate
absorption characferlsflcs. The first 0, component acco@nfs for the |
standard type of gaseéus absorption that was discussed In section I,

This component will be referred to as Ozone |.R. Where the |.R.

refers to Iinfrared. The absorber amount Is glven as follows:

0. 4

W= 46.67 woz_[ P / 273,15 :I
1013. 0 T

P - local total pressure (mb)

vhere:

T - local temperature ( K)

W,, = density of 03 (gm/m )

2
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ﬁ The second 0, component accounts for the absorption of photons by
‘ the electronic structure of the 0, molecule, This type of absorption
i was not discussed In sectlion || because [t would have required a

Li complete dissertatlon In Quantum Méchanlcs: Brlefly, absorption at

i the electronlic leveél of molecules Is assoclated with hlgh frequency

Incident radlation which Is referred to as ultraviolet (U.V.) (1 um to
0.01 um), The absorber amount lg glven as follows:

W = 46.6667 W,,
where:

W,, = density of 0, (gm/m>)

According to the LOWTRAN documentation, the total effect of
scattering by the molecular atmospheric components discussed thus far

can be lumped together. The scattering amount Is given as follows:

W o= P 273 15
1013, 0 T

where:
P - local total pressuré (mb)

T - local temperature (K°)

——

The spectral coefflclents for each of the attenuation components

discussed thus far are presented In figure 4 to figure 11, In these
flgures the Independent spectral quantity Is the wave number (n) and
It Is defined as follows:

N = Lo/ A

where A Is the wavelength, Thus a wave number of qcmd ls equivalent
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to a wavelength of:

A= 10 um

d

It Is worthwhile to note that all of the thermodynamic propertlies
required to evaluate each W, are functions of h. Thus each W Is a
function of h,

As was mentlioned éarller, LOWTRAN provided empirical data for
flve general categories of particulates (aerosols). They are as
follows:

1.l Marlitime

2., Urban

3. Rural

4. Advection Fog

5. Radlatlion Fog

The Marltine category applles to oceanic reglions and coasf line
areas., The particulates result from sea salt particles which are

produced by the evaporation of sea spray droplets,

The Urban category applles to Industrial and urban areas where
'fhe majority of particulates result from combustion processes,

The Rural category Is intended to represent the aerosol
conditions found In continental areas which are not directly
influenced by urban particu! s -« sources,

When the alr becomes neariv saturated with water vapor, fog can
form, Saturation of the alr can occur as a result of two different
processes; the mixing of alr masses with dlifferent temperatures
(advectlon fog) or by coolling of the air to the polint where the

temperature approaches the dew point (radlatlion fog). |t should be
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mentloned that a cloud cover Iis nothing more ?hﬁn a fog that does not
contact the ground.

Based on the Information presented In sectlon ||, the extinction
and absorption coeffliclents for particulates are a function of
particulate concentration slze distribution and frequency of incident
radlation, The spectral and size distributlon data was obtalned from
LOWTRAN for the five categorlies of particulates. This data Is
presented in figure 15 through figure 24, The particle size
distribution for each of the five categorlies of particulates was
obtalined empirically. 1t only remains to account for variaiions In
particulate concentratlion, Note that In each case the data has been
normallized such that the extinctlion coeffliclent is one at a wavelength
of 0.55 um., The reason Is to Incorporate the particulate
concentration utilizing a quantity called the Meterologlical Range (V).
The quantity V Is the distance reguired for the radiant intensity of
some source to drop to 2% of the origlinal source Intensity at a
wavelength of 0.55 um, |I|f the souirce Intenslity Is such that emlsslion

by the particulates Is negligable, then

-V8
Te(o,V) = 0.o2 = ¢

or

where

B - particulate extinction coefficient at 0.55 um (km ' ).

The gbvious question arlises as to the effect of other atmospheric




!

components on B. The answer lles In the speclflied wavelength of

0.55 um, which Is approximately equal to a wave number of 18000 cmfl.
By reviewing flgure 4 through figure 11 It can be seen that the

only atmospherlc components affecting Te(0,V) at 0.55 um are 03 and

molecular scattering. The concentration of 0, at low altitudes Is

virtually neglligible., It was only considered in this model for

completeness. Also the effect of molecular scattering at 0.55 um Is
negliglble., Thus the quantlty V depends on the particulate
concentratlon,

The reason for normallzing the particulate data to an extlnction
coefficient of one at 0.55 um should now be obvious. By measuring or
estimating a value of V and selecting the appropriate particulate

category, the extinction and absorption coefflcients at any other

wavelength may be calculated as follows:

‘Ol'_ = 3. 412

Coa, (A, Wuz)
y ,

E. = 3.912 Cu—el'_'<)),wr.‘z>
v | .

where:
A - wavelength
Wuz - H,0 density
V - meterological range

Cyq and C, are presented In fiqgure 15 through flgure 24.

Note that C,, and C,. are functions of the H,0 denslity. This Is
shown In the flgures by relative humidity. The reason for this

functional relationship Is that the H,0 molecules tend to accrete to

K}
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the surface of the parflcuquesﬂ Thus the Inclident photons encounter
H;o molecules, The hlgheflduz the more accretlion takes place.

It Is worth menflonlngAsome more [nformation about the fog
models. For thick fogs (clouds) where V Is less than 200m the
extinctlion coefficlent Is virtually independent of wavelength, These
conditions are modelsd best by the advectlion fog. For moderate fogs
200 m < V < 1000 m the radiation fog should be used. For thin fogs,
1 km < V < 2 km a maritine, urban or rural particulate model should be
used with a 99% relative humidity.

Utillzing equatlion 4b from section | and the above equations for
the particulate absorption and extinctlion coefficlent, T,(x,y) and
1;(&5)for a particulate afméspherlc component may be expressed as
follows:

funclhion l' SS CU-"_<U',L\)HZ> wL(‘f\)a\S]
X

where

Wilh) = 3.912
Y;

‘Wz = shows the dependence of the spectral coefflclent on the H, O
density (relative humldity)
v = frequency
Cut@3bha>- from figure 14 through figure 24. (extinction and
absorption) |

h = altitude

The spectrail coefficlent for a particulate atmospheric component

is part of the Integrand due to I[ts dependence on H,0 density which Is
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dependent of h., Thls Is In contrast to the equlvalent expresslion for
molecular atmospheric components (see equation 8)., The above equation
can be placed in the same form as equation 8 by evaluating the
spectral coefficlent at the average H,0 density between x and y. Then
IH(&Q)and Te(x,y) for the particulate atmospherlc component may be

expressed as follows:

— 1 |
funchion [CVL(U’)sz-)g wi(h)ds] (@)

where

Whz = Whz (x) + Wuz Cy)d
L

Based on the data presented thus far In this sectlon [t Is now
possible to evaluate the following term for each of the atmospheric

components

W
Sy = CU‘(_(U‘) g W (h) d s

All that remalns Is to know the functlional relatlonship between
Teo (%,¥), Tailx,y), and K.
For the Uniformily Mixed Gases
- 0.5%5S
Te = Ta = EXP | -0.068a K ] (o)

For the Nitrogen Continuum

TE = Ta = EXP [K] (1)
For the H,0
0.6S5
Te = Ta = EXP [-o.oeeq K ] (2)
For the H,0 Continuum (8.0 um fto 11.0 um)
Te = Ta = EXP [‘K] (\3)

“"
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For the H,0 Contlnuum (3.5 um to 4.2 um)

'Te=Tq=Exp['K] (!4)
For the 0, |1.R. Reglon

0.660

Te = Ta = EXP [-0. 0643 K ] (1)
For the 0, U.V. Reglon

Te=Ta=EXp [-K] 06)
For Molecular Scattering

Te = ExP [-K ] ()

Ta = 0.0 : <l8)
For Partliculates

Te = ExP [-Ke] _, C(9)

Ta = EXP[‘"KQ:’ ("O)

Note that for a particulate component there are two values for K
where Kals obtained by evaluating equation (9) for absorption and K.
Is obtalned by evaluating equation (9) for extinction,

Consider the situatlion depicted In flgure 25, where

h, - altitude of point x

h, = altitude of point y

T(h,) - temperature at h,
T(hy) - temperature at h,
WiCh,) - absorber amount of component 1| at h,

With,) - absorber amount of component | at hy

thus

ds

]!
o
3

cos &
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1 -
v>g We(nds = Coi(w) g“ Wo(h) dh

Cos &

assume that (Jg(h) Is a seml=-log function of altitude, then

h-h

wcéh)&: W;(h,) [w;(ha)] ha-T,
We (h,)

oo () gﬂwa(h)J¥1= [Weeh) - we )] [4- %] Coic)
. (h
. (h

| logqe [ )J
as h, - h, )

4
cmmg Wilh) dh —> Wi(n) [4-x] Co(o)

X

from the last two expresslons and equations (10) through (20) It Is
possible to evaluate equations (7a) and (7b) for Teror (X,y) and

Taror (X,¥)e Thus equation (6) of sectlon | can now be evaluated where
T(h, ) and T(h, ) would be used In the black body function., The
quantifty n for the numerical analogue of the emlission integral In
equation (6) would be 2 for thils particular example, and also note

that in general.

Teror <%’3> = 1.0
Tarer Cyry) = 1.0

The above has been a simplifled example of how the computer

4]
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program operates, This example Is simpllifled In the sense that only

{ two points were used to evaluate the numerical analogue of the
E, emlsslon lnfegfal. The actual computer program will use more polnts.
‘g_ A llsting of the computer program Is presented In Appendix A. The

program I[s well commented wlth Intent of belng self-documenting.
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SECTION 1V

USERS GUIDE

Sectlons !, I, and 1|l provide the theoretical basls for the
computer program LARTAP. The obJectlive of thls sectlon Is to provide
the user with a gulde of how to use the current version of LARTAP.

The word, current, Is signlficant because one of the major gulidellines
utlilized during the development of LARTAP was that the program be
simple, The objective of this simplicity was to allow for easy
modlfication, Thus, the program may be tallored with |Ittle effort to
accommodate any project that requlires the analyslis of low altitude
radlation transmisslon,

In order to use LARTAP the user must place the required program
inputs in a disk flle, This 1s accomplished by utillzing the editor
on the user's computer. The disk flle must be named DATA. On each
Ilne of the file the user must speclfy the numerical data as pfesenfed
In the following paragraphs., The program utllizes free format read
statements. Thus each numerlcal value must be followed by a comma

except for the last plece of data on a l|ine.

On Ilne 1 of the flle DATA, 3 values must be specifled, as

follows:

MODEL, GRASL, NPTS

MODEL =~ An Integer that Jetermines the default atmospheric

thermodynamlc data to be used If the user deslres, The uses
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GRASL -

NPTS -

On
follows
Hl, SMA

HI -

of MODEL wll! become apparent when one enters the data for

llne 3, The possible value of MODEL are:

MODEL Default Atmospherlc Model
1 Troplcal
2 Midlatitude Summer
3 Midlatltude Winter
4 Subarctic Summer
5 Subarctic Winter
6 1962 U.S. Standard

Further documentation of these atmospheric models can‘be found
In reference 2.

A real number that specifles the local ground altitude
measured relative to sea level In kilometers.

An Integer that speclifles the number of polnts to be entered
after, and including, line 3 to define the thermodynamic state
of the atmosphere as a function of altlitude. Note the larger
NPTS, the more accurate the results gliven by LARTAP. A good

value for NPTS would be 10.

line 2 of the file DATA, 3 values must be specified, as

X, ANGLE

A real number that speciflies the altitude of the radiative

. B . , ot e e . . P . . P
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Lh =4

SMAX =~
ANGLE =
On

thermodynamlic state of the atmosphere as a functlon of altitude. On

each of
ZGR, P,
ZGR -
P -
T -
RH -

S atalatac ot ol Bon A Al

source measured relative to the local ground altitude (GRASL)
In kilometers,.

A real number that speclfies the distance from the source to
the observer along a.sfralghf |lne between the source and the
observer, In kilometers,

A real number that specifies the angle between a vertical Ilne
and the |Ilne between the source and the observer, In degrees,
Thls varlable Is represented In Figure 25 of Section Il by

the angle & .

llne 3 through line 3+NPTS the user specifles the

these llnes, the user must specify the following data:

T, RH, WO, VIS, [HA

A real number that speclfies the altltude, in kilometers,

relative to ground level at which the rest of the data on the
line Is measured.

A real number that speciflies the total atmospheric pressure,
In milllIbars, at altltude ZGR. A value of -1000. will cause a
use of default data as specifled by the value of MODEL.

A real number that specifles the atmospheric temperature, iIn
degrees C, at altitude ZGR, A value of -1000, will cause a
use of default data as specified by the value of MODEL.

A real number that specifies the relative humidity of the

atmosphere, In percent, at altltude of ZGR., A value of -fOOO.
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I I
RN N

wlill cause a use of default data as specifled by the value of
l MODEL. ' '
;i wo - A real number that specifies the denslity of ozone In the
hi atmosphere,In grams per cublic meter, at altlitude ZGR. A value
Ei of -1000. wll! cause a use of default data as speclifled by the
E; value of MODEL.

Vis = A real number that specifies the value of the meterological
range, In kilometers, at altitude ZGR., A value of =-1000. will
cause a use of default value as speci{fled by the value of {HA,

IHA - An Integer that specitles the type of, particulate (n the

atmosphere reglon between ZGR and the next speclfled altltude

above ZGR., The possible values of [HA are as follows:

IHA Type
0 No particulates present
1 Rural with a default meterological range of 23 km

Rural with a default meterological range of 5 km

2

3 Marltime with a default meterological range of 23 km

4 Maritime with a default meterological range of 5 km

5 Urban with a default meterological range of 5 km

8 Advection Fog with a default meterologlical range of 0.5 km

9 Radiation Fog with a default meterological range of 0.5 km

The Rural type Is Intended to represent the particulate
conditlions found In continental areas which are not dlrectiy
influenced by urban particulate sources.

The Maritime type applies to oceanic reglons and coast |Ine
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areas, The particulates result from sea-salt part - e, -
produced by the evaporation of sea-spray dropiets.

The Urban type applies to Industrial and urban areas w e - ' &
majority of particulates result from combustlon processes.

When the atmosphere becomes nearly saturated wlth water vapor,
fog can form. Saturatlion of the alr can occur as a resuit of two
different processes; the mixing of alr masses with dlfferent
temperatures (advection fog) or by coolling of the alr to the point
where Its temperature approaches the dew-polint (radlation fog).

For thick fogs where V is less than 200m the extinction
coeffliclent Is virtually Independent of wave length, These condltions
are modeled best by the advection fog. For moderate fogs,
200m V 1000m, the radiation fog should be used. For thin fogs,
tkm V 2km, a maritime, urban or rural particulate model should be
used with a 99% relative humidity,

It should be mentioned that a cloud is nothing more than a thick
fog that does not contact the ground.

Slnce the density of ozone at low altitudes Is qulte low It Is
suggested that no special effort be undertaken to measure ozone
density. However, for completeness, It Is recommended that ozone be
included uflllzlﬁg one of the program default model capabilities,

In order for LARTAP to operate correctly, NPTS must have a value
of at least two. Thils means that the thermodynamic state of the
atmosphere must be specifled at a minimum of two altitudes, (two
values of ZGR). These two altltudes have to bound the atmospheric
reglon of Interest, For example ZGR = 0.0 and ZGR = 0,7 where 0.0

represents the minimum altitude of interest relative to ground level
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= © ..' represents the maximum altitude of Interest relative to g;ound

' ve@ .,
| The output from the current version of LARTAP s In the form of
three disk tlles, The names of the disk flles are WAVYN, TRAS, and
' RADA. The flle WAYN contains the wave numbers for the spectral reglon
studlied by LARTAP, WAVYN contalns one wave number on each lline of the
tile, The flie TRAS contains the transmittance for the atmospheric
configuration specified In DATA. TRAS confalng one value of
transmittance on each ilne., The value of transmittance on a
particular [Ine of TRAS corresponds to the wave number on the same
ITne In WAVN. The flile RADA contalins the Intensity of radiatlion
emitted by the atmosphere between the source and the observer for the
atmospheric configuratlon speclfled ln‘DATA. The value of emitted
intensity on a particular Iline In RADA corresponds to the wave number
on the same |line In WAVN,

The spectral reglion studied by the current version of LARTAP Is
from a wave number of 350 ¢m to a wave number of 40,000 cm in

Increments of 10 cm .

In table I, flve sample Input data files are presented. Each of
the five sample data flles shown In table | Is preceded by a title
Indicating the values of H!, SMAX, and ANGLE for that particular data 1
_flle. These titles are not part of the data fiies, LARTAP output for
these flve sample data flles Is presented graphically In flgure 26
through fligure 40.

The program also requlres seven other Input data files, Thess
tflles are not controlled by the user. They supply the necessary

spectral data that was discussed In sectlion IIl. The reasons for

L
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storing this spectral data In fliles Is as follows.

In urder to facllltate this possible conversion of this program
to a micro-computer for use In the fleld, It was determined that the
large spectral data based would have to be stored In peripheral
equipment, Thus these seven spectral data flfes were lncorporated to

emulate such peripheral equipment.
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TABLE 1 - SAMPLE DATA FILES

Ll 2 aa-de a4

SN

H1=1 0 KM SMAX=1. 0 KM ANGLE=0 DEGREES
1,9.000,5
1.0,1.0,0. 000
0.000, -1000.0., -1000.0, —1000. 0, -1000.0, -1000.0, 0]
0. 500, -1000.0, -10090.0, —1000.0, ~1000.0, -1000.0, ¢
1. 000, -1000.0, -1000.0, ~~1000. 0, ~1000.0. -1000.0, O
1. 500, -1000.0, ~-1000. 0, ~1000. 0, -1000.0, --1000.0, O
2.000, -1000.0, -1000. 0, —~1000.0, ~-1000.0, -1000.0,
Hi=1. 0 KM SMAX=1. 0 KM ANGLE=&40 DFGREES
1, 0.000.: 5
1.0,1.0,4&0. 000
0. 000, -1000.0, -1000.0, -1000. 0, -1000.0, -1000. 0, 0
0. 500, -1000.0, -1000. 0. -1000. 0. -1000.0. -1000.0, 0]
1. 000, -1000. 0, -1000.0, -1000. 0, -1000.0, -1000.0, 0
1. 300, -1000.0, -1000.0, ~1000. 0, -1000.0, -1000.0, O
2. 000, -1000.0, -1000.0, -1000. 0, -1000.0, -1000.0, o
H1=1. 0 KM SMAX=1. 0 KM ANGLE=90 DEGRFES
1,0 000, 5
1.0,1.0,90. Q00
0. 000, -1000.0, -1C00. O, -1000. 0, -3J000.0, -1000.0. O
0. 500, -1000.0, -1000.0, -1C00. 0, -1000.0, -1000.0, ©
1. 000, -1000.0, -1000.0, -1000. 0, ~1000.0, -1000.0, 0
1. 500, -1000.0. -1000.0, -1000. 0, -1000.0, -1000.0, O
2. 000, -1000.0. -1000.0, —1000. 0, -1000.0, -10C0. 0, 0]
Hl=1. 0 KM SMAX=1. 0 “M ANGLE=120 DEGREFES
1,0.000,5
1.0,1.0,120. 000
0. 000, -1000.0, -1000.0, ~1000. 0, --1000. 0, -1000 O, 0
0. 500, -1000. 0., -1000.0, ~1000. 0, --1000.0, -1000.0, o)
1.000, -1000.0, -1000. 0, -1000. 0, -1000. 0, -1000.0, G
1. 500; —1000 O' -1000. 0, "1000 0, "1000 0, 1000 0, 0
2. 000, -1000.0, -1000.0, -1000.0, ~1000.0, -1000 O, O
5
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1!
.0.,1.0,120. 000

. 000, -1000.0, -1000.
. 900, -1000.0, -1000.
. 000, -1000.0, -1000.
. 000, -1000.0, -—-1000.

e e OO 4=

TABLE 1 (CONTINUED)

Hi=1.0 KM

0. 000, 5

SMAX=1. 0 KM

O,
o,
0,
0.
0,
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ANGLE=180 DEGRFES

-=1000.
--1000.
-1000.
~-1000.
~1000.

0,
0,
0,
0,
0,

~-1000. 0.
-1000. 0,
-1000. 0,
-1000. O,
-~1000. 0O,

-1000.

-1000.
-1000.
-~-1000.
-+1000.

0,
0,
0,

0,
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FIGURE 38
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SECTION V

SUMMARY OF RADIATION INSTRUMENTS

It can be concluded from section IV that In order to support the
current version of LARTAP, It Is necessary to make four measurements,
These four measurements are pressure, femerafure, relatlive humidity
*: and meterological range. As was discussed In section IV, since the
b density of ozone at low altitudes Is small, It Is suggested that no
E speclail effort be made to measure ozone density. However, for
- completeness, It is recommended that ozone be Included utillizing one
of the program default model capabillitlies,

The pressure measurement can be made utlllzing a barometer. The

temperature and relative humidlty measurements can be made utillizing
an AN/TMQ-11 Temperature Dew Point, Flinally, the meterologlical range
measurement can be made utlilizing an AN/GMQ-10 Transmlissometer. This
Instrumentation I|s available at most AFB Installatlons.

The atmospheric components that effect radiation transmission are
4,0, 0,, CO,, CH,, N0, CO, 0,, N, and particulates, The question now
arises as to how each of these components Is accounted for by the four
required measurements, The H,0 component Is accounted for by the
relative humidity measurement., The 0, component would ordinarily be
accounted for by direct measurement, however, as was Just dfscussed,lf
Is recommended that default data be utllized so no measurement is
necessary., The other gaseous components and the particulate component
are accounted for by the use of two assumptlions, First, In order to
account for the remalning gaseous components [t Is assumed that the

mole fraction concentration of each cf these components Is a world
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wlde constant., Secondly, as was discussed In section [I|l, by assuming
standard ;lze distributlons, the par?lculéfa component can be
accounted for by utiilzing the meférologlcal range, These two
assumptions are Inherent In the data base obtained from LOWTRAN for
use In LARTAP. According to reference 2 these assumptions are valid
for the Intended uses of LOWTRAN. However, LARTAP will be used by
AFFTC at Edwards AFB where, state of the art, radlation systems are
being tested. Thus the questlion arises as to the accuracy of these
assumptions for the Intended uses of LARTAP. Thlis questlion can only
be answered by comp;rlng results predicted by LARTAP with thC se
obtalned from test data. Should disagreement arise then the LARTAP
data base would have to be expanded through detalled testing and more
detalled measurements wouid have to be taken to support LARTAP,

CSUN has surveyed the equipment avaliable at Edwards AFB to
determine the currently exlIsting capabllity to support such a detalled
testing program, The present Inventory at Edwards AFB contained
Instrumentation to measure H,0, 0,, 2nd CO concentrations. The
following Is an »>utline of thls Instrumentation,

IMQ = 11:

This iIs standard equlpment at most AFB Installations capable of
Indicating relative or absolute water content of the alr,

Monlitor Labs 8410: Qzone Analyzer
The concentration of ozone |s measured by a chemilumlinescent detector.
The ozone sample and ethylene are mixed In a reaction chamber. The
ozone reacts with the ethylene to form activated aldehyde. The
aldehyde then emits Infrared with an Intensity directly proportional

to the ozone concentratlion,
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Full Scale Ranges - 0.1, 0.5, 1.0, 5.0, 10.0 ppm.
Preclsion - + 0.339% full-scale

Minimum Sensitivity - 2 ppb,

Monitor Labs 8310 - Carbon Monoxlde Analyzer:
Ambient air Is pumped In and split Into two paths, One path flows
through a sample cell where an Infrared beam's Intensity Is measured.
The higher the CO content, the greater the attenuation of the IR beam,
The second flow path travels through a catalytlic converter, which
changes all the CO to CO,, and then flows to a second sample cell.
Thls second cell Is used as a reference, and the difference in the IR
attenuations [s used to display the CO concentration.

Full Scale Ranges - 50, 100 ppm.

Preclsion - + 0.1 ppm.

Minimum Sensitivity - 0.1 ppm.

Edwards AFB also has.a good support instrument avallable in the
following:

Monitor Labs 9300: Data Logger
This instrument Is a general purpose, mlcroprocessor controlled, data
logger. Analog inputs are attached to any of the 40 channels, where
the signal Is digitized and stored. The data flow Is programmed via
the fron- key board. Standard features include: English language
programmlng with alpha-numeric dlsplay, auto-ranging on Input
voltages, thermocouple printout, and alarm conditions. Optimal
tfeatures avallable are: alarm relay panel, external recording devlices,
speclal order converslion tables, and programmable alarms.

No. of Channels - 40

Channel Voltage Ranges - 10,000V, 3,000V, 300.,00mv, 30.000mv.
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Input Impedance - 100 Meg ohm

Channel Scan Rate -~ | sec. to 999 hrs,

Printer Scan Rate - 1 sec, to 999 hrs,

Optional External Recording Devices -

Teletype

Serial Terminals and Printers

Paper Tape Punches

Incremental Mag. Tape'h

Synchronous Mag. Tape with read after write data check
Alarms - Channel Overrange (exceeds full scale)

Thermocouple burned out (open channel)

In an effort to complete the required capablility, Instrument
manufacturers were confacfea. CSUN was able to acqulre Informatlion
concerning Instruments capable of measuring CO, concentrations, CH,_
concentrations and particulate concentrations (and size distribution),
The following Is a summary of this Instrumentation.

Mopitor Labs 3300/3400: Carbon Monoxide/Dioxide Meter
This Instrument utilizes a single beam Infrared source In conjunction
with a mechanlical chopper. The 3300 Is single component and 3400 dual
component,

Full Scale Range CO, - 400 ppm.

Full Scale Range Co - 1000 ppm.

Preclsion = +1%

Price 3300/3400 - $2,975/%4,500

Becxman Model 400: Hydrocarbon Analyzer
This meter was chosen because of Its sensitlvity to low Hydrocarbon

concentrations and its compatibllity with the Monitor Labs Data

n
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Logger. The Model 400 measures hydrocarbons utilizing flame
ilonization detection, The sample Is InjJected into a burning

hydrocarbon flame where the hydrocarbons become lonlzed. A voltage Is

applled between the burner Jet and a collectlon plate that results In
ion migration. The Induced current Is proportlonal to the hydrocarbon
concentration,

¥Full Scale Range - 1, 10, 100, 1000 ppm.

Preclslion - #1% of full scale

Output - 10mV, 100mV, 1V, 5V (selectable)

Price - $4,600

Recommended Accessorles:

Bart No, Deserliptlion Brice
639779 Alr Pump : $ 410
630157 Auto Fuel Shut-off $ 145

Sollnold for Shut-off $ 57

*WIth pure hydrogen fuel accessory

It Is possibie to obtaln more detalled measurements of
hydrocarbons by using a gas chromatograph. The chromatograph can
break down the different hydrocarbon component, but such an instrument
must be designed for the particuliar tests, and chromatographs are In
the $20,000 prlice range.

Various partlicle=-slzing instruments weée evaluated for measuring
particulate concentration and slze distribution, Those capable of
measuring particles of slize less than 10 mlicrometers with reasonable
accuracy and ease ot operation were selected. Those [nstruments found

to satlisfy these requlirements are presented below.
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Anderson Samplers Inc.; Low-Pressure Impactor

The Anderson LP| utlllzes the well-known lnertlial impactor principile
of the particles in the gas flow; the higher inertlia of the heavlier
phase can cause the particle trajectorles to differ from the gas flow
streamlines. By staging plates with nozzles of decreasing dlameter,
slze differentiation Is obtalned; as the gas veloclty lIncreases,
successively smaller particles wlil Impact on the dish beneath the
nozzle, The collected particles are fransported to the laboratory for
analysis.

The price of the complete system Is $4,875. The disadvantage Is
accuracy may be lost unless extreme care Is exercised In handling and
transporting the collected particles,

WW&MM

pc=2
The PC-2 is a 10 stage cascade Impactor wlith quartz crystal
microbalance mass monitors in each stage. It utlilzes the Inertilal
Impactor princlple as In the Anderson L.P.l., however, the PC-2
processes a |Ilst of speclal features which make It most attractive for
Its accuracy and ease of operatlon., The most prominent of Its
features Is the employment of highly sensitive piezo electric crystal
mass monltor In each stage which provides real time mass concentration
information. The adhesive coated surface of the crystals retaln the
samples for further evaluation,

Other features Include bullt-~In crystal saturation Indlicator and
bullt-In sample time stopwatch.

The estimated price for the complete system $15,000.
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CONCLUSION -

As Infrared radiation technology becomes more and more a part of
our defense capablilities, the need arises to be able to understand and
predict the effects of the earth's atmosphere on the transmisslion of
Infrared radiation, The need Is especlially great for the low altlitude
reglons of the earth's atmcsphere,

LOWTRAN offers one possible solution to this problem. However, as
LOWTRAN has evolved it has become a very complicated computer program,

Thus a new program, LARTAP, has been developed., LARTAP utlillizes the

large empirical data base from LOWTRAN, however, thls new program Is
geared speclfically towards low altltude radiation problems, thus the
resulting computer code Is much simpler than LOWTRAN.

The net result Is that LARTAP offers a good staiting polnt for the
development of any computer program to support a project that requlires
Information concerning low altltude radiatlion transmission,

One of the speclific goals of thils project was to attempt to make
LARTAP a tool that coulid be used In the fleld to provide analyslis
capabillity at a test site. This would require the conversion of the
program to a micro-computer, In order to accomplish this conversion,
the |arge empirical data base utlllzed by LARTAP would have to be
stored on peripheral equipment. Thus in the current version of LARTAP
this data base has been stored In disk flles to emulate such
peripheral equlpment,

A short coming of both LOWTRAN and LARTAP Is the neglect of

scattering into the line of slght of radiation from sources other than

the one of Interest. It 1s felt that thls could be quite signiflicant
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for the scafférlng of solar radlation., It is suggested that an effort
should be under taken to model this effect. The resuiting model could
easily be Incorporated Into LARTAP,

1t 1Is sugéesfed that the LARTAP program be tested. |If the program
should not agree with test data then detalled testing would have to be
performed to modlfy the data base of LARTAP.

Although the primary concern of thls project has been the modeling
of radliation transmission, CSUN has also conslidered the posslibility of
dlrect measurement of radiation transmission at a test site.

More dlirect techniques of measurling radlatlon transmlisslon can be
accomplished by usling a radfomefer. A wide range radliometer, such as
the Molectron PR200, (see table 2), is sensitive from the ultraviolet
to the far infrared ranges. By using Interchangeable filters, the
proper frequency range can be obtalned.

For example, the radiometer Is mounted on a GMD-2 Balloon Tracker
to track a radlation source that Is rising through the atmosphere on a
bal loon. The |ight source has to be stable and also flash on and off
so that changling background radlation can be meuasured.

The measurements from thls test could be combined with the theory

of sectlons | and Il of thls report utillizing a numerlcal filtering

technique., The result would be an accurate model of radlatlon
transmission at the test site,

In conclusion, a simple computer program, LARTAP, has been
developed, This program needs to be tested. The simpiicity of the
program makes |t e3isy to modify to sult users requirements, Should
detalled testing be required to Improve program accuracy, currently

avallable instrumentation has been evaluated. I+ has also been

15
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suggested that a technique Involving direct measurement of radiation
transmission and utlllzatlon of a numerical fllter may provide a more

accurate model of atmospheric radiatlion transmission at a test site.
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TABLE 2

Molectron PR2Q0 Pyroelectric Radlometer
Detector Type = Clrcular |ithlum tantalate pyroelectric crystal
Spectral Range ~ 0.2 to 20 um iSﬁ
0.2 to 40 um 5%
40 to 500 am uncalibrated
Ranges (Full Scale) - 2 uW, 20 «W, 200 «W, 2 mW, 20 mW, 200 mW/cm

System Response TIme - Full Scale Range Fast Response Slow Response

2 ul 10 sec, 100 sec.
20 uW 3 sec. 100 sec,
200 uw 2 sec, 100 sec.
2,220,200 mw 1 sec. 100 sec.

Absolute Maximum Irradiance - 50 Watts/cm

Price - $3,350

n.
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o000

37

a8

39

LOW ALTITUDE RADIATION TRANSMISSION ANALYSER PROGRAM
L.AR.T.A P.
MAIN DRIVER PROGRAM
COMMON /BLK1/ ZGR(20),P(20),T(20),RH(20), WH(20), WO(20),VIS(20)
COMMON /BLK2/ H1 » ANGLE » SMAX
COMMON /BLK3/ IHA(20). NPTS
COMMON /SPEC1/ C1ARR(2380), C2ARR(1575), C3ARR(340), CAARR(133)
COMMON /SPEC2/ C7ARR(280, 5), CBARR(102,2) ,CPARR(131)
DIMENSION W1(10), W2(¢(10), REL(20), WLAY(20,10), CVE(10), CVA(10)
DIMENSION EXTN(20, 10), ABSP(20,10), EMIS(20)
DIMENSION TEMP(20), TRANE(20), TRANA(20)
DIMENSION IHAZ(20)
OPEN QUTPUT FILES
OPEN(UNIT=6, FILE="WAVN’)
OPEN(UNIT=7, FILE='TRAS ')
OPEN(UNIT=8, FILE="RADA’)
READ SPECTRAL DATAFILES
OPEN(UNIT=31, FILE='CIFILE")
OPEN(UNIT=32, FILE='C2FILE’)
OPEN(UNIT=33, FILE='C3FILE’)
OPEN(UNIT=34, FILE='C4FILE"’)
OPEN(UNIT=37, FILE="C7FILE")
OPEN(UNIT=38, FILE='CBFILE’)
OPEN(UNIT=40, FILE='C9FILE")
H20 SPECTRAL DATA
DO 31 I=1, 2580
READ(31, #) C1ARR(I)
CONTINUE
UNIFORM GASES SPECTRAL DATA
DO 32 I=1,15795
READ(32, #) C2ARR(I)
CONTINUE
OZONE I.R. SPECTRAL DATA
DO 33 I=1, 340
READ(33, #) C3ARR(I)
CONTINUE
N2 SPECTRAL DATA
DO 34 I=1,133
READ(34, #) C4ARR(I)
CONTINUE
AEROSOL. SPECTRAL DATA
DO 37 I=1,280
READ(37, #) C7ARR(I., 1), C7ARR(I, 2), C7ARR(I, 3), C7ARR(I, 4),C7ARR(I, S)
CONTINUVE
OZONE U. V. SPECTRAL DATA
DO 38 I=1, 102
READ(38, #) CBARR(I, 1), CBARR(I, 2)
CONTINUE
H20 CONTINUUM (4 UM) SPECTRAL DATA
DO 39 I=1,131
READ(40, #) CFARR(I)
CONT INUE
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54
55
56
57
58
59
60
61
62
63
64
65
b6
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
a3
84
as
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

100

110

120

130

250

DATA INITIALIZE
CALL PROPUT
CALCULATE COMPONENT AMOUNT INTEGRALS
LY=0
S1=0. 000
.- CALCULATE COMPONENT AMOUNTS AT START OF PATH
CALL EQUABS(S1, IHAZE1, W1, REL1, TEM1)
INTEGRAL EVALUATION LOOP
LY=LY+1
S2=SMAX+1. OE-04
CHECK FOR HORIZONTAL PATH
IF (ANGLE .GT. 89.9 .AND. ANGLE .LT. 90.5) GJ TO 120
FIND CLOSEST DATA POINT - DEFAULT IS SMAX
DO 110 I=1,NPTS
DSMIN=S2-S1
TEST=((ZGR(I)—-H1)/COS(ANGLE%*3. 14159/180. 0))-51
IF (TEST .GT. 0.0001 . AND. TEST .LT. DSMIN) S2=TEST+S1
CONTINUE
CALCULATE COMPONENT AMOUNT INTEGRALS FOR LAYER LY
CALL EQUABS(S2, IHAZEZ, W2, REL2, TEM2)
DO 130 I=1,9
WLAY (LY, IN=(W2(I)+W1(I))*(S2~-51)/2. O
IF (Wi(I) .EQ. 0.000 .0OR. W2(I) .EG. 0.000) 60 TO 130
AUG=W2(1)/W1(I)
WLAY (LY, I)=W1(I)#(S2-51)
IF (AUG .6T. 0.99 .AND. AUG .LT. 1.01) 60 TO 130
WLAY (LY, IN=(W2(I)-W1(I))#(S2-S1) /ALDOGC (AUG)
CONTINUE
: CALCULATE AVERAGE RELATIVE HUMIDITY FOR LAYER LY
REL(LY)=(REL1+REL2)/2. O
DETERMINE AEROSOL TYPE FOR LAYER LY
IF (ANGLE .LE. 90.0) IHAZ(LY)=IHAZE1
IF (ANGLE .6T7. 90.0) IHAZ(LY)=IHAZEZ
STORE TEMPERATURE FOR EMISSION CALCULATION
TEMP (LY )=TEM1
INCREMENT DATA
S1=82
REL1=RELZ2
IHAZE1=IHAZE2
TEM1I=TEM2
DO 250 I=1,9
W1(I)=Wa(I)
CONTINUE
CHECK FOR END OF PATH
IF (52 .LT. SMAX) 60 TO 100
LYTOT=LY+1
STORE TEMPERATURE AT SMAX
TEMP(LYTOT)=TEM2
SPECTRAL LOOP
DO 400 1v=350, 40000, 10
PATH INDEPENDENT SPECTRAL COEFFICIENTS
CALL C1DTA(CVE(1), IV)
Cva(1)=CVE(1)
CALL C2DTA(CVE(2), IV)
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108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
1414
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

265

CVA(2)=CVE(2)
CALL C3DTA(CVE(3), IV)
CVA(3)=CVE(3)
CALL C4DTA(CVE(4), IV) -
CVA(4)=CVE(43) :
CALL CSDTA(CVE(3), IV)
CVA(5)=CVE(5)
CALL C4DTA(CVE(&), IV)
CVA(6)=0. 000
CALL ZEDTA(CVE(8), IV)
CVA(8)=CVE(8)
CALL C9DTA(CVE(F), IV)
CVA(9)=CVE(9)
ZEROD EXTINCTION AND ABSORPTION ARRAYS
DO 265 J=1,9
EXTN(LYTOT. J)=0. 000
ABSP (LYTOT, J)=0. 000
CONTINUE
CALCULATE TRANSMITTANCES FROM EACH LAYER TO OBSERVER
NOTE - WORK FROM OBSERVER BACK TO SOURCE
I=LYTOT
DO 300 K=1,LYTOT
CALCULATE TRANSMITTANCE AT WAVENUMBER IV (EXTINCTION)
H20 X
TRANE(I)=1. OO/EXP (0. 0689#EXTN(I, 1) #*0. 555)
UNIFORM GASES
TRANE (I)=TRANE(I)/EXP(0. 0689#EXTN(I, 2) #%0. 555)
0ZONE I.R.
TRANE (I)=TRANE(I)/EXP (0. 0643#EXTN(I, 3) #%0. 6&66)
N2 CONTINUUM
TRANE(I)=TRANE(I) /EXP(EXTN(I, 4))
H20 CONTINUUM (10 UM)
TRANE (I)=TRANE(I)/EXP(EXTN(I,5))
MOLECULAR SCATTERING
TRANE(I)=TRANE(I)/EXP(EXTN(I, &))
AEROSOL
TRANE (I)=TRANE(I)/EXP(EXTN(I, 7))
OZONE U. V.
TRANE(I)=TRANE(I)/EXP(EXTN(I, 8))
H20 CONTINUUM (4 UM)
TRANE(I)=TRANE (I)/EXP(EXTN(I, 9))
CALCULATE TRANSMITTANCE AT WAVENUMBER IV (ABSORPTION)
H20
TRANA(I)=1. 00/EXP (0. 0689+#ABSP (I, 1)#*0. 555)
UNIFORM GASES
TRANA(I)=TRANA(I)/EXP (0. 0689#ABSP (I, 2) #*0. 555)
OZONE I.R.
TRANA (I )=TRANA(I)/EXP (0. 0643#ABSP (1, 3) ##0. 6656)
N2 CONTINUUM
TRANA(I)=TRANA(I)/EXP(ABSP(I,4))
H20 CONTINUUM (10 UM)
TRANA(I)=TRANA(I)/EXP(ABSP (I, 5))
MOLECULAR SCATTERING
TRANA(I1)=TRANA(I)/EXP(ABSP (I, 6))




162 € AEROSOL

163 TRANA(I)Y=TRANA(I)/EXP(ABSP(I, 7))

164 c . OZONE V. V.

165 TRANA(I)=TRANA(I)/EXP(ABSP (I, 8))

1466 c . H20 CONTINUUM (4 UM)

167 TRANA(I)=TRANA(I)/EXP(ABSP(I, 9))

1468 I=I-1

169 IF (I .EQ. 0) 60 TO 325

170 c AEROSOL SPECTRAL COEFFICIENTS

171 CALL C7DTA(CVE(7),CVA(7), IV,REL(1), IHAZ(I))
172 Cc CALCULATE EXTINCTION-ABSORPTION COFFICIENTS
173 c FROM BEGINNING OF LAYER I TO OBSERVER
174 DO 275 J=1.9

175 EXTNC(I, J)=EXTN(I+1, J)+CVE(J)#WLAY (I, J)

176 ABSP (I, J)=ABSP (I+1, J)+CVA(J)#WLAY (I, J)

177 275 CONTINUE
178 300 CONTINUE

179 C CALCULATE EMISSION ALONG PATH
180 325 DO 350 I=1,LYTOT
181 EMIS(I)=PLAN(TEMP(I), IV)
182 35C CONTINUE
183 c CALCULATE RADIANCE FOR PATH
184 RADI=0. 000
185 D0 375 I=1,LY
186 DRAD=(EMIS(I+1)#TRANE(I+1)/TRANA(I+1))+(EMIS(I)#TRANE(I)/TRANA(I
187 RADI=RADI+DRAD#(TRANA(I+1)-TRANA(I))/2. 0 '
188 375 CONTINUE
189 c PRINT RESULTS
190 WRITE(&, 1000) IV
191 WRITE(7.,1000) TRANE(1)
192 WRITE(8, 1000) RADI
193 400 CONTINUE
194 1000 FORMAT(1PE12. 5)
195 STOP
196 END
83
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198
199
200
201
202
203
204
205
206
207
208
207
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

C

c

Ci## PROPUT 3836 3636 36 36 36 38 96 38 96 36 36 35 36 36 3 36 36 36 30 36 36 3 36 36 36 56 36 36 36 36 36 3 36 36 36 38 35 36 36 36 36 36 3 3636 336 36 36 38 36 30 36 3 3036 36 3¢ 3¢
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SUBROUTINE PROPUT
DATA PROCESSING AND INPUT ROUTINE
COMMON /BLK1/ ZGR(20),P(20), T(20),RH(20), WH(20), WO(20), VIS(20)
COMMON /BLK2/ H1 » ANGLE » SMAX
COMMON /BLK3/ IHA(20), NPTS
OPEN INPUT DATA FILE
OPENCUNIT=5, FILE='DATA’)
DEFIME CONSTANTS
RV=4. 61 50E-03
PROGRAM CONTROL DATA
READ\ 35, #) MODEL. GRASL. NPTS
READ(S, #) H1, SMAX, ANGLE
DO 100 I=1,NPTS
READ(S, #) ZGR(I),P(I), TC(I),RH(I),WO(I), VIS(I), IHA(I)
CONVERT TEMPERATURE TO ABSOLUTE
T(I)=T(I)+273. 15
CHECK AND SET DEFAULT DATA
IF (P(I) .LT. -500.0) CALL PRMOD(ZGR(I)+GRASL,MODEL.P(I))
IF (T(I) .LT. -=500.0) CaLL TEMOD(ZGR(I)+GRASL,MODEL, T(I))
IF (RH(I) .LT. -500.0) CALL WHMOD(ZGR(I)+GRASL, MODEL., WH(I))
IF (WO(I) .LT. -=500.0) CaLL WOMOD(ZGR(I)+GRASL, MODEL., WO(I))
DETERMINE WATER DENSITY
A=273. 15/T(1)
IF (RH(I) .LT. -=500.0) 60 TO 30
RHSAT=FCT(TA)
RHO=0. O1%RH(I)
DN=1. 0-(1. O~RHO) #RHSAT#RV*T (1) /P(1)
WH(I)=RHSAT#RHO/DN
G0 TQ 100
CALCULATE RELATIVE HUMIDITY
RHOSTR=P (1) /(RV#T(I1))
RH(I)=100. O%(WH(I)/FCT(TA))#{ (RHOSTR-FCT(TA))/ (RHOSTR-WH(I)))
CONTINUE
RETURN
END
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236 Ci#it PRMOD 463 38 38 3¢ 36 36 3¢ 38 36 48 36 35 38 36 36 3 36 36 46 3 36 46 36 35 36 36 35 36 3 35 36 3¢ 36 438 38 36 36 36 38 36 35 36 3¢ 38 36 3¢ 35 46 36 5 35 3¢ SE 44 3¢ 3¢

237 C

232 SUBROUTINE PRMOD(Z, M., P)
239 Cc PRESSURE MODEL DATA ROUTINE
240 DIMENSION ZD(6),PD(&, 6)
241 C ALTITUDE
242 DATA
243 # ZD(1) . ID(2) » ZD(3) » ID(4) s ID(D) ;» ZD (&)
244 # 0.0 » 1.0 » 2.0 » 3.0 » 4.0 » 9.0
245 C PRESSURE MODEL 1
246 DATA
247 # PD(1,1) , PD(1,2) ., PD(1,3) ., PD(1,4) , PD(1,5) ., PD(1.,6
248 # 1. O13E+03, 9. 040E+02, 8. O50E+02, 7. 150E+02, 6. 330E+02, 5. 590E
249 C PRESSURE MODEL 2
250 DATA
291 - # PD(2,1) , PD(2,2) ., PD(2,3) ., PD(2,4) ., PD(2.5) , PD(2,6
252 # 1. 013E+03, 9. 020E+02, 8. 020E+02, 7. 100E+02, 6.280E+02, 5. 540E
253 C PRESSURE MODEL 3
254 DATA
255 # PD(3,1) ., PD(3.2) ., PD(3,3) ., PD(3,4) ., PD(3,3) ., PD(3.6
256 # 1, 018E+03, 8. 973E+02, 7.897E+02, 6. 93BE+02, 6. 081E+C2, 5. 313E
257 Cc PRESSURE MODEL 4
258 DATA
259 # PD(4,1) , PD(4,2) ., PD(4,3) ., PD(4,4) ., PD(4,5) , PD(4,6
260 # 1. 010E+03, 8. 960E+02, 7. 929E+02, 7. 000E+02, 6. 160E+02, 5. 410E
261 C PRESSURE MODEL 5
262 DATA
263 # PD(5,1) ., PD(S5,2) ., PD(5,3) , PD(53.4) ., PD(5,5) ., PD(35,6)
264 #* 1. 013E+03, 8.878E+02, 7.775E+02, 6.798E+02, 5. 932E+02, 5. 158E
265 c PRESSURE MODEL &
266 DATA .
267 # PD(b6,1) , PD(6,2) ., PD(6,3) , PD(6,4) , PD(6,35) , PD(6,6)
268 # 1. 013E+03, 8. 986E+02, 7. 9S0E+02, 7.012E+02, &. 1646E+02., 5. 405EH
269 c SEMI-LOG INTERPOLATION
270 DO 10 I=2,6
271 L=I
272 IF ¢(Z .LT. ZD(L)) 6O TO 12
273 10 CONTINUE
274 12 FAC=(Z-ZD(L-1))/7(ZD(L)-ZD(L—-1))
2795 P=PD(M, L-1)#(PD(M, L) /PD(M, L=1) ) ##FAC
276 c RETURN
277 RETURN
278 END
|
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- 281 C
. 282 SUBROUTINE TEMOD(Z, M. T)
283 c TEMPERATURE MODEL DATA ROUTINE
m 284 DIMENSION ZD(6), TE(&: 6) -
- 285 C ALTITUDE
- 286 DATA
bﬂ 287 # ZD(1) + ZID(2) s IDC3) » ZD(4) » TDCS) s ID(6) /]
‘::' 288 # 0.0 » 1.0 y 2.0 s 3.0 ; 4.0 y 5.0 /
- 289 ¢ TEMPERATURE MODEL 1
290 DATA
291 # TE(1,1) , TE(1,2) ., TE(1,3) ., TE(1,4) ., TE(1.3) ., TE(1l.,6) /
292 # 3. O00E+02, 2. 940E+02, 2. 8B0E+02, 2. 840E+02, 2. 770E+02, 2. 700E+02/
293 c TEMPERATURE MODEL 2
294 DATA , i '
295 # TE(2,1) , TE(2,2) ., TE(2:,3) ., TE(2,4) , TE(2,5) ., TE(2,6) /
agé # 2. 940E+02, 2. 900E+02, 2. 850E+02, 2. 790E+02, 2. 730E+02, 2. 470E+02/
aq7 c TEMPERATURE MODEL 3
298 DATA .
299 # TE(3,1) , TE(3.,2) ., TE(3 3 ., TE(3.4) , TE(3 S5 ., TEWS.6) /
300 * 2. 722E+02, 2. 687E+02, 2. 652E+02, 2. 617E+02, 2. 557E+02, 2. 497E+02/
301 C TEMPERATURE MODEL 4
302 DATA
303 # TEC4,1) , TE(4,2) ., TE(4,3) ., TE(4,4) , TE(4,5) , TE(4.6) /
304 # 2. 870E+02, 2. 820E+02, 2. 760E+02, 2. 710E+02, 2. 660E+02, 2. 600E+02/
305 c TEMPERATURE MODEL S
306 DATA
307 # TE(S5,1) , TE(S5,2) , TE(S5,3) ., TE(5,4) , TE(5,5) ., TE(3.,6) /
308 # 2. 570E+02, 2. S90E+02, 2. 539E+02, 2. 527E+02, 2. 477E+02, 2. 409E+02/
309 c TEMPERATURE MODEL 6 '
310 DATA
311 ®# TECSH, 1) , TE(6,2) , TE(6,3) ., TE(6,4) , TE(6.,3) . TE(6,6) /
312 # 2. B81E+02, 2. B146E+02, 2. 751E+02, 2. 687E+02, 2. 622E+02, 2. 557E+02/
313 c SEMI~-LOG INTERPOLATION
314 DO 10 I=2,6
315 L=I
316 IF (Z _LT. ZD(L)) 60 TO 12
317 10 CONTINUE
318 i2 FAC=(Z-ZID(L.—-1))/<(ZD(L)~ZD(L-1))
319 T=TE(M, L-1)#(TE(M, L) /TE(M, L=1) ) ##FAC
320 c RETURN
321 RETURN
322 END
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3249 C3tdt WHMOD 3 35 3 36 3 36 36 35 36 46 36 3 3 36 36 3636 36 36 36 30 36 36 38 25 36 36 36 3¢ 35 38 36 36 36 3 36 36 38 3 36 36 3 36 36 38 36 36 38 36 4 36 36 36 6 36 46 S
325 Cc
326 SUBROUTINE WHMOD(Z, M, WH)
327 Cc WATER DENSITY MGDEL DATA ROUTINE
328 DIMENSION ZD(6), WHD(6, &)
329 C ALTITUDE ’
330 DATA
331 # ZD (1) » ID (2) + ZD (3) » ZD (4) s ZD (5) » ID <6} /
332 # 0.0 + 1.0 + 2.0 » 3.0 » 4.0 ) 9.0 /
333 C WATER DENSITY MODEL 1
334 DATA
335 # WHD(1,1) , WHD(1,2) , WHD(1,3) , WHD(1,4) , WHD(1,5) , WHD(1,&6) /
336 # 1. 900E+01, 1. 300E+01, 9. 300E+00, 4. 700E+00, 2. 200E+00, 1. SO0E+Q0O/
337 ¢ WATER DENSITY MODEL 2 ’ ’
338 DATA
339 # WHD(2,1) , WHD(2,2) » WHD(2,3) , WHD(2.4) , WHD(2,5) , WHD(2,6)
340 #* 1. 400E+01, 9. 300E+00., 5. 900E+00, 3. 300E+00, 1. 900E+00, 1. OOOE+00
341 C WATER DENSITY MODEL 3
342 DATA
343 * WHD(3,1) , WHD(3,2) , WHD(3,3) , WHD(3,4) , WHD(3,5) , WHD(3,6)
344 # 3. SO0E+00, 2. SO0E+00, 1. 800E+Q0, 1. 200E+00, 4. 600E-01, 3. B00E-01
345 .C WATER DENSITY MODEL 4
346 DATA
347 # WHD(4,1) , WHD(4,2) , WHD(4,3) , WHD(4,4) , WHD(4,5) , WHD{(4,6)
348 # 9. 100E+00, 6. O00E+00, 4. 200E+00, 2. 700E+00, 1. 700E+00., 1. O00E+QO
349 Cc WATER DENSITY MODEL 5
350 ' DATA
351 #* WHD(S,1) ,» WHD(S5,2) ,» WHD(S,3) , WHD(S5,4) , WHD(S5,5) , WHD(S,6) /
352 # 1. 200E+00, 1. 200E+00, 9. 400E-01, 6. 800E-01, 4. 100E-01, 2. 000E-01/
353 C WATER DENSITY MODEL 6
354 DATA
355 # WHD(6, 1) » WHD(&6,2) 4, WHD(A,3) ,» WHD(6,4) » WHD(6,5) » WHD(6, 6) /
356 # 5 900E+00, 4. 200E+00, 2. 900E+00, 1. B00E+00. 1. 100E+00, 6. 400E-01/
357 Cc SEMI-LOG INTERPOLATION
358 DO 10 I=2,6
359 =1
360 IF (Z .LT. ZD(L)) 60 TO 12
361 10 CONTINUE
362 12 FAC=(Z-ZD(L—-1))/(ZD(L)-ZD(L—-1))
363 WH=WHD(M, L—-1)#(WHD(M, L.) /WHD (M, L—1) ) ##FAC
364 C RETURN
365 RETURN
366 END
[
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368 C** NDMDD ***************************************************&********ﬂ
369 C

370 SUBROUTINE WOMOD(Z.M, W0D)

371 c OZONE DENSITY MODEL DATA ROUTINE

372 DIMENSION ZD(6), WOD(6&, &)

373 C ALTITUDE

374 DATA

375 * ZD (1) , ID (@) » ZD () , ID (&) ,» ZID (5) , ID (&)
376 # 0.0 ., 1.0 » 2.0 ,» 3.0 , 4.0 » 5.0

377 ¢ OZONE DENSITY MODEL 1

378 DATA

379 -~ # WOD(1,1) , WOD(1,2) , WOD(1,3) , WOD(1,4) , WOD(1,5) , WOD(1,6)
380 # 5. bOOE-05, 5. &400E-05, 5. 400E-05, 5. 100E-05, 4. 700E-05, 4. SO0E-0
381 C OZONE DENSITY MODEL 2

a3g2 DATA

383 # WOD(2,1) , WOD(2,2) , WOD(2,3) , WOD(2,4) , WOD(2,5) , WOD(2,6)
384 # &. O00E-05, &. 000E-0S5, 6&. O00E~-05, &. 200E-05, &. 400E-05, 6. 600E-0
385 c OZONE DENSITY MODEL 3

386 DATA

387 # WOD(3,1) , WOD(3,2) , WOD(3,3) , WOD(3,4) , WOD(3,5) , WOD(3, &)
388 # 6. O0O0E-05, 5. 400E-05, 4. 900E-05, 4. 900E-05, 4. 900E-05, 5. 800E-O
389 C OZONE DENSITY MODEL 4

390 DATA

391 # WOD(4,1) , WOD(4,2) , WOD(4,3) , WOD(4,4) , WOD(4,5) , WOD(4,6)
392 # 4. 900E-05, S. 400E-035, 5. 60OE-0S5, S.B00E-05, 6. 000E-05, 6. 400E-0
393 ¢ OZONE DENSITY MODEL 5

394 DATA

395 # WOD(S5,1) , WOD(S,2) , WOD(S,3) ., WOD(S,4) , WOD(5,5) , WOD(S,6)
396 # 4. 100E-05, 4. 100E-05, 4. 100E-05. 4. 300E-0S5, 4. 500E-05, 4. 700E-0
397 ¢ OZGNE DENSITY MODEL 6

398 DATA

399 # WOD(&,1) , WOD(&,2) , WOD(&,3) , WOD(6,4) , WOD(&,5) , WOD(6, 6)
400 # 5. 400E-05, 5. 400E-05, 5. 400E-03, 5. 000E-05, 4. 600E-05, 4. 600E-0
401 c SEMI-LOG INTERPOLATION

402 DO 10 1=2,6

403 L=1

404 IF (Z .LT. ZD(L)) GO TO 12

405 10  CONTINUE

406 12  FAC=(Z-ZD(L-1))/¢(ZD(L)=ZD(L~1))

407 WO=WOD (M, L—1)#(WOD(M, L) /WOD(M, L—1) ) ##FAC

308 C RETURN

409 RETURN

410 END
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411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
342
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464

Cc
C#3t EQUABS 365 3 3636 3 36 36 36 36 38 36 36 36 36 36 36 36 3 36 36 36 36 36 45 38 36 335 46 36 36 3 36 38 3 46 36 3 36 35 36 3 38 36 38 3¢ 36 48 36 46 36 3¢ 30 46 3¢ 3¢ 6 3¢
C
SUBROUTINE EQUABS(S, IHAZE., W, RHZ, TZ)
C CALCULATES COMPONENT AMOUNTS
COMMON /BLK1/ ZGR(20),P(20), T(20),RH(20), WH(20), WO(20),VIS(20)
CQMMDN /BLK2/ H1 » ANGLE ; SMAX
COMMON /BLK3/ IHA(20), NPTS
DIMENSION W(10), VSB(9)

C DETERMINE ALTITUDE
Z=H1+S#COS(ANGLE#*3. 14159/180. 0)

c DETERMINE DATA ARRAY LOCATION
DO 100 I=2,NPTS
L=1I

IF (Z .LT. ZGR(L)) 60 TO 110
100 CONTINUE

C DETERMINE FACTOR
110 FAC=(Z-ZGR(L-1))/(ZGR(L)-ZGR(L-1))

c PRESSURE AT Z
PZ=P(L-1)#(P(L)/P{(L-1))##FAC

C TEMPERATURE AT Z
TZ=T(L-1)#(T(L)/T(L-1))##FAC

C WATER DENSITY AT Z
WHZ=WH(L~1) # (WH (L) /WH(L-1) ) ##FAC

C OZONE DENSITY AT Z
WOZ=WO(L-1)#(WO(L)/WO(L-1))##FAC

C RELATIVE HUMIDITY
RHZ=RH(L-1)#(RH(L)/RH(L-1) ) ##FAC

c SET AERGSOL

IHAZE=IHA(L-1)
VISZ=VIS(L-1)
c EQUIVALENT AEROSOL AMOUNT
W(7)=0. 0000
IF (IHAZE .EQ. 0) 60 TO 150

DATA
# VSB(1),VSB(2),VSB(3),VSB(4),V8B(5),VSB(6),VEB(7),VSB(8),VSB(9)/
# 23.0 , 5.0 ,23.0 , 5.0 , 5.0 ,50.0 ,23.0 , 0.2 , 0.5 /

IF (VISZ .LT. -=500.0) VISZ=VSB(IHAZE)
W(7)=3. 912023/VISZ

150 PA=PZ/1013.0
TA=273. 15/TZ

C SET EQUIVALENT AMOUNTS
D=0. 1#WHZ
X=PA%*TA
PT=PA#SQRT(TA)

C EQUIVALENT H20 AMOUNT
W(1)=D#PT#%#0. 9

c EQUIVALENT C0O2 N20 AND ETC. AMOUNT
W(2)=X*PTx*#0. 73

C EQUIVALENT N2 AMOUNT

W(4)=0. B#PT#X

PPW=4. S560E-05#D+*TZ
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465
4466
467
468
469
470
471
472
473
474
475
476
477

TS1=296. 0/TZ

EQUIVALENT H20 CONTINUUM AMOUNT (10 UM)
W(3)=D*PPW*EXP (6. 08#(TS1-1. 0) )+0. 002#D#* (PA-PPW)

EQUIVALENT H20 CONTINUUM AMOUNT (4 UM)
W(P)=D# (PPW+0. 12# (PA-PPW) }#EXP (4. 56%(TS1-1.0))

EQUIVALENT MOLECULAR SCATTERING AMOUNT
W(b)=X

. EQUIVALENT OZONE AMOUNT (U.V. REGION)

W(B)=46. 66467%W0Z

EGUIVALENT OZONE AMOUNT (I.R. REGION)
W(3)=W(8)#PT#%0. 4
RETURN
END
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478 (o
479 CH3t FCT #3003 e S 33 BHEF R R EF R HFE TR TR 2]
480 C
481 FUNCTION FCT(A)
. 482 c FUNCTION

o 483 FCT=A#EXP (18. 9766—-14. 9595#A—-2. 43882i#A#A)

A 484 RETURN

o 485 END
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486 c

487 Cote PLAN S350 503000 3 300 8 33 30303 30 30 30 3030 30 F0 3030 30 9636 30 036 36 36 36 1630 30 J6 3030 30 0030 30 30 36 30 06 26 36 3 5 3 3030 S 38 0 R 3626
488 C

489 . FUNCTION PLAN(T, IV)

490 C : PLANCK BLACKBODY FUNCTION

491 XLAM=1 OE+04/1V

492 C1=0. 59544E+08

493 €2=14388. 000

494 AUG=C2/ (XLAM=®T)

495 PLAN=2 0#C1/ ((XLAM##3)*(EXP(AUG)-1. 0))
494 RETURN

497 END
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T 498 c
- 499 C#3t CLDTA 933033301 1635136 36636 363000 363630 36 363 0635 36 6 36 36 16 36 3636 3640 36360 36 36 46 46 36 3. 96 06 03636 30 9036 24
T 500 c

- 501 SUBROUTINE C1DTA(C1, IV)
‘ 502 C DETERMINE WATER VAPOR SPECTRAL COEFFICIENT
- 503 COMMON /SPEC1/ C1ARR(2580), C2ARR(1575), C3ARR(540), C4ARR(133)
o 504 COMMON /SPEC2/ C7ARR(280,5), CBARR(102,2) ,C9ARR(131)
[~ 505 I=0 '
A 506 C1=0. 000
507 IF (IV .GE. 3%0 .AND. IV .LE. 9195) I=(IV-350)/5+1
508 IF (IV .GE. 9873 .AND. IV .LE. 12795) I=(IV-9875)/5+1771
A 509 IF (IV .GE. 13400 .AND. IV .LE. 14520) I=(IV-13400)/5+2356
. 510 IF (I .EG. 0) RETURN
Ky 511 C1=10. 000#*C1ARR(I)
3 512 RETURN ,
= 513 END . . i
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316
517

518
519
320
921

S22
323
324
525
926
527
528
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c

C#it CIDTA 1960050335390 1033906 3 30 A3 96 5698 3 3030 336 U5 2696 38 30 3638 46 3 36 36 38 38 96 36 36 3 96 3 96 36 96 3¢ 3496 96 296 96 96 3 44

C

c

SUBROUTINE C2DTA(C2, IV)

DETERMINE UNIFORM MIXED QGASES SPECTRAL COEFFICIENT
COMMON /SPEC1/ C1ARR(Q580), C2ARR(1373), C3ARR(340), C4ARR(133)
COMMON /SPEC2/ C7ARR(280,93), CBARR(102,2) ,C9ARR(131) ‘
I=0
Ca2=0. 000
IF (IV .GE. 500 .AND. IV .LE. 8070) I=(IV-300)/5+1 .
IF (IV .GE. 12930 .AND. IV .LE. 13249) I=(IV-12930)/5+1516 °
IF (1 .EQ. 0) RETURN :
C2=10. O##CARR(I)
RETURN
END
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c

c

c

C#% C3DTA **l'*************************************************ﬁ*l*****.*J

SUBROUTINE C3DTA(C3, IV)
" OZONE I. R. SPECTRAL COEFFICIENT
COMMON /SPEC1/ C1ARR(23580), CRARR(1575), C3ARR(540), CAARR(133)
COMMON /SPEC2/ C7ARR(280,35), CBARR(102,2) ,CPARR(131)
I=0
C3=0. 000
IF (1IV .GE. 573 .AND. IV .LE. 3270) I=(IV-575)/5+1
IF (I .EQ. O0) RETURN
C3=10. 000##C3ARR(1I)
RETURN
END

........



C
b
Ky %43 C
: 544 Ciit CADTA SR I W 3835 A1 A5 1030 30350 36U 080800 30060646 36 36 36 96 34 94 96 % *#****Q*****ﬂ
" %45 ¢ .
3 546 SUBROUTINE C4DTA(C4, IV)
- 547 C NITROGEN CONTINUUM SPECTRAL COEFFICIENT
948. COMMON /SPEC1/ C1ARR(2380), C2ARR(157%3), C3ARR(540), C4ARR(133)
s 549 COMMON /SPEC2/ C7ARR(280,3), CBARR(102,2) ,C9ARR(131)
! $30 I=0
R 351 C4=0. 000
; 352 IF ¢(IV .GE. 2080 .AND. IV .LE. 2740) I=(IV-2080)/5+1
: 933 IF (I .KQ. 0) RETURN ;
554 C4=C4ARR(I)
x| 3355 RETURN
2 336 END
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557
5958
559
960
561
562
563
564
563
366
567

: 568

Cc
CHI CODTA S IEI I I III I J A TEII I T JIE 010 30630 0000 063696 366496 96 96 368 69096 9
c .
SUBROUTINE C3SDTA(CS, IV)
Cc WATER VAPER CONTINUUM (10UM) SPECTRAL COEFFICIENT
C3=0. 0000
IF (IV .GE. 670 .AND. IV .LE. 1350) G0 TO 50
RETURN .
50 V=iV
C3=4. 18+3578. O#EXP(~7. B7E~03%V)
RETURN
END
[))
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i 569 C

,:': 370 Cw# COHDTA *“'*****Q“*'*‘“***’***********i************************4

A 571 C '

e . 572 SUBROUTINE C&DTA(C6, IV)

. 573 € MOLECULAR SCATTERING SPECTRAL COEFFICIENT
s74 . Cé=0. 000 )

=~ 573 IF (IV .GE. 4000) QO TO 50

X 576 RETURN

I 577 50 V=Iv

¥ 578 CoH=V#4/(F. 26TPFE+16-1. 07123E+0T#V##2)

3. 579 RETURN
580 END
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Cait C7DTA 133090590 16 3 36363 333 333 3636 336 36 3¢ 36 36 3 36 I I 36 36 5696 3 33 33696 I 96 35 26 96 3 36 3¢ 3 36 36 3 36 9696 2 36 3 I
(o4
SUBROUTINE C7DTA(C7E., C7A, 1V, RH, IHAZE).
C DETERMINE AEROSOL SPECTRAL COEFFICIENT
COMMON /SPEC1/ C1ARR(2580), C2ARR(1573), C3ARR(340), C4ARR(133)
COMMON /SPEC2/ C7ARR(280, 9), CB8ARR(102,2) ,CPARR(131)
DIMENSION RHZONE(4)

DATA
# RHZONE(1), RHZONE(2), RHZONE(3). RHZONE(4)/
* 0. 000, 70. 000, 80. 000, - 99. 000/
c CHECKR FOR NO AEROSOL
C7A=0. 000
C7E=0. 000
IF (IHAZE .EQ. 0) RETURN
C DETERMINE DEPENDENT VARIABLES
V=IV
Y=1., OE+04/V
X=100. O~RH
C CHECK FOR FOGS
IF (IHAZE .EQ. B .0OR. IHAZE .EQ. 9) 60 TO 1000
C DETERMINE DATAFILE COLUMN
DO 100 K=2, 4
J=K

IF (RH .LT. RHZONE(J)) 60 TO 1io0
100 CONTINUE
110 X1=100. O~RHZONE(J-1)

X2=100. O-RHZONE(J)

c ALLOW FOR WAVELENGTH IN FIRST COLUMN
J=J+1

c DETERMINE EXTINCTION COEFFICIENT

C DETERMINE TYPE OF AEROSOL

IF (IHAZE .EQ. 1 .0OR. IHAZE .EQ. 2) ISTRT=2
IF (IHAZE .EQ. 3 .0R. IHAZE .EQ. 4) ISTRT=162
IF (IHAZE .EQ. 95) ISTRT=82

IEND=ISTRT+38

c SET UP WAVELENGTH INTERPOLATION
DO 200 K=ISTRT., IEND
I=K

IF (v .LT. C7ARR(I,1)) @O TO 210
200 CONTINUE

9 LLOG ON RH AND LINEAR ON WAVELENGTH

210 Yi=C7ARR(I-1,1)
Y2=C7ARR(I, 1)
ZA1=C7ARR(I-1, J~1)
ZAR=C7ARR(I-1,J)
ZB1=C7ARR(I1, J-1)
ZB2=C7ARR(I, J)
FACA=ALOG(ZARQ/ZAL1)/7ALOG(X2/X1)
FACB=ALOG(ZB2/ZB1)/ALOG(X2/X1)
ZA=ZAL1#(X/X1)#RFACA
ZB=ZB1#(X/X1)#8FACB
FAC=(Y=Y1)/(Y2-Y1)
C7E=FAC#(ZB~2A)+ZA
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DETERMINE ABSORPTION COEFFICIENT
I=1+40 ’

LOG ON RH AND LINEAR ON WAVELENGTH
Y1=C7ARR(I-1, 1)
Y2=C7ARR(I, 1)
ZA1=C7ARR(I-1, J-1)
ZA2=C7ARR(1-1, J)
ZB1=C7ARR(1, J-1)
ZB2=C7ARR (I, J)
FACA=ALOG(ZA272ZA1) /7ALBB (X2/X1)
FACB=ALOG(ZB2/ZB1)/ALOS(X2/X1)
ZA=ZA1#UIX/X1) #aFACA
ZB=ZB1#{X/X1)##FACB
FAC=(Y-Y1)/(YR=-Y1)
C7A=FAC#(ZB-ZA)+ZA
RETURN

FOGS )

DETERMINE EXTINCTION COEFFICIENT
IF (1HAZE .EG. B) J=2
IF (IHAZE .EG. 9) J=4
ISTRT=242
IEND=ISTRT+38
DO 1100 K=1STRT. IEND
I=K ,
IF (Y .LT. C7ARR(1.1)) GO TO 1110
CONTINUE
Y1=C7ARR(I-1, 1)
Y2=C7ARR(1I, 1)
Z1=C7ARR(I-1,J)
Z2=C7ARR(I, J)
FAC=(Y=Y1)/(Y2~Y1)
C7E=FAC#(Z2-21)+121

DETERMINE ABSORPTION COEFFICIENT
IF (IHAZE .EQ. 8) JU=3 '
IF (IHAZE .EQ. 9) J=3
Y1=C7ARR(1-1,1)
Y2=C7ARR(1, 1)
Z1=C7ARR(I-1,J)
Z2=C7ARR(1, J)
FAC=(Y-Y1)/(Y2-Y{)
C7A=FAC#(Z2-21)+21
RETURN
END
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SUBROUTINE CBDTA(CS, IV)

C OZONE U. V. SPECTRAL CCI™°
COMMON /SPEC1/ C1ARR(2580),C2.=~
COMMON /SPEC2/ C7ARR(280, 5), CI.

€8=0. 000
IF (IV .GE. 13000 .AND. IV .LE
IF (IV .GE. 27500 .AND. IV .LE.
RETURN
c 13000 CM~1 TO 24000 Ch-!
100 V=1V
DO 120 1=2, 56
N=1
IF (V .LT. CBARR(N, 1)) €0 TO 13"
120 CONTINUE
N=56
130 FAC=(CBARR(N-1,2)=C8ARR(N, 2))/
CB=FAC#* (V=CBARR(N=1, 1) ) +CBARR ('
RETURN .
c 27300 CM-1 TO 50000 CM-1
200 v=1v
DO 220 I=38,102
N=1I
IF (V .LT. CBARR(N,1)) GO TO =G
220 CONTINUE
N=102
230 FAC=(CBARR(N-1, 2)-C8ARR(N, 2)) ., (1
CB=FAC# (V-CBARR(N=1, 1) ) +CBARR (i
" RETURN
END

J . -TR{N—-1, 1)-CBARR(N, 1))

CT TRIN-1,1)-CBARR(N, 1))

LR AL A A S T M R . 4

RSP

< arod S 3R 2 S0P 5 U b A0 B N % **fi********ii

TINT
.I73), C3ARR(340), C4ARR(133)
102, 2) ,C9ARR(131)

. I30) GO TO 100
1TI00) 60 TO 200
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710 C
711 Cun CO9DTA **&r*&*ﬂm***m«-*********M****“*****w***“******i*«-*****
712 C
13 SUBROUTINE C9DTA(CY, IV)
714 Cc WATER VAPOR CONTINUUM (4UM) SPECTRAL COEFFICIENT
713 COMMON /SPEC1/ C1ARR(R380), C2ARR(15793), C3ARR(540), C4ARR(133)
716 COMMON /SPEC2/ C7ARR(280,9), CBARR(102.2) ,CPARR(131)
717 I=0
718 C9=0. 000
719 IF (IV .GE. 2830 .AND. 1V .LE. 3000) I=(IVv-2330)/5+1
720 IF (I .EQ. 0) RETURN
721 C9=CIARR(I)
722 RETURN
723 END
162
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