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calculations of extinction and backscatter coefficients based on 156
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relation suggests that visible or near-infrared extinction coefficients in a
cloud of unknown type could be inferred from lidar backscatter measurements
alone, at least near the cloud boundary where the contribution of multiply
scattered photons to the lidar return signal can be neglected. No similar
size-distribution-independent relation between backscatter coeffizient and
liquid water content of cloud is found, suggesting that cloud liquid water
content cannot be inferred solely from lidar backscatter measurements. <=
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= 1. INTRODUCTION

Despite considerable effort toward the application of the lidar technique to
remote measurement of clouds,!™® no one seems to have looked for (or at least
. to have found) a unique relation between cloud backscatter and extinction
b coefficients. If such a relation exists, it would increase the value of 1idar
: ‘ measurements, since the cioud extinction coefficient (and, interestingly, also :
the total droplet surface area) could be inferred from the backscatter signal. ;

i b Y e 2 | 1 e,

We will show that for ruby (x = 0.694um) and Nd-YAG (A = 1,06um) laser

wavelengths a relation exists between the cloud extinction coefficient o, i

(km™!) and the backscatter coefficient o, (km™'sr™!), independent of the form i

of the cloud drop-size distribution. We will show, however, that cloud liquid

water content for clouds of unknown drop-size distribution cannot be inferred
3 from visible, infrared, or near-millimeter (elastic) backscatter measurements
: alone.

v 2 o e Y st e

- R, T. H. Collis, 1965, "Lidar Observations of Cloud," Science, 149:978-981

ty, E. Derr, N. ). Abshire, R. E. Cupp, and G. T. McNice, 1965,
"Depolarization of Lidar Returns from Virga and Source Cloud," J Appl
Meteorol, 15:1200-1203

t
:
k
'
i

a3t e s Mimdrg it

, ’G. N. Plass and G. W. Kattawar, 1971, "Reflection of Light Pulses from 4
Clouds," Appl Opt, 10:2304-2310 :

*C. M. R. Platt, 1973, "Lidar and Radiometric Observation of Cirrus Clouds," J
Atmos Sci, 30:1191-1204

L gy e 1 Ty e
-

SR. M. Schotland, K. Sassen, and R. Stone, 1971, "O.servation by Lidar of }
Linear Depolarization Ratios for Hydrometeors," J Appl Meteorol, 10:1011-1017

‘Y. E. Zuev and Yu. S. Balin, 1972, "Investigation of .imospheric Boundary
Layers and Clouds by the Laser Tracking Method," Fizika, 15:125-128

TSI T
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Finally, we will show that previously derived relations between infrared (
11um) extinction and 1iquid water content in fog and between infrared (i

E : 3.8um) absorption and liquid water content in fog’ * can also be applied to
most clouds.

2. BACKSCATTER AND EXTINCTION IN CLOUD

The volume extinction and hackscatter coefficients % and % of a

polydispersion of spherical c¢loud droplets characterized by a cize
distribution n{r) and refractive index m are given by

el et L

Ty T w—'l' e e L gt o) T

ae =f“r.Qe(m,x)n(?‘)dY‘ [y (1)

st i e T ks i by 2k s ol st

 * %.;/:,rle(m,x)n(r)dr , (2)

where Qe(m,x) is the Mie efficiency factor for extinction for a particle with

refractive index m and size parameter x = 2«r/)x, and G(m,x) is the backscatter ‘
i gain defined as 4» times the ratio of the difverential backscatter cross ]

section to the geometric area.
S To find a relation between the extinction and backscatter coefficients o, and
| o, that holds for all cloud types independent of drop size, we have to resort
co to approximate expressions for the Mie efficiencies Q, and G in equations (1)
: and (2). Since extinction in cloud is dominated by droplets with
;# radii 2um < r < 85um (corresponding to size parameters 12< x <500 at a
‘ wavelength 2 = 1.,06um), the extinction efficiency in equation (1) can
justifiably be approximated by Qe = 2. However, because of the complicated
functional behavior of the backscatter gain G(x) for large x, we might think

that no simple approximation could be used for it in equation (2).

Petr Chylek ,1978, "Extinction and Liquid Water Content of Fogs and Clouds,"
' Atmos Sci, 35:296-300

] 'R. G. Pinnick, S. G. Jennings, Petr Chi]ek, and H. J. Auvermann, 1979,
"Verification of a Linear Relation Between IR Extinction, Absorption and
Liquid Water Content of Fogs," J Atmos Sci, 36:1577-1586
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Nevertheless, let us examine the form of the Mie backscatter gain G(x) for
water droplets over a range of size parameters representative of atmospheric
cloud droplets (we must of course restrict our attention to warm clouds
containing no irregular ice particles). Calculations of G{(x) for 0 < x < 500
in figure 1 show the familiar oscillating behavic: with several distinct
resonance periods. To show more detail in the backscatter gain, we made
additicnal calculations with increased size resolution sx = 0.01 from x = 300
to x = 325 (figure 2). The resonances with periods ax = 0.41, 03.83, 14
predicted by Nussenzveig?® (using complex angular momentum theory) and found by
Shipley and Weinman'!® are now readily apparent.

Since our interest here is in lidar backscattering from a polydispersion ot
many cloud droplets of different sizes (rather than backscattering from single
dropiets), we are motivated to investigate some averaging scheme for the
backscatter gain. A realistic size distribution of cloud droplets has a
fairly uniform distribution of droplets throughout small ranges of drop size,
so (following Shipley and Weinman!®) let us calculate a running mean of the
backscatter gain over intervals of a resonance period evident in figure 2, ax
= 0.83. This running mean (figure 3) shows that to first order the averaged
backscatter gain oscillates about some nearly constant value with a period of

oscillation ax = 14. If cloud droplet distributions are assumed to be
somewhat uniform over intervals ax = 14 (corresponding to Ar = 2.4um at » =

1.06um), the exact Mie values G(x) can be averaged over these intervals.
These averaged values G(x) over ax = 14 for the entire range of size
parameters realistic for cioud are shown in T{igure 4. The averaged

values G(x) are slowly varying (except for small drops with size parameters
less than 14, which are unimportani), and thus we can replace G[m(x),x] in
equation (2) by a constant value g{i) that is independent of size parameter
and depends only on the radiation wavelength A. Note that in doing so we
constrain the cloud to have a fairly uniform distribution of droplets over

intervals ar = 2.4um.  (Actually this constraint can be loosened to require
uniformity over intervals ar = 1.2um if we can choose the intervals to be over

~

ha]f-iyc1es of the ax = 14 oscillation in the running mean of the backscatter
gain.
The use of these approximations for the Mie extinction efficiency (Qe = 2) and

backscatter gain [G = g(ax)] in equations (1) and (2), leads to the cloud
extinction coefficient being linearly related to the backscatter coefficient

'H. M. Nussenzveig, 1969, "High-Frequency Scattering by a Transparent Sphere,
I1. Theory of the Rainbow and Glory," J Math Phys, 106:125-176

1S, T. Shipley and J. A. Weinman, 1978, "A Numerical Study of Scattering by
Large Dielectric Spheres," J Opt Soc Am, 68:130-134
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Running mean of the backscatter gain near size parameter 300, ;

suggesting that if the backscatter gain is averaged over size
parameter intervals ax = 14 the result will be constant

(independent of size parameter). 3
F 1 3
3 | 3

3 0]
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0 100 £00 300 400 800 ;

SIZE PARAMETER X j

Averaged values of the backscatter gain G(x) over intervals ;
ax = 14 for size parameters realistic in atmospheric cloud ¥
(size parameters 0-500 correspond to radii 0-85um at A = 3
1.06um). The averaged values are nearly constant (except y
for x<14) and can be approximated by a single value g = -
1.59 show~ by the dashed 1ine. Consequently, the extinction ;

and backscatter coefficients in cloud can be unambiguously
related according to relation (3).
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where g()) 1is determined by numerically averaging the values of G{x) as in
figure 4. The resulting averages are g(x = 0.694um) = 1.64 and g(x = 1.06um)
= 1.59.

Shipley and Weinman!® have also averaged the backscatter gain for water drops
over intervals ax = 14 for size parameters realistic for rain at visible
wavelengths. (Actually they averaged the normalized backscatter phase
function, which is the ratio of the backscatter gain to the total scattering

cross section, for size parameter intervals between x = 500 and x = 5000.)
They found, as we found for size parameters x < 500, that the averaged gain is
nearly constant. In terms of our parameter g, this average value %from their
figure 9) is g = 1.6 + 0.3. Thus, the size-distribution-independent relation
(3) between extinction and backscatter coefficients can also be applied to
rain; namely, o, = 15.70. (Previously, Shipley!! pointed out a unique

relation between extinction and backscatter in rain.) Unfortunately, in the
case of raindrops with diameters greater than 0.3 mm, the question regarding
the effect of their nonsphericity®? (which is not taken into account in the
derivation of (3)) still remains.

3. VERIFICATION OF THE EXTINCTION BACKSCATTER RELATION

To test the validity of the extinction-backscatter relation (3) for clouds, we
applied the Mie theory and used the indexes of refraction of water given by
Hale and Querry!®* to calculate the extinction coefficient according to
equation (1) and the backscatter coefficient according to equation (2) for 156
cloud droplet size distributions measured in the major cloud types. The
sources of these measurements together with the range of droplet sizes
measured and other pertinent information are listed in table 1. The main
sampling technique employed to obtain the cloud droplet-size distributions was
that of impaction of droplets onto coated slides or replicators whose
collection efficiencies were known. The practical lower limit for detection
of cloud droplets by the impaction technique is around 1.5um radius. The sole

195, T. Shipley and J. A. Weinman, 1978, "A Numerical Study of Scattering by
Large Dielectric Spheres," J Opt Soc Am, 68:130-134

115, T. Shipley, 1978, "The Measurement of Rainfall by Lidar," Ph.D. Thesis,
University of Wisconsin, Madison

124, R. Pruppacher and K. V. Beard, 1970, "A Wind tunnel Investigation of the
Internal Circulation and Shape of Water Drops Falling at Terminal Velocities
in Air," Quart J Roy Met Soc, 96:247

13G. M., Hale and M. R. Querry, 1973, "Optical Constants of Water in the 200um
to 20um Wavelength Region," Appl Opt, 12:555-563
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TABLE 1. CLOUD SIZE DISTRIBUTION MEASUREMENTS

Range of Droplet No. of Drop-Size

Sizes Measured Distribution g
Source* Cloud Type (Radii in um) Measurements R
aufm Kamne and Cumulus congestus 1.5 to 92 1 | ‘?
Weickmani (1952) E
Battan and Reitan  Cumulus 1.75 to 58 5
(1957) Cumulus congestus 4
Tropical cumulus ¢
Diem (1948) Cumulus 1 to 42 6 9
Cumulus congestus B
Stratocumulus 3
Altostratus ¥
Nimbostratus g
Stratus :
¢
% Durbin (1959) Cumulus 0.75 to 30 22 '
i Eagan et al (1974)  Stracocumulus 1.25 to 15 12 :f
- Cumulus '%
i Fitzgerald (1972) Continental cumulus 3.5 to 11.5 7 3
: Maritime cumulus E
1 4
] Fitzgerald et al Cumulus 1.75 to 10.5 4 3
g (1973) Stratocumulus :
i k
% Jiusto (1967) Maritime tumulus 1.5 to 24 4
; Orographic
- - stratocumulus i
fr Ryan et al (1972) Continental cumulus 2 to 42 33 %
; Maritime stratus 1
3 Maritime cumulus 4
, ]
: Singleton and Stratus 1.5 to 62 17 i
i Smith (1960) ;
E Spyers-Duran (1972) Altostratus 2.5 to 24 8 5
3 Altocumulus ]
Squires (1958) Orographic 2.5 to 82 10
Tradewind cumulus :
Continental cumulus .
Warner (1969, 1973a) Cumulus 1.25 to 24 20
Warner (1973b) Maritime cumulus 1.5 to 13 4
Weickmann and Cumulus congestus 2.5 to 100 3

fi
:
E
K
P.
:
i’é
b
!
3
;
3
;
2

aufm Kampe (1953)

Cumulonimbus

*Source document Tnformation 1s Tisted separately.
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SOURCE DOCUMENTS FOR TABLE 1

~aufm Kampe, H. J., and H. K. Weickmann, 1952, "Trabert's Formula and the ?
Determination of the Water Content in Clouds," J Meteorol, 9:167-171.
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cloud size determination by a light scattering counter!* was calibrated by :
means of uniformly sized water droplets. Only nonprecipitating clouds were E

used in the analysis, and measurements which showed evidence of glaciation
were excluded.

The numerical integrations for these Mie calculations were performed only over
the range of droplet sizes measured, with no extrapolation to smaller or ;
larger sizes. The results are shown in figure 5. Plotted for each cloud size ‘
| distribution are values of the extinction coefficient as a function of the ]
§ backscatter coefficient at the Nd-YAG laser wavelength A = 1.06pm. The linear §
: relation between extinction and backscatter coefficients predicted using the 4
size-distribution-independent relation (3) is shown by the straight line. For
s all considered cloud size distributions, the relation (3) is within 50 percent
of the numerical results. Thus if errors of this order are acceptable, cloud
extinction coefficients can be inferred from measurement of the backscatter i
coefficients directly from equation (3), without need to know details of the
c¢loud droplet-size distribution.

Of course cloud backscatter coefficients can be determined from lidar return
signals (in a straightforward way) only in the absence or neglect of multiple
scattering contributions to the lidar signal. It follows that application of
: (3) to obtain cloud extinction coefficients from 1lidar returns might be
. restricted to the edges of clouds where the contribution of multiply scattered
S photons is small.

Lt )+ Lt naldliR

\ It would be desirable to compare the extinction-backscatter relation (3) to
- direct measurements of these quantities. The only known simuitaneous
E measurements of backscatter and extinction in cloud are hy Curcio and
‘ Knestrick!®. They found empirically a proportionality between extinction and

backscatter coefficients of the form g °b0.66 for weather conditions

JEESE R UL CRW LT, NE TR

L including fog, fog and drizzle, and clear weather. However, there is ]
L considerable leeway in determining the exponent in this proportionality from §
- their measured data (their figure 4). In addition, the effects of fog j
3 i inhomogeneities and multiple scatter contributions to both the backscatter and 1
i i transmission signals are potential uncertainties in comparing our relation (3) :

with their data.

Pl anar

b We should not necessarily expect the extinction-backscatter relation (3) to be
E, applicable at all wavelengths, since the requirement that both the backscatter
E , ?ain and the extinction efficiency be well approximated by constant values
: independent of size parameter) is generally not satisfied. To prove this
conjecture, we calculated the extinction and backscatter coefficients for the
previously mentioned 156 cloud size distributions at several laser
wavelengths. The results at the DF and CO, laser wavelengths (figures 6 and

o e s e S

1*R, T. Ryan, H. H. Blau, P. C. von Thuna, and M. L. Cohen, 1972, "Cloud
Microstructure as Determined by an Optical Cloud Particle Spectrometer," J
Appl Meteorol, 11:149-156
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15, A. Curcio and G. L. Knestrick, 1956, "Correlation of Atmospheric
Transmission with Backscattering," J Opt Soc Am, 48:686-689
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Volume extinction coefficient versus volume backscatter
coefficient at a wavelength 1 = 1.06um for 156 droplet size
distributions measured in the major cloud types: Cu denotes
cumulus, cumulus congestus, continental cumulus, maritime
cumulus, tropical cumulus, altocumulus, and tradewind
cumulus; Sc, stratocumulus; Cb, cumulonimbus; Or, orographic;
St, stratus; As, altostratus; Ns, nimbostratus, and Mst,
maritime stratus. The results are in good agreement with
the size-distribution-independent prediction (3) (shown by
the straight 1ine) relating extinction uniquely to back-

scatter.
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same as figure 5 except for the DF laser wavelength

» = 3.8um. At this longer wavelength the extinction

is no longer unambigucusly related to backscatter, as
the extinction coefficient for a particular backscatter
coefficient varies by about an order of magnitude with

the droplet size distribution.
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7) show that for a particular backscatter coefficient the extinction varies by
an order of magnitude for different size distributions of droplets. (Our
neglect of gaseous absorption, which is at most 0.05 and 0.4 km™' at these
wavelengths, does not significantly affect the results in figures 6 and 7.)
Therefore, a DF or C0, single-ended lidar measurement could not be used (by

itself without constraints on cloud homogeneity or similarity of drop-size
distributions along the path) to deduce infrared extinction in cloud.

We also cannot anticipate an unambiguous extinction-backscatter relation at
near-millimeter wavelengths. For these 1long wavelengths the Rayleigh
approximation holds and we have G(x) «» x* and Qq(x) » x. Upon substitution of
thse Rayleich formulas into (1) and (2), we see that the ratio of extinction
to backscatter contains the ratio of the 3rd to 6th moments of the drop-size
distribution, destroying any chance for a unique extinction-backscatter
relation. Our numerical results based on the 156 drop distributions (figures
8, 9, and 1C) support this conclusion. The contribution of the molecular
absorption to the extinction, which is on the order of 0.30 km™!, 0.12 km™},
and 0.058 km™! at these frequencies (220, 140, and 94 GHz), has not been
accounted for in these figures.

4. BACKSCATTER AND LIQUID WATER CONTENT IN CLOUD

Having been encouraged by the success of the extinction-backscatter relation
(3) at visible and near-infrared wavelengths, we extended our investigation to
see if a similar relation might exist between cloud liquid water content and
backscatter coefficient; the motivation of course being the prospect of using
lidar for remote measurement of cloud liquid water content.

The liquid water content W of clouds with droplet-size distribution n(r) is
given by .

.
W -f3- mor n{r)dr , (4)

where o is the density of water.

We already know that the backscatter gain (averaged over about 2um radius
intervals) at a wavelength A = 1.06um is nearly constant [G(x) = g]. Hence
there can be no size-distribution-independent relation between 1liquid water
content and backscatter coefficient at this wavelength as the ratio of these
quantities

W _ 1670 _,fr’n(r)dr
% 39 Sronlr)dr (5)
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contains the ratio of the third-to-second moments of the droplet-size
distribution. 1n other words, at x» = 1.06um the 1iquid water content of cloud 1
is related to the backscatter coefficient only through a parameter that
depends on droplet-size distribution. To obtain a quantitative measure of
this size distribution dependence, we again performed Mie calculations of the
£ X backscatter coefficient by using equation (2) and the 1iquid water content by
o using equation (4) for the previously mentioned 156 <cloud size
: distributions. The results are presented in figure 11 and show that for a
particular backscatter coefficient the cloud liquid water content can vary by
more than a factor of ten with the droplet-size distribution.

|
E - Similar investigations of a possible relation between cloud liquid water

) s R e U

content and backscatter coefficient at other infrared, visible, and near-
millimeter laser wavelengths (A = 0.55um, 0.694um, 3.8um, 10.6um, 1364um (220 !
GHz], 2143um [140 GHz), and 3192ym [94 GHz]) show again that no unambiguous ]
relations exist and that for a fixed backscatter coefficient at these other
wavelengths the cloud 1iquid water content shows an even larger variation than

at » = 1.06um. Examples of these results at » = 3.8um and 10.6um are shown in

figures 12 and 13.

We can therefore ccnclude that for clouds of unknown size distribution a !
determination of liquid water content cannot be made from a single-wave1ength :

(elastic) backscatter lidar measurement alone.

If tie total surface area of cloud droplets S =f4nrt n(r)dr is of interest
(rather than liquid water content), it follows from equation (2) that the
surface area can be unambiavously re\ated to the backscatter coefficient by

e R R

L §
P g = 16+ f?
P gy %b (6) J
oo F
for ruby and Nd-YAG laser wavelengths. At the ruby wavelength ) = 0.694um, |
% the relation is S = 30.70, where S is the total droplet surfice area per unit :
P volume of cloud (in 2/m*) and the units of oy are meter™! steradian™!.
i

5. EXTINCTION AND LIQUID WATER CONTENT IN CLOUD

Chylek? and Pinnick et al® have previously shown that a linear ielation exists
between the infrared extinction around » = 1llum and the liquid water content

E ; ' of fogs. The relation is

o b il L e s B A, e o

s s

Petr Chylek, 1978, "Extinction and Liquid Water Content of Fogs and Clouds,"
J Atmos Sci, 35:296-300
*R. G. Pinnick, S. G. Jennings,

"Verification of a Linear Relaticn
Liquid Water Content of Fogs," J Atmos Sci,

Petr Chylek, and H. J. Auvermann, 1979,
Batween IR Extinction, Absorption and
36:1577-1586
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’ (7)

where o, is the extinction coefficient at the wavelength i, W is the fog

1iquid water content, and the coefficient ¢ is equal to the slope of a
straight line that approximates the Mie extinction efficiency curve by Qe(x,x)

= ¢(a)x. (The reader is referred to Pinnick et al* for values of c[a]). The
success of relation (7) depends on the fact that fog droplets have radif

~
-

predominately less than r = l4um.? ¢

*R. G. Pinnick, S. G. Jennings, Petr Chylek, and H. J. Auvermann, 1979,
“Verification of a Linear Relation Between IR Extinction, Absorption and

Liquid Water Content of Fogs," J Atmos Sci, 36:1577-1586

Petr Chylek, 1978, "Extinction and Liquid Water Content of Fogs and Clouds,"
J Atmos Sci, 35:296-300
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Since cloud droplets can be much larger than fog droplets, we might not expect
relation (7) to be applicable to all clouds, particularly if droplets with
radius r > 14um dominate either extinction or 1liquid water content. To
investigate quantitatively the magnitude of the error involved in the
application of (7) to clouds, we again made Mie calculations of the extinction
coefficient (at » = 10.6um) and the liquid water content for the previously
considered 156 cloud droplet-size distributions summarized in table 1, The
results of these calculations are compared to the size-distribution-
independent prediction (7) in figure 14. As noted previously, the effect of
gaseous absorption on the extinction coefficient is smail and has becn
neglected. Except for cumulonimbus, nimbostratus, cumulus congestus, and some
stratus type clouds (which contain significant numbers of large [r > 1l4um]
droplets), the relation (7) is within a factor two of the numerical results.

This agreement reaffirms the conclusion of Chylek’ that at a = 11um a nearly
unique relation exists between the infrared extinction coefficient and liquid
water content of the form of equation (7) for nonprecipitating clouds.

10° +~ r 1
ot t s 10" ' SR ) I0°~i '] 10

LIQUID WATER CONTENT (g w®)

Figure 14. Volume extinction coefficient at a wavelength A = 10.6um
vs liquid water content for 156 cloud droplet size
distribution measurements of cumulus and stratus clouds.
Except for cumulonimbus, nimbostratus, cumulus congestus,
orographic, and some stratus cloud types the results are
close to the equation (7) prediction (shown by the straight
1ine) relating infrared extinction coefficient uniquely to
1iquid water content.

Petr Chylek, 1978, "Extinction and Liquid Water Content of Fogs and Clouds,"
J Atmos Sci, 35:296-300
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6. ABSORPTION AND LiGUID WATER CONTENT IN CLOUD

The cloud size distribution measurements summarized in tsble 1 can also be
used to check the applicability of the relation derived by Pinnick et al?®
connecting the volume absorption coefficient oy at wavelengths around a =

3.8um to liquid water content in fog. The relation has the form

_ 3nc W

% " 7w ’ (8)

where the parameter c'(1) is determined Ly approximating the Mie absorption
efficiency Qu(x,)) by a linear function of size parameter for particles less

than a certain size (see Pinnick et al' for details). As for the extinction-
liquid water content vrelation (7), . the absorption-liquid water content
relation (8) is independent of the form of the drop-size distribution and
depends only on drops having radii less than a certain value. At the 3.8um
wavelength, this value is r = 13um.

Numerical calculations of cloud absorption (at the 3.8um wavelength) and
liquid water content based on the 156 size distributions are compared to the
relat-on (8) prediction in figure 15. The gaseous absorption at this
wavelength is small (at most 0.05 km™!) and has again been neglected here.
The comparison shows that for most cloud types the relation (8) can be used to
connect cloud absorption (or cloud emissivity) to cloud 1iquid water content
with not more than a 50 percent error. Thus equation (8) can be applied to
fogs and most clouds without regard to their type or the character of their
drop-size distributions.

7. CONCLUSION

A relation between extinction and backscatter coefficients at visible and
near-infrared wavelengths has been derived for all types of atmospheric clouds
consisting of spherical water droplets. The relation is independent of cloud
droplet-size distribution. The relation should enable the determination of
clcud extinction coefficient (or total droplet surface area) solely from lidar
return signals, providing the contribution of multiply scattered photons to
the lidar return can be neglected. However, no size-distribution-independent
relation exists between cloud 1iquid water content and backscatter coefficient
at visible, infrared, or near-millimeter wavelengths. This suggests that
single-wavelength lidar by i{tself cannot be used to remotely measure cloud
liquid water content for clouds of unknown type, at least without some
constraint on clrud inhomogeneity or backscatter-extinction ratio along the

Tidar path.

‘R. G. Pinnick, S. G. Jennings, Petr Chylek, and H. J. Auvermann, 1979,
"Verification of a Linear Relation Between IR Extinction, Absorption and
Liquid Water Content of Fogs," J Atmos Sci, 36:1577-1586
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Volume absorption coefficient at a wavelength 1 = 3.8um
vs liquid water content for 156 cloud droplet size
distributions of cumulus and stratus clouds. For most
cloud types the results are close to the equation (8)
prediction (shown by the straight 1ine) relating cloud

infrared absorption unambiguously to cloud liquid water
content.
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Commander

US Army Missile Command

ATTN: DRSMI-OG (Mr. Donald R. Peterson)
Redstone Arsenal, AL 35809

Commander

US Army Missile Command

ATTN: DRSMI-OGA (Dr. Bruce W. Fowler)
Redstone Arsenal, AL 35809 '

28

Commander

US Army Missile Command

ATTN: DRSMI-REL (Dr. George Emmons)
Redstone Arsenal, AL 35809

Commander

US Army Missile Command

ATTN: DRSMI-REO (Huey F. Anderson)
Redston~ Arsenal, AL 35809

Commander

US Army Missile Command

ATTN: DRSMI-REQ (Mr. Maxwell W. Harper)
Redstone Arsenal, AL 35809

Commander

US Army Missile Command

ATTN:. DRSMI-REO (Mr. Gene Widenhofer)
‘Redstone Arsenal, AL 35809

Commander

US Army Missile Command

ATTN: DRSMI-RHC (Dr. Julius Q. Lilly)
Redstone Arsenal, AL 35809

Commander

US Army Missile Command

Redstone Scientific Information Center
ATTN: DRSMI-RPRD (Documents Section)
Redstone Arsenal, AL 35809

Commander

US Army Missile Command

ATTN: DRSMI-RRA (Dr. Oskar Essenwanger)
Redstone Arsenal, AL 35809

Commander

US Army Missile Command

ATTN: DRSMI-RRO (Mr. Charles Christensen)
Redstone Arsenal, AL 35809

Commander

US Army Missile Command

ATTN: DRSMI-RRO (Dr. George A. Tanton)
Redstone Arsenal, AL 35809
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Commander

US Army Communications Command
ATTN: CC-0OPS-PP

Fort Huachuca, AZ 85613

Commander
US Army Intelligence Center & School

ATTN: ATSI-CD-CS {Mr. Richard G. Cundy)

Fort Huachuca, AZ 85613

Commander

US Army Intelligence Center & School
ATTN: ATSI-ZD-MD (Mr. Harry Wilder)
Fort Huachuca, AZ 985613

Commander

US Army Inteiligence Center & School
ATTN: ATSI-CS-C {2LT Coffman)

Fort Huachuca, AZ 85613

Commander

US Army Yuma Proving Ground
ATTN: STEYP-MSA-TL

Bldg 2105

Yuma, AZ 85364

Northrop Corporation
Electro-Mechanical Division
ATTN: Dr. Richard D. Tooley
500 East Orangethorpe Avenue
Anaheim, CA 92801

Commander

Naval Weapons Center :
ATTN: Code 3918 (Dr. Alexis Shlanta)
China Lake, CA 93555

Hughes Helicopters

Army Advanced Attack Helicopter Weapons

ATTN: Mr. Charles R. Hill
Centinela and Teale Streets
Bldg 305, MS T-73A

Culter City, CA 90230

Commander

US Army Combat Developments
Experimentation Command

ATTN: ATEC-PL-M (Mr. Gary G. Love)

Fort Ord, CA 93941

SRI International

ATTN: K2060/Dr. Edward E. Uthe
333 Ravenswood Avenue

Menlo Park, CA 94025
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SRI International -

ATTN: Mr. J. E. Van der Laan
333 Ravenswood Avenue

Menlo Park, CA 94025

Joane May

Naval Environmental Prediction
Research Facility (NEPRF)

ATTN: Library

Monterey, CA 93940

Sylvania Systems Group,

Western Division

GTE Products Corporation

ATTN: Technical Reports Library
P.0. Box 205

Mountain View, CA 94042

Sylvania Systems Group
Western Division

GTE Products Corporation
ATTN: Mr. Lee W. Carrier
P.0. Box 188

Mountain View, CA 94042

Pacific Missile Test Center
Geophysics Division

ATTN: Code 325C-3 (R. de Violint)
Point Mugu, CA 93042

Pacific Missile Test Center
Geophysics Division

ATTN: Code 3253 (Terry E. Battalino)
Point Mugu, CA 93042

Effects Technology Inc.
ATTN: Mr. John D. Carlyle
5383 Hollister Avenue
Santa Barbara, CA 93111

Commander

Naval Ocean Systems Center

ATTN: Code 532 (Dr. Juergen Richter)
San Diego, CA 92152

Commander
Naval Ocean Systems Center

ATTN: Code 5322 (Mr. Herbert G. Hughes)

San Diego, CA 92152

Commander

Naval Ocean Systems Center
ATTN: Code 4473 (Tech Library)
San Diego, CA 92152
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The RAND Corporation
ATTN: Ralph Huschke
1700 Main Street

Santa Monica, CA 90406

Particle Measuring Systems, Inc.
ATTN: "™», Robert G. Knollenberg
1855 South 57th Court

Boulder, CO 80301

- US Department of Commerce

National COceanic and Atmospheric Admin
Environmental Research Laboratories
ATTN: Library, K-51, Technical Reports
325 Broadway

Boulder, CO 80303

US Department of Commerce

National Oceanic and Atmospheric Admin
Environmental Research Laboratories
ATTN: RA45X3 (Dr. Vernon E. Derr)
Boulder, CO 80303

US Department of Commerce

National Telecommunica*tions and
Information Administration

Institute for Telecommunication Sciences

ATTN: Code 1-3426 (Dr. Hans J. Liebe)

Boulder, CO 80303

AFATL/DLODL
Technical Library
Eglin AFB, FL 32542

Commanding Officer

Naval Training Equipment Center
ATTN: Technical Information Center
Orlando, FL 32813

Georgia Institute of Technology
Engineering Experiment Station
ATTN: Dr. Robert W. McMillan
Atlanta, GA 30332

Georgia Institute of Technology
Engineering Experiment Station
ATTN: Dr. James C. Wiltse
Atlanta, GA 30332

Commandant

US Army Infantry Center

ATTN: ATSH-CD-MS-E (Mr. Robert McKenna)
Fort Benning, GA 31805
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Commander

US Army Signal Center & Fort Gordon
ATTN: ATZHCD-CS

Fort Gordon, GA 3090%

Commander

US Army Signal Center & Fort Gordon
ATTN: ATZHCD-O

Fort Gordon, GA 30905

USAFETAC/DNE
ATTN: ¥r-. Charles Glauber
Scott AFB, IL 62225

Commander

Air Weather Service

ATTN: AWS/DNDP (LTC Kit G. Cottrell)
Scott AFB, IL 62225

Commander

Air Weather Service

ATTN: AWS/DOOF (MAJ Robert Wright)
Scott AFB, IL 62225

Commander
US Army Combined Arms Center
& Ft. Leavenworth
ATTN: ATZLCA-CAA-Q (Mr. H. Kent Pickett)
Fort Leavenworth, KS 66027

Commander
US Army Combined Arms Center
& Ft. Leavenworth
ATTN: ATZLCA-SAN (Robert DeKinder, Jr.)
Fort Leavenworth, KS 66027

Commander
US Army Combined Arms Center
& Ft. Leavenworth
ATTN: ATZLCA-SAN (Mr. Kent l. Johnson)
Fort Leavenworth, XS 66027

Commander
US Army Combined Arms Center
& Ft. Leavenworth
ATTN: ATZLCA-WE (LYC Darrell Holland)
Fort Leavenworth, KS 66027

President

USAARENBD

AYTN: AVZK-AE-TA (Dr. Charles R. Leake)
Fort Knox, KY 40121




Commander

US Army Armor Center and Fort Knox
ATTN: ATZK-CD "iZ

fort Knox, KY 40121

Commander

US Army Armor Center and Fort Knox
ATTN: ATZK-CD-SD

Fort Knox, KY 40121

Aerodyne Research Inc.
ATTN: Dr. John F. Ebersole
Crosby Drive

Bedford, MA 01730

Commander

Air Force Geophysics Laboratory
ATTN: OPA (Dr. Robert W. Fenn)
Hanscom AFB, MA 01731

Commander

Air Force Geophysics Laboratory

ATTN: OPI (Dr. Robert A. McClatchey)
Hanscom AFB, MA 01731

Massachusetts Institute of Technology
Lincoln Laboratory

ATTN: Dr. 7. J. Goblick, B-370

P.0. Box 73

Lexington, MA 02173

Massachusetts Institute of Technology
Lincoln Laboratory

ATTN: Dr. Michael Gruber

P.0. Box 73

Lexington, MA 02173

Raytheon Company

Equipment Division

ATTN: Dr. Charles M. Sonnenschein
&30 Boston Post Road

Wayland, MA 01778

Commander

US Army Ballistic Research Laboratory/
ARRADCOM

ATTN: DRDAR-BLB (Mr. Richard McGee)

Aberdeen Proving Ground, MD 21005

Commander/Director
Chemical Systems Laboratory
US Army Armament Research
& Development Command
ATTN: DRDAR-CLB-PS (Dr. Edward Stuebing)
Aberdeen Proving Ground, MD 21010

Commander/director
Chemical Systems iLaboratory
US Army Armament Research
& Development Command
ATTN: DRDAR-CLB-PS (Mr. Joseph Vervier)
Aberdeen Proving Ground, MD 21010

Commander/Cirector
Chemical Systems lLaboratory
US Army Armament Research '
& Development Command
ATTN: DRDAR-CLY-A (Mr. Ronnald Pennsyle)
Aberdeen Proving Ground, MD 21010

Commander

US Army Ballistic Research Laboratory/
ARRADCOM

ATTN: DRDAR-TSB-S (STINFO)

Aberdeen Proving Ground, MD 21005

Commander
US Army Electronics Research
& Development Command
ATTN: DRDEL-CCM (W. H. Pepper)
Adelphi, MD 20783

Commander
US Army Electronics Research
& Development Command
ATTN: DRDEL-CG/DRDEL-DC/DRDEL-CS
2800 Powder Mill Road
Adelphi, MD 20783

Commander

US Army Electronics Research
& Development Command

ATTN: DRDEL-CT

2800 Powder Mil1l Road

Adelphi, M 20783

Commander
US Army Electronics Research
& Development Command
ATTN: DRDEL-PAO (M. Singleton)
2800 Powder Mi11 Road

Adelphi, M 20783
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Project Manager
Smoke/Obscurants
ATTN: DRDPM-SMX
(Dr. Anthony Van de Wal, Jr.)
Aberdeen Proving Ground, MD 21C05

Project Manager

Smoke/Obscurants

ATTN: DRDPM-SMK-T (Mr. Sidney Gerard)
Aberdeen Proving Ground, MD 21005

Commander -

US Army Test & Evajuation Command

ATTN: DRSTE-AD-M (Mr. Warren M. Baity)
Aberdeen Proving Ground, MD 21005

Commander

US Army Test & Evaluation Command

ATTN: DRSTE-AD-M (Dr. Norman E. Pentz)
Aberdeen Proving Ground, MD 21005

Director

US Army Materiel Systems Analysis Activity
ATTN: DRXSY-AAM (Mr. William Smith)
Aberdeen Proving Ground, MD 21005

Director

US Army Materiel Systems Analysis Activity
ATTN: DRXSY-CS (Mr. Philip H. Beavers)
Aberdeen Proving Ground, MD 21005

Director

US Army Materiel Systems Analysis Activity
ATTN: DRXSY-GB (Wilbur L. Warfield)
Aberdeen Proving Ground, MD 21005

Director

US Army Materiel Systems Analysis Activity
ATTN: DRXSY-GP (Mr. Fred Campbell)
Aberdeen Proving Ground, MD 21005

Director

US Army Material Systems Analysis Activity
ATTN: DRXSY-GP (H. Stamper)

Aberdeen Proving Grounds, MD 21005

Director
US Army Materiel Systems Analysis Activity
ATTN: DRXSY-GS

(Mr. Michael Starks/Mr. Julian Chernick)
Aberdeen Proving Ground, MD 21005

Director

US Army Materiel Systems Analysis Activity
ATTN: DRXSY-J) (Mr James F., 0'Bryon)
Aberdeen Proving Ground, MD 21005

Director

US Army Materiel Systems Analysis Activity
ATTN: DRXSY-LM (Mr. Robert M. Marchetti)
Aberdeen Proving Ground, MD 21005

Commander

Harry Diamond Laboratories
ATTN: Dr. William W. Carter
2800 Powder Mill Road
Adelphi, MD 20783

Commander

Harry Diamond Laboratories

ATTN: DELHD-R-CM (Mr. Robert McCoskey)
2800 Powder Mil1l Road

Adelphi, MD 20783

Commander

Harry Diamond Laboratories

ATTN: DELHD-R-CM-NM (Dr. Robert Humphrey)
2800 Powder Mil1l Road

Adelphi, MD 20783

Commander

Harry Diamond Laboratories

ATTN: DELHD-R-CM-NM (Dr. Z. G. Sztankay)
2800 Powder Mil1l Road

Adelphi, MD 20783

Commander

Harry Diamond Laboratories

ATTN: DELHD-R-CM-NM (Dr. Joseph Nemarich)
2800 Powder Mill Road

Adelphi, MD 20783

Commander

Air Force Systems Command

ATTN: WER (Mr. Richard F. Picanso)
Andrews AFB, M 20334

Martin Marietta Laboratories
ATTN: Jar Mo Chen

1450 South Rolling Road
Baltimore, M 21227
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Commander

US Army Concepts Analysis Agency
ATTN: CSCA-SMC (Mr. Hal E. Hock)
8120 Woodmont Avenue

Bethesda, M0 20014

Director

National Security Agency

ATTN: R52/0r. Douglas Woods
Fort George G. Meade, MD 20755

Chief :
Intelligence Materiel Development

& Support Office
US Army Electronic Warfare Laboratory
ATTN: DELEW-I (LTC Kenneth E. Thomas)
Fort George G. Meade, MD 20755

The Johns Hopkins University
Appliced Physics Laboratory
ATTN: Dr. Michael J. Lun
John Hopkins Road

Laurell, MD 20810

Dr. Stephen T. Hanley
1720 Rhodesia Avenue
M HiTY, MO 20022

S¢ nce Applications Inc.
AT Mr. G. D. Currie
15 Research Drive

Ann Arbor, MI 48103

Science Applications Inc.
ATTY  Dr. Robert E. Turner
15 Research Drive

Ann Arbor, MI 48103

Commander

US Army Tank-Automotive Research
& Development Command

ATTN: DRDTA-ZSC (Mr. Harry Young)

Warren, MI 48090 !

Commander
US Army Tank Automotive Research
& Development Command

ATTN: DRDTA-ZSC (Mr. Wallace Mick, Jvr.)

Warren, MI 48090

Dr. A. D. Belmont
Research Division
Control Data Corporation
P.0. Box 1249
Minneapolis, MN 55440

Director

US Army Engr Waterways Experiment Station

ATTN: WESEN (Mr. James Mason)
P.0. Box 631
Vicksburg, MS 39180

Dr. Jerry Davis
Department of Marine, Earth

and Atmospheric Sciences
North Carolina State University
Raleigh, NC 27650

Commander

US Army Research Office

ATTN: DRXR0-GS (Dr. Leo Alpert)
P.0. Box 12211

Research Triangle Park, NC 27709

Commander

US Army Research Office

ATTN: DRX:0-PP (Brenda Mann)
P.0. Box 12211

Research Triangle Park, NC 27709

Commander
US Army Cold Regions Research
& Engineering Laboratory
ATTN: - CRREL-RD (Dr. K. F. Sterrett)
Hanover, N4 03755

Commander/Director
US Army Cold Regions Research
& Engineering Laboratory
ATTN: CRREL-RG (Mr. George Aftken)
Hanover, N4 037565

Commander
US Army Cold Regions Research
& Engineering Laboratory
ATTN: CRREL-RG (Mr. Roger H. Berger)
Hanover, NH 03755

Commander
US Army Armament Research
& Development Command
ATTN: DRDAR-AC (Mr. James Greenfield)
Dover, NJ 07801
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Commandar

US Army Armament Research
& Development Command

ATIN: DRDAR-TSS (Bldg #59)

Dover, NJ 07801

Commander

US Army Armament Research
& Development Command

ATTN:

Dover, NJ 0780]

Commander

US Army Armament Research
& Development Command

ATTN:

Dover, NJ 07801

Deputy Joint Project Manager
for Navy/USMC SAL GP

ATTN;

Dover, NJ 07801

Commander/Director

US Army Combat Surveillance & Target
Acquisition Laboratory

ATTN: DELCS-1 (Mr. David Longinotti)

Fort Monmouth, NJ 07703

Commander/Director '

US Army Combat Surveillance & Target
Acquisition 'laboratory

ATTN: DELCS-PE (Mr. Ben A. DY Campli)

Fort Monmouth, NJ 07703 ‘

Commander/Director

US Army Combat Surveillance & Target
Acquisition Laboratory

ATTN: DELCS-R-S (Mr. Donald L. Foiant)

Fort Monmouth, NJ 07703

Director

US Arm Electronics Technology &
Devices Laboratory

ATTN: DELET-DD (S. Danko)

Fort Monmouth, NJ 07793

Project Manager

FIREFINDER/REMBASS

ATTN: DRCPM-FFR-TM {Mr. John M. Bialo)
Fort Monmouth, NJ 07703

DRCPM-CAWS-EI (Mr. G. H. Waldron)

DRCPM-CAWS-NY (CPT Joseph Miceli)

DRCPM-CAWS-E1 (Mr. Peteris Jansons)
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Commander
US Army Electronics Research
& Development Command
ATTN: DRDEL-SA (Dr. Walter S. McAfee)
Fort Monmouth, NJ 07703

OLA, 2WS (MAC)

Holloman AFB, NM 88330

Commander

Air Force Weapons Laboratory

ATTN: AFWL/WE (MAJ John R. Elrick)
Kirtland, AFB, NM 87117

Director ,

USA TRADOC Systems Analysis Activity
ATTN: ATAA-SL

White Sands Missile Range, NM 88002

Director

USA TRADOC Systems Analysis Activity
ATTN: ATAA-SL (Dolores Anguiano)
White Sands Missile Range, NM 88002

Director

USA TRADOC Systems Analysis Activity
ATTN: ATAA-TDB (Mr. Louie Dominguez)
White Sands Missile Range, NM 88002

Director

USA TRADOC Systems Analysis Activity
ATTN: ATAA-TDB (Mr. William J. Leach)
White Sands Missile Range, NM 88002

Director

USA TRADOC Systems Analysis Activity
ATTN: ATAA-TGP (Mr. Roger F. Willis)
White Sands Missile Range, NM 88002

Director

0ffice of Missile Electronic Warfare
ATTN: DELEW-M-STO (Dr. Steven Kovel)
White Sands Missile Range, NM 88002

Office of the Test Director

Joint Services EQ GW CM Test Program
ATTN: DRXDE-TD (Mr. Weldon Findley)
Whit2 Sunds Missile Range, NM 88002

Commander

US Army White Sands Missile Range

ATTN: STEWS-PT-AL (Laurel B. Saunders)
White Sands Missile Range, NM 88002
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Commander

US Army R&D Coordinator
US Embassy - Bonn

Box 165

APO New York 09080

Grumman Aerospace Corporation
Research Department - MS A08-35
ATTN: John E. A. Selby
Bethpage, NY 11714

Rome Ai~ Development Center

ATTN: Documents Library
TSLD (Bette Smith)

Griffiss AFB, NY 13441

Dr. Roberto Vaglio-Laurin
Faculty of Arts and Science
Dept. of Applied Science
26-36 Stuyvesant Street

New York, NY 100G3

Air Foirce Wright Aeronautical Laboratories/
Avionics Laboratory

ATTN: AFWAL/AfAI-3 (Mr. Harold Geltmacher)

Wright-Patterson AFB, OH 43433

Air Force Wright Ae-onautical Laboratories/
Avionics Laboratory

ATTN: AFWAL/AARI-3 (CPT William C. Smith)

Wright-Patterson AFB, OH 45433

Commandant

US Army Field Artillery School

ATTN: ATSF-CF-R (CPT James M. Watson)
Fort S111, OK 73503

Commandant

US Army Field Artillery School
ATTN: ATSF-CD-MS

Fort Si11, OK 73503

Commandant

US Army Field Artillery School
ATTN: ATSF-CF-R

Fort S111, 0K 73503

Commandant

US Army Field Artillery School

ATTN: NOAA Lfiaison QOfficer
(COR Jeffrey G. Carlen)

Fort S111, OK 73503
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Commandant

US Army Field Artillery School
Morris Swett Library

ATTN: Reference Librarian
Fort Si11, Ok 73503

Commander

Naval Air Development Center

ATTN: Code 301 (Mr. George F. Eck)
Warminster, PA 18974

The University of Texas at E1 Paso
Electrical Engineering Department
ATTN: Dr. Joseph H. Pierluissi

EY Paso, TX 79968

Commandant

US Army Air Defense Schoo?l

ATTN: ATSA-CD-SC-A (CPT Charles T. Thorn)
Fort Bliss, TX 79916

Commander

HQ, TRADOC Combined Arms Test Activity
ATTN: ATCAT-0P-Q (CPT Henry C. Cobb, Jr.)
Fort Hood, TX 76544

Commander

HQ, TRADOC Combined Arms Test Activity
ATTN: ATCAT-SCI (Or. Darrell W. Collier)
Fort Hood, TX 76544

Commander

US Army Dugway Proving Ground
ATTN: STEDP-MT-DA-L

Dugway, UT 84022

Commander

US Army Dugway Proving Ground

ATTN: STEDP-MT--DA-M (Mr. Paul E. Carlson)
Dugway, UT 84022

Commander

US Army Dugway Proving Ground

ATTN: STEDP-MT-DA-T ?Mr. John Trethewey)
Dugway, UT 84022

Commander

US Army Dugway Proving Ground

ATTN: STEDP-MT-DA-T {Mr. William Peterson)
Dugway, UT 84022

ot o bl i M a bWt i Lt L




m#:mmhmA et e ot i e ¥ i e A s g

Defense Documentation Center
ATTN: DDC-TCA

Cameron Station Bldg §
?;exandria. VA 22314

Ballistic Missile Defense Program Qffice
ATTN: DACS-BMT (Colonel Harry F. Ennis)
5001 Eisenhower Avenue

Alexandria, VA 22333

Defense Technical Information Center
ATTN: DDA-2 (Mr. James E. Shafer)
Cameron Station, Bldg 5

Alexandria, VA 22314

Commander
US Army Materiel Development
& Readiness Command
ATTN: DRCBSI-EE (Mr. Albert Giambalvo)
5001 Eisenhower Avenue
Alexandria, YA 22333

Commander
S Army Mater‘el Development

& Readiness Command
ATTN: DRCLDC (Mr. James Bender)
8001 Eisenhower Avenue
Alexandria, VA 22333

Defense Advanced Rsch Projects Agency
ATTN: Steve Zakanyez

1400 Wilson Bivd

Arlington, VA 22209

Defense Advanced Rsch Projects Agency
ATTN: Dr. James Tegnelia

1400 Wilson Blvd

Arlington, VA 22209

Institute for Defense Analyses
ATTN: Mr. Lucien M. Biberman
400 Army-Navy Drive
Arlington, VA 22202

Institute for Defense Analyses
ATTN: Dr. Ernest Bauer

400 Army-Navy Drive

Arlington, VA 22202

Institute for Defense Analyses
ATTN: Dr. Hans G. Wolfhard
400 Army-Navy Drive

Arlington, VA 22202

System Planning Corporation
ATTN: Mr, Daniel Friedman
1500 Wilson Boulevard
Arlington, VA 22209

System Planning Corporation
ATTN: COL Hank Shelton
1800 wWilson Boulevard
Arlington, VA 22209

US Army Intelligence & Security Command
ATTN: Edwin Speakman, Scientific Advisor
Arlington Hall Station

Arlington, VA 22212

Commander
US Army Operational Test
& Evaluation Agency
ATTN: CSTE-ED (Mr. Floyd I. Hi11)
5600 Columbia Pike
Falls Church, VA 22041

Commander and Director

US Army Engineer Topographic Laboratories
ATTN: ETL-GS-A (Mr. Thomas Neidringhaus)
Fort Belvoir, VA 22060

Director

US Army Night Vision &
Electro-Optics Laboratory

ATTN: DELNV-L (Dr. Rudoif G. Buser)

Fort Belvoir, VA 22060

Director

US Army Night Vision &
Electro-Optics Laboratory

ATTN: DELNV-L (Dr. Robert S. Rodhe)

Fort Belvoir, VA 22060

Director
US Army Night Vision &
Electro-Optics Laboratory
ATTN: DELNV-VI (Mr. Joseph R. Moulton)
Fort Belvoir, VA 22060

Director

US Army Night Vision &
Electro-Optics Laboratory

ATTN: DELNV-VI (Luanne P. Obert)

Fort Belvoir, VA 22060
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Director Department of the Air Force

| US Army Might Vision HQS 5 Weather Wing (MAC)

; & Electro-Optics Laboratory ATTN: 5 WW/DN

| ATTN: DELNV-VI (Mr. Thomas W. Cassidy) Langley Air Force Base, VA 23655

1 Fort Belvoir, VA 22060
Eoo . Commander
P Director US Army INSCOM/Quest Research Corporation
] US Army Night Vision & ATTN: Mr. Donald Wilmot
Electro-Optics Laboratory 6845 £1m Street, Suite 407

, ATTN: DELNV-VI (Mr. Richard J. Bergemann) McLean, VA 22101
! Fort Belvoir, VA 22060
General Research Corporation

Director ATTN: Dr. Ralph Zirkind
US Army Night Vision & 7655 01d Springhouse Road
Electro-Optics Laboratory McLean, VA 22102
ATTN: DELNV-VI (Dr. James A. Ratches) :
g Fort Belvoir, VA 22060 Science Applizations, Inc. 1
{ 8400 Westpark Drive
F {ommander ATTN: Dr. John E. Cockayne
! JS Army Training & Doctrine Command McLean, VA 22102
i ! ATTN: ATCD-AN
(o Fort Monroe, VA 23651 US Army Nuclear & Chemical Agency ;
o ATTN: MONA-WE (Dr. John A. Berberet) !
Commander 7500 Backlick Road, Bldg 2073 :
' S Army Training & Doctrine Command Springfield, VA 22180 ]
ATTM: ~ ATCD-AN-M
: Fort Monroe, VA 23651 Director ;
{ US Army Signals Warfare Laboratory :
{ Commander ATTN: DELSW-EA (Mr. Douglas Harkleroad) 1
s IS Army Training & Doctrine Command Vint Hill Farms Station i
bt ATTN: ATCD-F-A (Mr. Chris 0'Connor, Jr.)  warrenton, VA 22186 ;
b Fort Monroe, VA 23651 i
S Director »
peo Commander ' US Army Signals Warfare Laboratory
f S Army Training & Doctrine Command ATTN: DELSW-0S (Dr. Royal H. Burkhardt)
: ATTN: ATCD-1E-R (My, David M. Inqram) Vint Hill Farms Station
f Fort Monroe, VA 23651 Warrenton, VA 22186
E ' Commander Commander ]
: S Army Training & Doctrine Command US Army Cold Regions Test Center i
: ATTN: ATCO-M-I/ATCD-M-A ATTN: STECR-TD (Mr. Jerold Barger) i
i Fort Monroe, VA 23651 APO Seattle, WA 98733 ;(
; Commander HQDA (SAUS-OR/Hunter M. Woodall, Jr./ j
{ US Army Training & Doctrine Command Dr. Herbert X. Fallin) ;
ATTN: ATDOC-TA (Dr. Marvin P, Pastel) Rm 2E 6i4, Pentagon :
Fort Monroe, VA 23651 Washington, DC 20301
E Department of the Air Force COL Ebert W. Friday, Jr.
Fo OL-1, AWS OUSDRE i
yo Fort Monroe, VA 23651 Rm 3D 129, Pentagon ;
- Washington, OC 20301
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Defense Communications Agency
Technical Library Center

Code 222

“ashington, NC 20305

Director
Defense Nuclear Agency

ATIN:  Technical Library (Mrs. Betty Fox)
Washington, NC 20305

Director

Jefense Nuclear Agency
ATTN:  RAAE (Dr. Car) Fitz)
Washington, DC 20305

Director

Defense Nuclear Agency

ATTN:  SPAS (Mr. Danald J. Kohler)
Aashington, DC 20305

Jefense Intelligence Agency
ATTN: DT/AC (LTG Robert Poplawski)
Washington, DC 20301

4QDA (DAMA-ARZ-D/Dr. Verderame)
Washington, DC 20310

HQDA (DAMI-ISP/Mr. BReck)
Washington, DC 203)0

Jepartment of the Army
Neputy Chief of Staff for
Operations and Plans

ATTN: DAMO-RQ
Washington, DC 20310

Department of the Army

Oirector of Telecommunications and
Command and Contro)

ATTN: DAMD-TCZ

Washington, DC 20310
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