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ATMOSPHERIC TRANSMISSION MEASUREMENTS AT
WHITE SANDS MISSILE RANGE, AUGUST 1978

INTRODUCTION

During August 1978 measurements were taken over a two-week period at White Sands Missile
Range (WSMR), New Mexico. The Naval Research Laboratory's (NRL) Infrared Mobile Optical Radi-
ation Laboratory (IMORL) was used to make high-resolution atmospheric transmission measurements
over an elevated 6.4-km path in order to assess the effect of the atmosphere on laser transmission. The
expected high turbulence at WSMR was a new parameter for the existing IMORL data base [1,21 and
restricted operations to midmorning and late afternoon. Detailed surveys of the actual path used, pro-
viding beam elevation as well as local ground topography vs range, were carried out in support of this
program. Meteorelogical parameters monitored at the endpoints of the path included air temperature,
dewpoint, solar radiation, wind speed and direction, and the temperature structure parameter CT. Laser
extinction coefficient measurements were made to a precision of ±+0.008 km-l* at HeNe, Nd-Yag, deu-
terium fluoride (DF), and CO2 wavelengths. To achieve this precision for the highly transmissive DF
wavelengths, a longer path was used than those chosen for previous IMORL operations. New dual-
scatter-plate beam integrators were employed to reduce pointing errors at the receiver [3]. The
turbulence-induced beam spread caused possible overfill of the 1.2-m (4-ft) receiver mirror and limited
the path length to the 6.4 km used for successful operation during all but the periods of highest tur-
bulence. Times of day and levels of turbulence for which this limitation became operative will be dis-
cussed in the section on laser extinctions.

Extinction measurements of the DF lines are in good agreement with predictions from sea level
algorithms simply reduced in total pressure for most lines measured. The 2-1 Ps DF line shows indi-
cations of an H20 continuum dependence different from the model developed by the Army Atmos-
pheric Sciences Laboratory, WSMR. This discrepancy is in the direction of smaller absorption
coefficients for the 2-1 P5 component of a multi-wavelength beam. The DF laser extinction measure-
ments were used to calibrate Fourier Transform Spectrometer (FTS) data, providing absolute transmis-
sion spectra for the first time at the WSMR-MAR site. This information will be of substantial benefit
to the future laser propagation programs at WSMR.

PLAN AND RATIONALE FOR THE WSMR EXPERIMENT

The technical objectives of this measurements program were threefold. A primary objective was
to characterize the propagation environment at WSMR by measuring long path atmospheric extinction
at several near- and mid-IR laser frequencies, together with local meteorological parameters. Second,
this work was intended to provide basic experimental atmospheric transmission data at WSMR for sys-
tems analysis studies. Third, this measurement program was designed to acquire precise high-
resolution atmospheric transmission spectra in-situ at WSMR.

Specific problem areas identified prior to the WSMR field measurements include the nature,
composition, and effects of average atmospheric aerosol concentrations occurring in the inland desert

Manuscript submitted April 29, 1980.
*This error limit is larger than that reported for previous measurements with the IMORL [3] because of the high turbulence en-
countered at WSMR.
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environment, anticipated new ranges of absolute humidity, and confirmation of the level and variability
of HDO/H20 abundance in the inland environment. Each of these atmospheric properties strongly
affects the propagation of DF laser radiation in the atmosphere.

LASER EXTINCTIONS

The laser extinction procedures used at WSMR are described in References [11 and [4]. With use

of the basic procedure of a chopped beam and phase-locked ratiometry, an experimental uncertainty of
± 0.008 km-l was achieved in the measured extinction coefficients, with transmissions near 90% over
the path. The required precision in the detector hardware was achieved through the use of tandem

scatter-plate beam integrators having a deviation of less than 1% of detector-integrator efficiency over
the entire 1.2-m (4-ft) collector pupil. This unique design was developed by R. F. Horton of NRL's
Optical Radiation Branch [3]. Precision AC voltage regulators were added to the transmitter electronics
to maintain uniform source temperatures and amplification characteristics of electronics under the
sometimes harsh field environment. A magnetic tape data logger normally used for storage of meteoro-
logical parameters was expanded to include the laser extinction numbers from the ratiometer for
improved temporal resolution in data analysis. For example, with the high turbulence frequently
encountered at WSMR, the distribution of values from the ratiometer will have a larger than normal
standard deviation and, if beam spreading nearly fills the 1.2-m receiving aperture, a skewness of the

distribution appears that is easily recognized. This skewness flags a loss of validity of the laser extinc-
tion measurements and requires a new algorithm that selects an averaged ratio near the distribution
edge away from the tail, depending on the degree of mirror fill.

Results of the long path DF extinction measurements are shown in Table 1. The calculated
extinction coefficients are obtained from a line-by-line computer calculation commonly referred to as
HITRAN, which uses a recent edition of the AFCRL line atlas [5], containing spectroscopic data for
the seven principal IR molecular absorbers and their isotopes. All line wing contributions within a
range of 25 cm-l to either side of the wavenumber of interest are included in the calculation as contri-
butions to the absorption coefficient. Midlatitude summer average values scaled to WSMR barometric
pressure and air temperature are used for the amounts of all absorbers except H20, which is referenced
to the measurement of actual dewpoint. A continuum contribution for N2 and H2 0 is included in the
HITRAN calculations and is derived from the model used in LOWTRAN 3B [6]. No aerosol contribu-
tion is modeled in the numerical calculations, since all experimental conditions exceeded 80 km visibil-
ity, indicating a negligible aerosol component. A more detailed description of the visibility measure-
ments will be given in a later section.

For help in assessing the correlations of the DF laser extinctions with atmospheric conditions,
Table 2 contains a breakdown of individual contributions to the total molecular absorption coefficient
from each molecular absorption component for a midlatitude summer atmosphere scaled to 330 C air
temperature, 1172 Pa (8.8 torr) of water vapor, and 88 x 103 Pa (660 torr) total pressure. Absorption
of the 2-dP110 (abbrv. P2 10) line, for example, is dominated by the N2 0 content of the atmosphere.

The variation of absorption coefficient for each of the DF lines with water vapor partial pressure is
shown in Figs. 1 and 2. Included in the figures are previous sea level measurements and a plot of a
polynomial algorithm [1] developed by Science Applications, Inc. (SAI). The recent measurements at
WSMR are indicated by the W symbols, and the boxes and crosses represent data from Cape Canaveral,
Florida, and Capistrano, California, respectively. The solid curve is a least squares fit to the Florida
data, and the dashed curve is the polynomial calculation of SAL.

One notable result of the DF laser extinctions is the P25 line, which indicates a different trend
with water vapor than that expected, as shown in Fig. 2. Absorption of this line is dominated by HDO
line and H2 0 continuum absorptions, and any discrepancies in either species should also show up in
some of the well-behaved lines observed, such as the P27 which is also HDO-line dominated.
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Table 1 - DF Extinctions Measured over 6.4-km Path at WSMR and HITRAN Predictions
for Corresponding Meteorological Conditions*

Time Line Experimental Calculated Experimental
Date (local) Line ID Position Extinction Absorption -Calculated

(cm-') Coefficient (km-') Coefficient (km-') (km-')
11 Aug 78
11 Aug 78
11 Aug 78
11 Aug 78
11 Aug 78
11 Aug 78
11 Aug 78
11 Aug 78
14 Aug 78
14 Aug 78
14 Aug 78
14 Aug 78
14 Aug 78
14 Aug 78
14 Aug 78
14 Aug 78
14 Aug 78
14 Aug 78
15 Aug 78
15 Aug 78
15 Aug 78
15 Aug 78
15 Aug 78
15 Aug 78
15 Aug 78
15 Aug 78
15 Aug 78
15 Aug 78
19 Aug 78
19 Aug 78
19 Aug 78
19 Aug 78
19 Aug 78
19 Aug 78
19 Aug 78
19 Aug 78
19 Aug 78
19 Aug 78

0900
0910
0912
0912
0915
0917
0919
0924
0952
0953
0954
0955
0957
0959
1001
1002
1002
1004
0927
0929
0930
0934
0936
0937
0939
0940
0943
0946
0944
0945
0947
0948
0949
0951
0952
0954
0956
0957

P28
P 18
P 17
P1 6

P28

P2 10
P2 12
P2 8
P28
P27
P25
P18
P17
P16

P28

P2 10
P212
P28
P28
P27
P25
P1 8
P1 7
P1 6

P2 8

P2 10
P2 12
P2 8
P28
P27
P25
P 18
P 17
P 16

P28
P2 10
P2 12

P28

*See section on micrometeorology.

2631.068
2717.539
2742.998
2767.968
2631.068
2580.097
2527.391
2631.068
2631.068
2655.863
2703.999
2717.539
2742.998
2767.968
2631.068
2580.097
2527.391
2631.068
2631.068
2655.863
2703.999
2717.539
2742.998
2767.968
2631.068
2580.097
2527.391
2631.068
2631.068
2655.863
2703.999
2717.539
2742.998
2767.968
2631.068
2580.097
2527.391
2631.068

0.021
0.120
0.030
0.069
0.035
0.092
0.038
0.031
0.012
0.041
0.012
0.078
0.014
0.034
0.013
0.059
0.027
0.014
0.009
0.025
0.017
0.038
0.013
0.026
0.011
0.066
0.030
0.012
0.019
0.072
0.023
0.109
0.023
0.047
0.025
0.072
0.032
0.021

0.023
0.107
0.025
0.063
0.023
0.060
0.026
0.023
0.014
0.038
0.011
0.057
0.012
0.033
0.014
0.052
0.018
0.014
0.011
0.027
0.008
0.038
0.009
0.024
0.011
0.050
0.016
0.011
0.022
0.067
0.020
0.099
0.023
0.058
0.022
0.059
0.025
0.022

-0.002
+0.013
+0.005
+0.006
+0.012
+0.032
+0.012
+0.008
-0.002
+0.003
+0.001
+0.021
+0.002
+0.001
-0.001
+0.007
+0.009

0.000
-0.002
-0.002
+0.009

0.000
+0.004
+0.002

0.000
+0.016
+0.014
+0.001
-0.003
+0.005
+0.003
+0.010

0.000
-0.011
+0.003
+0.013
+0.007
-0.001

3.
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Table 2 - Contributions to Total Molecular Absorption Coefficient
(km -1) for DF Transitions of Interest for a Midlatitude Summer
Atmosphere* Scaled to 330 C Air Temperature, 8.8 Torr H20, and

660 Torr Total Pressure Calculated Using HITRAN

Line Total H0N

LioecAubr lar Continuum Continuum HDO CH 4 N 20 H20 CO2
Absorption

2-1P12 0.019 0.009 0.009 0.000 0.001 0.000 0.000 0.000

2-IPIO 0.054 0.008 0.002 0.002 0.000 0.041 0.000 0.001

2-1P8 0.017 0.008 0.001 0.002 0.003 0.000 0.003 0.000

2-11P7 0.050 0.008 0.001 0.039 0.002 0.000 0.000 0.000

2-iP5 0.014 0.010 0.000 0.004 0.000 0.000 0.000 0.000

1-OP8 0.076 0.010 0.001 0.065 0.000 0.000 0.000 0.000

1-0P7 0.016 0.011 0.000 0.003 0.002 0.000 0.000 0.000

1-OP6 0.042 0.012 0.000 0.025 0.005 0.000 0.000 0.000

*Contributions due to CO, 03 and 02 are not significant for the calculations represented in this table.
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The scatter of the P2 10 line data in Fig. 1 exceeds the 0.008 km-' uncertainty in the measurement
and clearly indicates variations in the amount of the dominant absorbers for those atmospheric absorp-
tion lines that do not correlate with atmospheric H20. In this case it is the N20 molecular component
that comprises approximately 80% of the total absorption for the P2 10 line (see Table 2). Inaccuracies
in isolating the P2 10 line from a neighboring DF line by the operator would tend to give a bimodal
slope, depending on which of the two lines was present during measurement, but this is not indicated.
The observed variation is present at both coastal measurement sites as well as the recent WSMR loca-
tion. Software to obtain a ratio of the FTS spectra and numerical predictions will be generated to assess
abundances of the IR absorbers along the path. A quantitative measure of the uncertainty caused by
atmospheric variations and their influence on the measured absorption coefficient is given by the scatter
of the data for the P28 line shown in Fig. 1. The water-vapor concentration as integrated along the path
will vary with the flux of air masses through the path and is only approximated by the two endpoint
meteorological stations. Absorption of the P28 line is dominated by H20 line and H2 0 continuum
absorptions as shown in Table 2. Consequently, the uncertainties resulting from the use of the end-
point approximation to true-path-integrated H20 result in a distribution of absolute humidities about
the true value and contribute to the scatter seen in Fig. 1.

Within the limits of the scatter shown in Figs. 1 and 2, the molecular algorithms represented by
the dashed lines accurately predict the water-vapor partial pressure dependence of DF laser molecular
absorption near 30'C air temperature at WSMR.

Additional data were acquired in the 10-Arm region with a CO2 laser, and the results are shown in
Table 3 along with HITRAN predictions for the observed atmospheric conditions. Agreement with
predictions is generally not as good as that observed at DF wavelengths. With the exception of the
R1O-20* line, the differences between experiment and theory change with atmospheric conditions along
the path. The precision of the CO2 extinction experiment is equal to that of the DF results and cer-
tainly more than adequate to not give rise to the large discrepancies observed here. Hardware malfunc-
tions of this order would be detected during zero path calibrations, where uncertainties are routinely in
the third significant figure.

The R1O-20 line absorption coefficient is consistently under that predicted for the observed atmos-
pheric conditions. The dominant absorption process for this line, as shown in Table 4, is a strong H20
line nearly coincident with the 975.931 cm-l position of the R10-20 line. The H20 line position is
approximately 976.012 cm-l and is apparently incorrectly identified in line position or line strength in
the AFGL line atlas [5]. For example, were remeasurement to shift the H20 line position by 0.05
cm-l, agreement would be reached with the observed R1O-20 extinction. If the line position is found
to be correct, then the line strength must be significantly larger than previously believed. Figure 3
shows a HITRAN calculation using the existing AFGL line atlas behavior in the vicinity of the R1O-20
line.

The large absorption effects at 10.6 ,um that appear to vary with time are not modeled correctly by
HITRAN. There is no direct correlation with water vapor, since better agreement and lower absorption
coefficients were observed during the highest water-vapor conditions encountered, such as the 10
August measurement of 10.8-torr H20. Table 4 contains a breakdown of the molecular absorption
mechanisms included in the theoretical predictions of HITRAN for conditions on 19 August. It is easy
to see from Table 4 that our observations cannot be explained by increases in H20 and CO 2 along the
path, since all of the lines would be affected to some degree, and a characteristic shape for wavenumber
dependence of the absorption would occur. Figures 4 through 7 show the comparison of experiment to
theory for the range of water vapor conditions encountered. In all cases the upper trace at 975 cm-' is
the measured value. The effect seems to be broadband so as to affect neighboring lines but not so
much so as to occur uniformly across the window. Absorption bands induced by airborne silicates are

*The notation RIO-20 denotes the RIO line of the 001-100 CO 2 band; the same line in the 001-020 band would be denoted by
R02-20, for example.
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Table 3 - CO2 Extinctions (km-') Measured over 6.4-km Path with HITRAN Predictions
for Corresponding Meteorological Conditions*

Time Line Experimental Calculated Experimental
Date (local) Line ID Position Extinction Absorption -Calculated

(cm-') Coefficient (km-) Coefficient (km-) (km-')
10 Aug 78 1001 P10-20 944.195 0.198 0.208 -0.010
10 Aug 78 1004 P10-26 938.689 0.173 0.181 -0.008
10 Aug 78 1006 P10-30 934.895 0.166 0.168 -0.002
10 Aug 78 1008 P10-38 927.009 0.148 0.142 +0.006
10 Aug 78 1010 P10-14 949.480 0.197 0.203 -0.006
10 Aug78 1016 R1O-20 975.931 >1. 0.598 >0.4
10 Aug 78 1021 R1O-28 980.914 0.522 0.166 +0.356
10 Aug 78 1024 P02-20 1046.854 0.509 0.208 +0.301
10 Aug 78 1028 R02-20 1078.591 0.238 0.207 +0.031
11 Aug 78 956 R02-38 1089.001 0.110 0.139 -0.029
11 Aug 78 958 R02-20 1078.591 0.211 0.231 -0.020
11 Aug 78 1000 P02-20 1046.854 0.459 0.233 +0.226
11 Aug 78 1005 R1O-20 975.931 0.713 0.691 +0.022
11 Aug 78 1010 P10-20 944.195 0.585 0.242 +0.343
14 Aug 78 1028 P10-38 927.009 0.170 0.071 +0.099
14 Aug 78 1030 P10-20 944.195 0.770 0.148 +0.622
14 Aug78 1035 R1O-20 975.931 >1. 0.403 >0.6
14 Aug 78 1047 R02-38 1089.001 0.105 0.071 +0.034
15 Aug 78 1006 P10-20 944.195 0.577 0.121 +0.456
15 Aug 78 1008 P10-38 927.009 0.520 0.048 +0.472
15 Aug 78 1010 R10-20 975.931 0.715 0.281 +0.434
15 Aug 78 1014 R10-20 975.931 0.660 0.281 +0.379
15 Aug 78 1017 P02-20 1046.854 0.179 0.147 +0.032
15 Aug 78 1020 R02-20 1078.591 0.178 0.149 +0.029
15 Aug 78 1023 R02-38 1089.001 0.618 0.053 + 0.565
17 Aug 78 1912 R02-38 1089.001 0.052 0.078 -0.026
17 Aug 78 1914 R02-20 1078.591 0.155 0.186 -0.031
17 Aug 78 1915 P02-20 1046.854 0.165 0.182 -0.017
17 Aug78 1916 R1O-20 975.931 >1. 0.456 >0.5
17 Aug 78 1920 P10-20 944.195 0.486 0.162 +0.324
17 Aug 78 1922 P10-38 927.009 0.602 0.079 +0.523
18 Aug 78 1007 P10-38 927.009 0.150 0.120 +0.030
18 Aug 78 1010 P10-20 944.195 0.642 0.197 +0.445
18 Aug78 1014 R10-20 975.931 >1. 0.589 >0.4
18 Aug 78 1018 P02-20 1046.854 0.497 0.204 +0.293
18 Aug 78 1021 R02-20 1078.591 0.228 0.205 +0.023
18 Aug 78 1036 R02-38 1089.001 0.483 0.104 +0.379
19 Aug 78 1023 P10-20 944.195 0.128 0.219 -0.091
19 Aug 78 1024 P10-38 927.009 0.085 0.153 -0.068
19 Aug78 1026 R1O-20 975.931 >1. 0.633 >0.3
19 Aug 78 1029 P02-20 1046.854 0.502 0.217 +0.285
19 Aug 78 1032 R02-20 1078.591 0.222 0.216 +0.006
19 Aug 78 1033 R02-20 1078.591 0.219 0.216 +0.003
19 Aug 78 1036 R02-38 1089.001 0.130 0.123 +0.007

*The line identification notation used is as follows: P10-20 corresponds to the P20 line of the CO2 001 -1 O'0
vibrational band. P02-20 corresponds to the P20 line of the CO2 0001 - 02'0 vibrational band.
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Table 4 - Contributions to Total Molecular Absorption
Coefficient (km-') of a Midlatitude Summer Atmosphere

Scaled to 25.8°C Air Temperature, 10.8 Torr H20
and 660 Torr Total Pressure for CO2 Laser Lines of Interest*

TotalH2
Line ID Molecular Continuum C02 H20 03

Absorption
P10-38 0.153 0.125 0.026 0.002 0.000

P10-20 0.219 0.118 0.093 0.008 0.000

R1O-20 0.633 0.106 0.099 0.428 0.000

P02-20 0.217 0.089 0.118 0.001 0.009

R02-20 0.216 0.084 0.0128 0.004 0.000

R02-38 0.123 0.083 0.036 0.003 0.000

*Contributions due to CH4, N20, HDO, CO, and 02 are not significant
for the calculations represented in this table.

375.0 s75

WAvENUMBER

Fig. 3 - HITRAN transmission prediction over 6.4-km path in vicinity of RIO-20 CO2 line for
midlatitude summer atmosphre scaled to 25.8°C air temperature, 1440 Pa (10.8 torr) H20, and
88 x 103 Pa (660 torr) total pressure
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Fig. 4 - Top trace at 975 cm-t is measured CO2 absorption coefficient over 6.4-km path.
Bottom trace at 975 cm-t HITRAN is the prediction for 534 Pa (4.01 torr) H20.
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Fig. 6 - Top trace at 975 cm-t is measured absorption coefficient over 6.4-km path.
Bottom trace at 975 cm- is the HITRAN prediction for 1265 Pa (9.49 torr) H20.
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Fig. 7 - Top trace at 975 cm-t is measured absorption coefficient over 6.4-km path.
Bottom trace at 975 cm-t HITRAN is the prediction for 1440 Pa (10.8 torr) H20.
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known to coincide with the observed absorptions, but the amount of absorption is higher than that to
be expected from airborne silicates. Wind speed and direction are recorded in the section of this report
on micrometeorology and may be used to study correlation with this strong absorption mechanism.

FOURIER TRANSFORM SPECTROSCOPY

A scanning Michelson interferometer with 16-cm retardation capability was used to measure rela-
tive atmospheric transmission from 2 to 6 /im and from 3 to 14 /irm, with two separate detector-
beamsplitter combinations. For 3 to 14 /im, the HgCdTe detector and KBr beamsplitter produce a
lower signal-to-noise ratio and are more sensitive to background radiance levels than the 2- to 6-,Am
InSb detector and CaF2 beamsplitter combination. The advantage of the extended 3- to 14-/km
wavelength coverage would be more apparent at lower noise levels; this would be achievable with a
matched detector-preamplifier combination and a smaller detector chip (noise equivalent power for a
detector scales directly with chip area). Currently, the 8- to 14-/km window fast Fourier transform
(FFT) data are presented at low resolution for inclusion in this report. Software is being developed to
average noisy spectra and improve the transform process, which will result in higher resolution data in
the 8- to 14-/km region.

Representative spectra for the InSb spectral region are shown in Figs. 8 through 11 for conditions
of 1172 Pa (8.8 torr) H20 and 330 C air temperature. The stronger absorption lines in general appear
narrower than those obtained in earlier atmospheric measurements [7]. Figures 12 through 16 are
HITRAN predictions for the same atmospheric conditions that have been convolved with a 0.08 cm-l
(sin x)/x instrument function to match more closely the data presented in Figs. 8 through 11. In the
5-Am region, we observe stronger continuum absorption features than those currently predicted by
HITRAN. Close scrutiny of features reveals minor differences between theory and experiment such as
the window between 2020 cm-l and 2040 cm-. The AFGL line atlas should be adjusted to match the
structure of the peak of transmission and relative intensities of peaks observed in this spectral region
important for CO laser propagation. As previously observed [8], in sea level coastal measurements, the
4.3-/km CO2 band edge near 2400 cm-' is more rounded than the HITRAN predictions (Fig. 14). This
indicates that a different absorption line wing profile is required for the strong CO2 absorption lines in
this region than the Lorentz shape normally used, or else that a greater N2 continuum absorption exists
than is currently modeled in the 4.2-/km region. The relative strengths of the two HDO lines and the
one H20 line at 2730 cm-' (Fig. 9) indicate only slightly less than the 0.03% abundance ratio for HDO
expected relative to H20. Most spectral features are in fairly good agreement with HITRAN predictions
in the DF region, as indicated by the DF laser extinction results presented earlier in this report.

High dispersion HITRAN plots for the 1172 Pa (8.8 torr) water-vapor conditions of the spectra
shown above are plotted near several DF lines in Figs. 17 and 18. The N2 0 dominance of the P210 line
as well as the H20 and CH4 dominance of the P2 8 are indicated in Fig. 17.

Representative FTS plots for the 8- to 14-/km region are shown in Fig. 19 for data taken on 17
August 1978. The upper panel in Fig. 19 shows a spectrum resulting from a 200-scan average taken
during a 30-min period centered around 1830, and the lower trace is again a 200-scan average taken
during a 30-min period centered around 2030. These data correspond to 1.4 cm-l resolution but can be
processed with improved resolution as software is upgraded. During these measurements, the air tem-
perature was 31'C and the water vapor was 1065 Pa (8.0 torr) at the endpoints of the 6.4-km path.

In general it is observed that there is greater continuum absorption in the 12- to 14-/Am region
than predicted, but otherwise spectral features appear quite similar to the HITRAN calculations con-
volved with a 1.4 cm-' (sin x)/x instrument function shown in Figs. 20 and 21.
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Fig. 8 - Measured atmospheric transmission over 6.4-km path for 1173 Pa (8.8 torr) H20 and
33 0C air temperature in the 3- to 5-pLm region

WAVENUMBER

Fig. 9 - Measured atmospheric transmission over 6.4-km path for 1173 Pa (8.8 torr) H2 0 and
33 0C air temperature in the 3- to 5-p1m region
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Fig. 10 - Measured atmospheric transmission over 6.4-km path for 1173 Pa (8.8 torr)
33°C air temperature in the 3- to 5-p~m region
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Fig. II - Measured atmospheric transmission over 6.4-km path for 1173 Pa (8.8 torr) H2 0 and
33°C air temperature in the 3- to 5-,am region
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Fig. 13 - HITRAN predictions for atmospheric transmission over 6.4-km path with midlatitude summer conditions
scaled to 1173 Pa (8.8 torr) H2 0, 33°C air temperature, and 88 x 103 Pa (660 torr) total pressure
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Fig. 15 - HITRAN predictions for atmospheric transmission over 6.4-km path with midlatitude summer conditions
scaled to 1173 Pa (8.8 torr) H2 0, 33 0C air temperature, and 88 x 103 Pa (660 torr) total pressure
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Fig. 16- HITRAN predictions for atmospheric transmission over 6.4-km path with midlatitude summer conditions
scaled to 1173 Pa (8.8 torr) H2 0, 33°C air temperature, and 88 x 103 Pa (660 torr) total pressure
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Fig. 17 - High-dispersion HITRAN plots for 1173 Pa (8.8 Torr) H2 0, 33'C air temperature,
and 88 x 103 Pa (660 torr) total pressure for each DF line of interest
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Fig. 18 - High dispersion HITRAN plots for 1173 Pa (8.8 Torr) H2 0, 33 0C air temperature,
and 88 x 103 Pa (660 torr) total pressure for each DF line of interest
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Fig. 21 - HITRAN predictions for atmospheric transmission over 6.4-km path with midlatitude summer conditions
scaled to 1067 Pa (8.0 torr) H2 0, 310 C air temperature, with a 1.4 cm-' (sin x)/x instrument function convolution
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PATH SELECTION

Selection of a suitable path for these measurements was subject to several constraints. A major
goal was to maintain beam elevation some distance above ground cover. The elevated beam height
minimizes sensitivity of results to strong vertical gradients of turbulence and aerosols. Funding limited
the size of the earthen berms which could be built for this experiment, and range restrictions ruled out
all but a few locations for beam placement. The transmitter position was built at a test site near a loca-
tion called ARKY. An additional 6.1 m (20 ft) were added to existing high ground in this area, with
the top surface bladed flat and compacted. Earthen ramps were constructed and overall dimensions
were designed to enable zero path calibrations to be carried out on top of the mound without disturbing
transmitter alignment. It was necessary to locate the receiver at 4 to 7 km distance and preferably to
utilize existing high ground to obtain maximum effectiveness of existing monies. Range Control at
WSMR ruled out the first two receiver sites chosen, but finally relented and agreed to the use of the
receiver site at a location called PAT, a distance of 6.4 km from the transmitter as shown in Fig. 22.
This 6.4-km path provides a good compromise between the long path needed for precise absorption
coefficient measurements and the need for limiting path length so as not to allow turbulence beam
spreading to overfill the 1.2-m receiver mirror.

NEW MMcoLsoo0- LAKE LUCERO 2TPC -V7M1 -47491 '

FtS S t f f t f t t V f 

H e -'ft I ' S ' '. W<:
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r s - ;S s h a- ' d I ' ' -W
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4 ft_. .: .!. |

TRANSUAITRs

Ceil ~ J SA;' * AS / - a
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, ! , ;. x, , , ,, / , , , , x s A

Fig. 22 - Location of the 6.4-km path used for the WSMR extinction measurements
of August 1978

Figures 23 and 24 show a detailed survey of the entire 6.4-km path. The zero distance position or
receiver site is PAT and the path extends NNW to the transmitter position at a mound built near
ARKY. The mounds for the transmitter and receiver sites are evident in the survey data and provide
an elevated beam path (indicated by the top trace).
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MICROMETEOROLOGICAL DATA

Appendix A contains all of the micrometeorological data obtained in support of the WSMR
extinction experiment. The data are presented in a tabular format of 10-min averages suitable for
correlating with specific events. The tabular data are followed by plots of the atmospheric index struc-
ture constant CN2, windspeed, and solar radiation vs time to show more clearly trends in these parame-
ters. For example, one notes the strong correlation of CN and windspeed with blockage of solar radia-
tion near 1500 on August 11. The afternoon "window" or quiet period of turbulence does not occur
until 1930 in August and is approximately 45 min in halfwidth as shown on the 17 August plot.

The micrometeorological towers used for these measurements contained air temperature and
dewpoint sensors manufactured by EG&G, a windspeed and direction sensor built by Young Devices,
Inc., and sensors to monitor the atmospheric temperature structure constant CT, solar radiation, and
barometric pressure. All tower sensors were sampled at 3-s intervals and were then averaged to provide
the 10-min data presented here. Care was taken to locate the towers at beam elevation and upwind of
the equipment structures for the predominant wind directions.

Figures A1-A16 contain plots of CN (m-213 ), solar radiation (W/m 2 ), and windspeed (m/s)
monitored at the transmitter and receiver meteorological stations during the experiment.

VISIBILITY MEASUREMENTS

Visibility was determined by the contrast method developed by Koschmieder [9-11] in 1942.
Here visibility is defined as the distance from an object that produces a threshold contrast between the
object and the background. In these experiments, the target was a shadowed mountainside (Elephant
Mountain) 33 km away, and the background was the sky immediately above the mountain.

The contrast formula is

BX H = e-x= Tx (contrast transmittance),
BH

where Bx and BH are the radiances of the cone of air in front of the target at distance X and the hor-
izon, respectively. Attenuation coefficient a in the visible region can generally be attributed to aerosol
scattering. However, in high visibility conditions the molecular component is a significant factor and
must be considered in determinations of aerosol effects.

For visibility determination we define y as the threshold contrast where the target is minimally
visible and R as the range at that contrast. For our work we let y = 0.02 at a wavelength of 0.55 /Im,
so that

BR - BH -e-R - 0.02
BH

or visibility = 3.92/a. An optical pyrometer is a convenient instrument to use for the determination of
BR and BH. With a programmable hand calculator, a visibility observation can be made in about 1 min.
Table 5 summarizes the visibility measurements made during the experiment.
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Table 5 - Visibilities Measured by
Optical Constrast Method

Date Time cr(km-') Visibilit

3 Aug 78 0900 0.026 148.
4 Aug 78 1200 0.038 103.
5 Aug 78 0930 0.048 81.

1155 0.039 100.
8 Aug 78 0810 0.038 103.

1000 0.046 85.
1300 0.041 95.

10 Aug 78 0830 0.034 117.
0955 0.036 108.

11 Aug 78 0805 0.039 101.
0915 0.035 113.
1005 0.033 118
1115 0.033 118
1215 0.036 110

14 Aug 78 0925 0.028 141
1055 0.028 140

15 Aug 78 0925 0.024 163.
1037 0.025 158

16 Aug 78 0845 0.037 105
0930 0.036 110

17 Aug 78 1930 0.0137 285
18 Aug 78 0830 0.038 105
19 Aug 78 0950 0.026 149
21 Aug 78 0845 0.026 150

1025 0.027 147
22 Aug 78 0842 0.029 137

1030 0.030 131
23 Aug 78 0830 0.027 145

C:
Mr

cam

r-.
:U.

CS1

M,S

CONCLUSIONS

DF laser extinction was measured for the first time at the inland WSMR location. Extinction did
not have a significant aerosol contribution at DF wavelengths during the observation period in August
1978. High winds carrying large aerosols encountered during setup could limit the operation of preci-
sion optical systems because of both extinction and damage to external optics. High winds (> 10 m/s)
do not occur regularly during August but may affect operations during other months. DF -laser absorp-
tion coefficients agreed well with previous coastal measurements once aerosol effects were removed.
Predictions of DF laser transmission using HITRAN calculations and a Burch [12] water-vapor contin-
uum for the conditions at WSMR show less absorption on the average (-0.006 km-) than the experi-
mentally measured values but this small difference is not particularly significant when compared to the
experimental uncertainty in the measured extinction values.
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Appendix A

METEOROLOGICAL DATA

During the experiment, meteorological measurements were obtained with two measurement sys-
tems, each located at opposite ends of the 6.4-km propagation path. The data are presented here for
each measurement site and for each day, tabulated in 10-min averages, followed by plots of solar radia-
tion, windspeed, and CN$ vs measurement time. The units of each measured quantity are given in the
appropriate column headings, except for CN2, which is given in units of m-2 /3 .

Figures Al-A16 contain plots of solar radiation, windspeed, and CQ monitored at the transmitter
and reciever meterological stations.
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NRL-IMORL TRANSMITTER

WSMR MICR.METErP~llLMGCAL DATA

7 AUGUST 1978

TIME AT PPH2C RH BP SR' WS Wo CNSQ

(DEG) (TORR) C'.) (MBAR) (W/SQ M) (M/S) (DEG)

920 23.2 0.35 48.5 895.2 (.74 2.6 107. 1.97E-14
930 23.4 0.31 47.7 895.1 C.7R 2.7 148. 1.66E-14
940 23.9 0.35 46.6 895.0 i,.l83 2*2 123. 1.69E-14
950 24.3 0.29 45.3 895.1 .. 87 2.2 127. 1.99E-14

1000 24.9 0.23 43.4 895.1 U.9 1 1.3 97. 2.33E-14
1010 25.3 P.17 42.D 895.1 i..96 1.8 100. 2.82E-14
1020 25.7 0.06 40.6 895.0 3.99 1.2 173. 3.84E-14
1030 26.9 0.13 38. ) 895.0 1.J3 1.6 69. 1.14E-13
1040 26.5 9.93 38.1 895.0 1.07 1.3 139. 8.71E-14
1050 26.8 0.02 37.9 895.0 1.10 1.6 127. 3.42E-14
1100 26.7 9.80 37.3 895.0 1.13 1.9 97. 2.60E-14
1 11 28.C 9.68 34.1 894.8 1.16 1.5 98. 8.37E-14
1120 28.2 9.61 33.6 894.8 1.19 1.2 72. 8.42E-14
1130 28.7 9.61 32.5 894.8 1.21 1.8 112. 8.1BE-14
1140 28.3 9.56 33.2 894.7 1.24 1.9 92. 4.74E-14
1150 28.7 9.49 32.1 894.7 1.26 1.4 187. 7.57E-14
1200 28.8 9.32 31.4 894.5 1.28 2.5 147. 5.12E-14
1210 29.0 9.28 3C.9 894.4 1.29 2.6 203. 6.8DE-14
1220 29.3 9.19 30.1 894.3 1.31 1.3 207. 9.20E-14
1230 29.5 9.19 29.7 894.3 1.32 1.3 222. 7.10E-14
1240 29.8 9.11 29.0 894.0 1.32 1.9 174. 8.81E-14
1250 3t.4 9.12 28.1 893.8 1.33 1.5 229. 1.36E-13
1300 30.1 9.17 28.6 893.7 1.34 2.4 143. 5.30E-14
1310 30.3 8.94 27.6 893.5 1.34 2.4 168. 6.08E-14
1320 3t.5 8.85 27.D 893.5 1.34 2.7 146. 6.36E-14
1330 3C.7 8.74 26.4 893.4 1.34 2.0 156. 5.38E-14
1340 31.1 8.68 25.6 893.2 1.34 2.0 187. 6.54E-14
1350 32.* 8.47 23.8 893.2 1.32 2.3 127. 9.21E-14
1400 31.3 8.18 23.9 893.0 1.32 2.6 175. 4.75E-14
1410 31.8 8.08 23.0 892.9 1.30 1.7 69. 7.93E-14
1420 32.3 7.93 21.9 892.7 1.29 2.2 110. 8.70E-14
1430 32.3 7.50 20.7 892.6 1.28 2.1 201. 8.78E-14
1440 33.r~ 7.70 20.5 892.4 1.26 2.0 235. 8.98E-14
1450 32.9 7.84 20.9 892.2 1.24 3.8 182. 1.16E-13
1500 32.8 7.62 2C.6 892.1 1.22 4.0- 168. 7.41E-14
1510 32.4 7.57 20.8 892.0 1.19 2.9 152. 6.02E-14
1520 33.4 7.55 19.6 891.8 1.17 2.7 152. 8.16E-14
1530 32.9 7.43 19.9 891.5 1.14 2.0 196. 3.23E-14
1540 33.2 7.36 19.4 891.4 1.11 2.8 203.
1550 33.1 7.34 19.4 891.2 1.;'8 5.4 149.
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NRL-IMIRL TRANSMITTER

WSMR MICROMETEdCRLOIGICAL DATA

7 AUGUST 1978

AT PPH2t RH SR ' WS WO

(DEG) (T(RR) (M) (MBAR) (W/SQ M) (M/S)

7.37 19.8
7.37 19.2
7.29 18.9
7.24 19.3

TIME

1600
1610
1620
1 630

3 2. 8
33.4
33.5
32 .9

CNSQ

891.1
8 9 1. 0
89D . 9
890. 9

1.04
1.01
0.97
O . 93

(DEG)

130.
2G8 .
163.
1 3 8.

3.0
2.9
4.5
2.7

0
0i 

F)

O

0

F
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Fig. A-I - Solar radiation, windspeed, and CN at the optical transmitter
meteorological station on 7 August 1978
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL-IMt1RL TRANSMITTER

WSMR MTCRIMETEIRILIGICAL DATA

8 AUGUST 1978

TIME AT PPH21 RH BP SR' WS wn CNSQ

(DEG) (T7RR) (M) (MBAR) (W/SQ M) (M/S) CDEG)

910 2f.7 2.15 66.5 894.5 0.32 3.1 323. 7.26E-15
920 2r,.9 2.19 65.8 894.5 C.39- 3.3 322. 1.02E-14
930 21.3 2.34 65.2 894.5 0.42 2.9 323. 1.29E-14
940 21.4 2.18 63.6 894.5 0.47 3.2 324. 1.13E-14
950 21.7 2%3u 63.2 894.5 j.55 2.8 318. 1.45E-14
1000 22.0 2.4) 62.4 894.5 0.63 2.7 318. 1.C9E-14
1010 22.4 2.65 62.5 894.5 0.45 2.9 324. 1.75E-14
1020 22.7 2.28 59.3 894.5 i,. 8 8 2.7 322. 1.48F-14
1030 23.5 2.25 56.3 894.5 1.07 2.4 316. 2.76E-14
1040 23.9 1.87 53.4 894.5 0.8 ', 2.5 323. 2.30E-14
1050 24.3 1.60 50.8 894.5 U.89 2.1 241. 2.59E-14
1100 24.5 1.27 48.9 894.5 'J.76 2.4 281. 1.61E-14
1110 25.2 1.29 46.9 894.5 0.82 j.9 174. 8.C1E-14
1120 25.3 0.84 44.7 894.5 0.90 1.1 156. 3.50E-14
1130 25.3 0.97 45.5 894.5 D.92 1.2 208. 2.14E-14
1140 25.6 1.30 46.0 894.4 1.12 1.8 228. 5.87E-14
1150 25.7 1.38 45.8 894.1 1 .1 r 2.1 215. 4.91E-14
1200 26.1 1.41 45.0 894.1 1.33 2.1 219. 5.46E-14
1210 26.2 1.33 44.4 894.1 1.27 1.8 2G1. 4.14E-14
1220 26.5 1.42 43.9 894.0 1.20 1.5 180. 5.23E-14
1230 26.9 1.48 43.3 893.9 1.16 1.8 175. 6.95E-14
1240 26.8 1.34 42.9 893.8 1.21 2.2 176. 4.82E-14
1250 27.5 1.43 41.4 893.7 1.21 1.8 221. 9.43E-14
1300 27.4 1.31 41.2 893.4 1.28 2.0 226. 7.86E-14
1310 27.9 1.22 39.8 893.2 1.26 1.3 250. 1.C2E-13
1320 27.8 0.97 39.2 893.2 1.22 2.5 132. 1.19E-13
1330 28.2 C.58 36.9 893.t 1.21 1.9 256. 8.72E-14
1340 28.4 0.41 35.9 892.9 1.25 1.? 256. 8.46E-14
1350 29.2 0.54 34.6 892.7 1.25 1.1 195. 9.54E-14
1400 29.3 0.42 34.2 892.6 1.26 1.6 175. 8.67E-14
1410 29.5 0.44 33.8 892.,4 1.25 1.4 272. 1.07E-13
1420 30.1 0.33 32.4 892.2 1.24 1.8 124. 1.04E-13
1430 30.G r .69 33.6 891.9 1.26 2*6 78. 7.02E-14
1440 29.2 0.76 35.5 891.9 0.28 2.2 112. 2.76E-14
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Fig. A-2 - Solar radiation, windspeed, and CN at the optical transmitter
meteorological station on 8 August 1978
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL-IMORL TRANSMITTER

WSMR MICRIMETE CRML IGICAL DATA

1? AUGUST 1978

TIME AT PPH2O RH i P SR' WS WD CNSQ

(DEG) (TORR) (M) (MeAP) (W/SQ M) (M/S) (DEG)

900 21.0 1.22 60.1 893.7 C.59 3.0 318. 1.80E-14
910 21.5 1.13 58.0 893.7 0.63 2.6 3,2. 1.40E-14
920 22.2 0.97 54.5 893.7 iu.68 2.4 258. 1.76E-14
930 22.9 1.04 52.8 893.7 0.72 2.4 300. 2.63E-14
940 23.3 0.83 50.5 893.7 G..76 2.4 359. 1.88E-14
950 23.8 0.74 48.4 893.7 0.8c. 2.2 226. 2.76E-14
1000 24.4 0.73 46.8 893.7 0.84 2.3 299. 3.58E-14
1010 24.8 0.33 44.1 893.7 0.88 1.6 171. 3.21E-14
1020 25.2 0.05 41.8 893.8 0.91 i.1 127. 6.27E-14
1030 25.4 0.08 41.9 893.8 0.93 1.6 199. 3.92E-14
1040 25.5 0.13 41.3 893.8 '.96 1.8 202. 4.79E-14
1050 26.2 0.27 40.3 893.7 1.00 1.2 268. 5.55E-14
1100 26.5 0.34 39.8 893.7 1.03 1.4 106. 8.92E-14
1110 27.Q 0.22 38.3 893.6 1.06 1.1 80. 1.14E-13
1120 26.9 0.14 38.2 893.5 1.10r 1.4 262. 5.94E-14
1130 27.2 0.01 36.9 893.5 1.13 1.6 221. 7.97E-14
1140 27.7 9.75 34.9 893.4 1.16 1.9 259. 9.47E-14
1150 28.2 9.68 33.7 893.2 1.18 1.5 238. 9.35E-14
1200 28.6 9.46 32.2 893.1 1.2G 1.9 280. 9.98E-14
1210 28.5 9.20 31.6 893.0 1.25 1.8 178. 7.92E-14
1220 28.7 9.19 31.1 892.8 1.27 1.4 131. 9.37E-14
1230 29.2 9.01 29.6 892.7 1.28 2.0 98. 1.07E-13
1240 29.9 8.95 28.4 892.6 1.24 3.J 86. 1.16E-13
1250 28.7 8.39 28.4 892.2 1.02 2.3 98. 5.65E-14
1300 29.f 8.23 27.3 892.2 1.31 2.0 208. 8.16E-14
1310 29.6 8.34 26.8 892.0 1.30 2.6 243. 8.30E-14
1320 29.9 8.38 26.5 891.7 1.29 1.7 246. l.o9E-13
1330 29.8 8.31 26.5 891.6 1.36 2.8 174. 1.02E-13
1340 29.7 8.22 26.3 891.4 1.30 2.7 196. 9.20E-14
1350 29.9 8.06 25.5 891.3 1.33 2.2 250. 1.14E-13
1400 29.9 7.92 25.1 891.2 1.29 1.6 148. 5.53E-14
1410 30.1 7.45 23.2 891.0 1.22 3.2 110. 7.29F-14
1420 30.2 7.39 22.9 890.9 1.24 2.6 110. 6.30E-14
1430 3t'.1 7.42 23.2 890.7 1.24 2.4 267. 5.18E-14
1440 30.9 7.44 22.2 890.5 1.21 3.0 250. 8.35E-14
1450 30.6 7.34 22.3 890.2 1.20. 3.2 169. 5.93E-14
1500 31.J. 7.2Z 21.4 895.1 1.19 3.3 211. 1.CDSE-13
1510 31.1 7.13 21.1 890.0 1.17 2.1 214. 6.94E-14
1520 31.3 7.12 2n.9 889.9 1.14 2.0 213. 9.84E-14
1530 31.7 7.59 21.7 889.8 1.11 1.5 185. 7.78E-14
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NRL-IMORL TRANSMITTER

WSMR MTCR17METECIR(¶LGICAL DATA

12' AUGUST 19 fl3

AT PPH2J RH

31.8
31.4
31.4
32.2
31. 4
31.7
31.8
31.6
3 1. 5

6.97
6 .9
6.83
6.7R
6.71
6.80
6 - 82
6*84
6.79

19.8
2Ct.1

19.8
18.9
19.6
19.4
19.5
1 9. 7

19.7

BP

889 .5
889. 3
989 * 3
889 .2
889. )
8 8 8. 7
8 6 8 . 6
888. 6
888 * 6

SR,

1. U7

e'.9R
U .92

C .89
0.86
i . 89
C .75

WS WD

2-2
1.9
1.5
3. 1
3.3
2 .0
4 . 0
3. 3

2.6

70 .
1 5 5.
170.
119.
153.
205 .
1 44
147.
166.

CNSQ

6.C4 E-14
6.45E-14
5.30E-14
6.9 7E-14
4.22E-14
4.4 3E-14
4.55E-14
4.29E-14
3.05E-14

1000 1200 1400

TIME

I I I
1600 1800 2000

Fig. A-3 - Solar radiation, windspeed, and C2 at the optical transmitter
meteorological station on 10 August 1978
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NPL-IMNRL TRANSMITTER

WSMR MTCRlMETEfRmLi1GICAL DATA

11 AUGUST 1978

AT PPH23 RH SR' WS WD

(DEG) (T6RR) CM) (M8AR) (W/SQ M) WM/S)

1.56 57.c
1. 53 56 .5
1.52 54.8
1.6v 54.4
1.63 54.3
1.74 53.1
1.79 51.7
1.79 51.3
1.80 5 .4
1.83 49.5
1.83 48.8
1.83 47.1
1.87 46.3
1.87 44.5
1.70 4 3.9
1.51 42.0
1.05 40.2
1.41 4r .6
1.39 38.7
1.13 36.;7
0.84 35.5
0 .97 35.1
0.87 33.6
0.47 32.2
0.59 31.3
r.36 3r'.2
9.96 29.5
9.72 28.1
9.75 27.6
9.39 25.9
9.12 25.3
9.25 24.8
9.26 24.9
8.81 23.1
8.39 21.9
8.38 21.7
8.44 22. 8
8.44 21.6

8.18 21.6

890 .7

89J.9
8 9 i 9
893 * 9
890 . 9
8 9 1. 1
891.1
891.1
8 9 1. 1
8 91. C
891 .0
8 9 U * 9890.9
893. 7
890 * 4
890 .7
8 90 * 7

89) . 6
8 9L .6
890. 4
890 . 3
8 9 L-p . 2
8 90 .1
890 . 1
890 * 1890 .
889.9
8 8 9 . 6
889. 6
889. 6
8 89 .4

889. 3
8 89. 1
889.1

8 8 8.

8 88- 6

C .45

O . 5 0

U *5 5

0.64
0.69
0 .7 4
0.78

0.81
O *85

.8 9
G.92
0 .95

u *98
1.u2
1.05
1. 0 8
1. 1
I 1 4

1. 1 7
1.19
1.21
1.23
1.25
1.26
1.27
1.29
1.30
1.31
1.21
0.86
1. 36
1.41
1.42
1 39

1.33
1.30
1.29

1. 24

3.9
3.5
4. )
3.9
3.2
3.4
3-3
3.7
2.8
2.9
3.1
2.6
3.3
3 .4
2.9
2.2
3.4
1.5
1.6
1.9
0.9

1.6
1.1
2.0
1.3
3.0
2.1
0.8R
L *9
1.2
1.4
0.8
1.4
1. 1
1.8
1.8
1.8R
1.8

158.
160.
1 69.
174.
164.
175.
175.
175.
170.

164.
155.
163.
151.
123.
139.
163.
I 1 4.

18.
18.
18.
18.

1 .06E-14

1.04E-14
I.75E-14
2.25E-14
1. 88E-14
2.95E-14
3. 54E-14
3.1 1E-14
3.68E-14
4.04E-14
3.70E-14
5.22E-14
4.36E-14
7 .2 1E-14
4.29E-14
5.78E-14
5.42E-14
3.72E-14
5.96E-14
1.18E-13
4.49E-14
5. 86E-14
1.29E-13
5.97E-14
1.71E-13
1.35E-13
1.22E-13
1.04E-13
1.29E-1 3
9.93E-14
5.73E-14
2.31E -13
1.18E-13
1*26E-13
1. IE-1 3
9. 34E-14
4.74E-14

1.8 18. 6.24E-14

40

TIME CNSQ

(DEG)

830
840
850
90G
910
920
930
940
950

1000
10 10
1020
1030
1040
1050
110
1110
1120
1130
1140
1150
1200
1210
1220
1230
1240
1250
1310
1310
1320
1330
134D
1350
1400
14 10
1420
1430
1440
1450
1500

22.2
22.4
22.9
23.2
23.3
23.8
24.3
24.4
24 .7
25.1
25.3
25 * 9
26. 3
27.0
26 * 9
27.4
27 .5
27. 9
28.7
29. 5
29. 3
29 .7
3D *3

31* .4

3 1. 1
31 . 3

3 1. 1
31.5
3 1. 9
32 .4
32 .2
32.. 9
32.8
3 3. 3
1 3 3 4
3 3. 5
32.7
33.7
33 .7
3 3. 1



NRL REPORT 8422

NRL-IMtIL TRAINSIITTER

WSMR MICR3METEOR.LI (GIC4L DATA

11 AUGUST 1978

AT PPH2C RH EP SR' Ws WID

(DEG) (TURR) (%) (MBAR) (W/SQ M) (M/S)

8.18 21.1
8.29 2C.6
8.19 21.2.
8.37 21.6
8.13 21.1

888.6
888.5
888 . 4
888. 6
888. 1

I.2C
1 . I 801.1 8
1. 1 9
1 .1 3

1 .9

1. 9
1.9
2. 1
1.9

19.
19.
1 9.

21.
19.

6.93E-14
1. 1bE-13
7. 75E-14
1.09E-13
5. 88E-14

In

a: CZ
In O
az

-o

In

, Ca 

1CZ
I nuD

IB00 2000
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33 3* 5
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3 3 *56
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Fig. A-4 - Solar radiation, windspeed, and Ch at the optical transmitter
meteorological station on 11 August 1978
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL-IMORL TRANSMITTER

WSMR MICRIMETEURILR-GIC4L

14 AUGUST

DATA

1 978

AT PPH2l RI BP Sp -

(DEG) (TMRR) M) (MBAR) (W/SQ M)

wS wI

(M/S) (DEG)

5.7 8E-1 5
1. 3 7 E - 1 4
6.67E-14
1.76E-14
3.04E-14
3.42E-14
3.05E-14
3. 36E-14
2.78E-14
3.54E-14
4.39E-14
4.49E-14
4.28E-14
3.61E-14
3.95E-14
5.79E-14

TIME CNSQ

840
850
9CO
910
920
930
940
950

1000
10 10
1020
1030
1040
1050
1100
11 10

2 5. 8
26.5
27.1
27 . 5
28 . 0
28.5
28.8
29 . 1
29.4
29.5
29.8
30.0
30 . 1
30 . 2
3C .5
30 .9

9.00
8 .95
8.89
8. 80
8 .72
8.65
8 .58
8 .43
8.40
8 .40
8.46
8.43
8.43
8. 3
8 o 34
8.29

36.2
34.5
33.C
31.9

29.6
29.0
28 . V
27.4
27.2
26.9
26. 5
26.4
26.1
25. 5
24.8

8 90 * 9
890 * 9
89L .9
890.9
890.-9
890 * 9
890. 9
890 .8
892 * 7
890.7
89 '.7
890 . 7
890 .7

890* 7
89G . 7

c! . 5 '
C .55

O . 5 9
0.*65
C . 7 1

2 * 76
0 .83
O . ? 8
0. 69
0 .99
0.87
1 . ' 2
0.*83
O . 8 8

I . 1 3

1.4
1.3
1 .0
1.6
2.5
3.4
3.2
3.3
3.4
3 .5
3.8
3. 6

3.2
2.5
3. 1

3.1

340.
3 1 1.

243 .
129.
208 .
311.
332.
178.
316.
255 .
312.
276.
293 .
283.
265.
135.

42
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N L- 1Mt'fP.L REC IE V9.

WSMR MTCh 'ME l'klF~ L ClitlC L D ATA

14 ALIUUST

M.

19 7 I

AT PPH21 PH fi P SR ' WS w 3

(DEG) (TOR9) (C ) (M',iAR ) (W/S) M) (M/S) (DEG)

29.4
28.7
29.8.
30 *7
3i 9
31.7
31.7
31 . 8
32 .(
3 2 .6
32.4
3 2 . 8
32. 8
323. 233.2
32.9
33.2
33.7
34 . 5
34.3
35 * 2
34.7
35 .9
35.4

35 * 
35 .8
35-6
36 . 1
36.2
35. 8
35 .6
36 . 2
36. 1
35.9
35 .8
36. 1
3 5 . 3
35.4
3 5 . 4-7y

4 *79
5 .23
4.65
4.21
4.0 3
3.83
3. 8 2
3. 78
3 .84
3 * 9
4.994
4 .n42

4 * 5

4.62
4.94
4 .75
4 * 74
4 99
5.0 3
5.43
5.29
5.43
5.89
5.74
5 . 7 i
5*97
5.87
5.9'3
5. 99
6.35
6, .25
6 . 89
6.06
6.1)6

6 .t04
6. 1 2

6 . 2 3
6.3I
6 . 4 2'
6. 4 3

15.6
17.7
14.8
12.7
1 2. 7

10 .6
1 1. 2

1 2. 1
1 2. 2
1 3.1 

1 2. 5
12.2
1 2. 3
12.5
12.21 2 .3

1 2 .8
1 2. 9
12.4
13.8
13.7
1 3. 4
1 3. 3
13.5
1 3. 7
1 3. 5
14.2
14.3
14.1
1 3. 6
13.7
13.8
14 .r
1 4.
1 4 . d
1 5. n

14.8

1.~ S 

1. .S 2
1 .1 3
1.18a
1 .L2

1.27
1. 3 2

1.381 4 32
1.42
1.4 6
1.4 
i* 5 i
1. 5 3
1.59
1. 5 9
1.59
i .6 
1 6.
1.63
1.63
1. 62
1.6?
1.63
1. 6 2
1.62
1 .61
1 6 66
1.64
1.63
1.59
1 . 4 71.47
1 . 3

1. 1 7

1.7 1.17i 

I .39
1.i
:1 .7 &

4.8
1.6
1. 1

7
'J.9

.9
1. I
1.4
1.5
1.2
1. 5
1. 6

1.8
1.9
1.6
2 . 2
3.8
2-2
6 U
2.8
5 5
6.9
3. 2
4. 5
6 6
5.8
5.8
7.1

5 5
5.S
4 3
6.9
6 7
5.3
5 .4

6.2
5 5
5 6

1 4 3.

1 7 1.
182.
? 36.
225.
121.
1 4 1.
2)9.
2&2 .
143.

87.
15(3.
249.
117.
64 .

157.

2 5 27.

261.
209 .
748.
18 3.
274-
2 4 1.
252.
244.
24 73.
241.
2328.
216.
210.
228 .

773 3 .

232 .
211.

182.
233.-
235.
249.-
252.
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TIME C N SQ

950
940

1000
1010
1020
103G
1040
1050
1 co
1110
1120
1 130
1140
11 5 0
1200
1210
1220
1 2 30
1240
1250
1300
1310
1320
1330
134C
13 5C:

1400
1410
1420
143D
1440
1450
1500
1510
1520
1530
1540
1550
1600
1610



HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

*S~R MTCA~%'i'U[T- I L REFC I.- V' r

WSMIR MIRi1'lT{9~5Ih.r ATA

14 AUGUST 19 7 (

AT PPH2 1 RH

3 6 . 4
36.4
36 .2
35 . 9
36.1
36.2
36 . 2
36.1
3 5 . 9
36 .r,
35 .6
3 5 - 7
35.7
35 .4
35.2

34 . 7
34 . 5
.34 .1
34 . I;
3 3. 7
33. 3
32. 7
32.r
3 1. 5
31 .(.
3 n , 8
3. . 3

30 . 2

3 0 * 1
3'i .4

6. 59
6.62
6.45
6.42
6.39
6.38
6 - 37
6. 2 9
6. 3 7
6 . 32
6.32
6.22
6 .22
6.19
6.21
6. 1 
6 . 16
6.14
6.13
6.1.1
6. n 5
5.99
5.95
5.92
5. 8
5-82
5 .71
5.74
5 . 8 3
5 .88
5 .r'3

14 . 6
14.7
14.5
14.6
14.4
1 4. 3
1 4. 3
1 4. 2

1 4. 5

1 4. 3

14.6
14.3
14.3
14 . 4

14.7
14.6
1 5 .;115.1
15.3
15.4
1 5. 5

15.7'
16.1
1 6. 6
17 * o
17.3
17.1
17.7
1 8. 1
18.3
18.2

i6 P Ws Wo

(M/S) (DEG)

1.37
1 .2

1.2?

1 . I. -

1.;j 1

U * 9 i.

u 84

C *78
3. 73

C * 68
C . 6 3

', .5 1
U 38
h * 37

.3 5
3. 33

C; . 3 1
g.2 1?

0 * 2')28
.2 8

W *29

C * 2 )
f. 9~. . L9
1U .29

i, . 2'S
2 9* 2

7 * <
6 48

7 . I
.6.5
5 . 9
rz 0a

6.2
7.2
7. 5
5 . J
6 .4
5 * 3
6.9
6 * 9
6.6

5.7

6 .4
k . 5

5 .8
6.2

5-0
4. 4
4.0
3. 9

6 . 2
5 * 6

3.8
3 , 9

3 * 5

233.
232 2
224 4

3 6.
21 3.
231 
? 1 5

238.
2 4 6.
2 8.
226 .
2 1 6.
220 .
213.
220 .
2 1 9.
23' .
2 1 9
217.
219.
2 1 8.
216.
215.
2 1 6.

222 2
217.
2 1 4.
223.
22t -.
240 .
244.
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CN SQTIME

1620
1630
1640
1650
170 0
1710
1720
1730
1740
17 50
1800
1810
1820
1830
1840
1850
19C C
1910
1920
1930
1940
1950
2000
2010
202G
20 30
2040
2050
2100
2110
2120

S R '

(DP G ) (TIR f") (To ) (Mf;� AP.) (W/S', M )



NRL REPORT 8422

NRL-IM('$RL TRtNJSMITTFfR

WSMR MlCkCJMFT5,¶R9Li21C.WL DATA

1 5 AUG US T 1 978

TIME AT PPH2( R. H 'P SX WS WD CNSQ

(DEG,) (TrYRR) Mt (MiIAR) (W/S59 m) (M/S) (DEG)

840 22.1 4.25 21.2 891.9 1.54 6.3 335. 9.12E-15
850 22.4 4.32 21.? 891.9 ').5P 5.2 347. 1.(2E-14
900 23.1 4.38 20.6 892) L .64 5.4 347. 1.31.-14
910 23.9 4.37 19.7 892.1 j.69 5.6 345. 1.54E-14
920 24.8 4.36 18.6 892.2 0.74 5.0 343. 1.39E-14
930 25.7 4.27 17.3 892.2 ,J.78 5.4 336. 1.54E-14
94C 26.3 4.22 16.5 892.? 6.82 5.3 332. 1.64'-14
950 26.9 4.16 15.7 892.2 0.36 4.8 333. 1.86E-14

1000 27.4 4.09 15.0 892.2 ;.? 4.7 340!. 3.335-14
1010 27.7 4.05 14.5 892.2 ri.93 4.1 342. 3.27.-14
1020 28.3 4.03 13.9 892.3 i.'.97 4.0 333. 4.63E-14
1030 28.6 3.87 13.2 892.4 1.lu 3.9 313. 3.68E-14
1040 28.7 4.12 14. 892.4 1.;)I3 3.0 314. 4.36E-14
1050 29.3 4.24 13.9 892.4 1 '6 2.7 271. 4.33E-14
1100 29.7 4.33 13.7 892.4 1.1. 2.8 312. 6.41E-14
iliC 3r.(' 4.37 13.8 892.4 1.13 2.1 243. 4.77E-14
1120 30.2 4.44 13.8 892.4 1.17 2.7 174. 4.26E-14
1130 3r.5 4.54 13.9 802.4 1.2ti 2.0 257. 5.91E-14
1140 3r.7 4.66 14.1 892.4 1.23 2.5 196. 6.83E-14
1150 3n .9 4.73 14.2 892.4 1.2'5 2.9 124. 6.11E-14
1200 31.1 4.78 14.1 892.2 1.26 2.6 188. 6.44E-14
1210 31.4 4.88 14.2 892.1 1.28 2.8 103. 5.93E-14
1220 31.7 4.88 13.9 691.9 1.28 2.2 74. 6.85E-14
1230 32.1 4.86 13.6 891.9 1.31 2.2 242. 7.29E-14
1240 31.9 4.88 13.8 891.7 1.33 2.4 101. 3.98E-14
1250 32.8 4.9J 13.2 891.6 1.34 1.5 144. 7.625-14
1300 33.1 4.86 12.9 891.5 1.34 1.8 220. 1.07E-13
1310 32.7 4.92 13.3 891.4 1.34 2.1 116. 3.68E-14
1320 33.2 4.92 13.' 891.2 1.35 2.4 160. 6.72E-14
1330 33.2 4.94 13." 891.2 1.35 2.9 174. 5.86E-14
1340 33.6 4.90 12.7 891.I 1.35 1.9 2 7. 6.97E-14
1350 33.6 4.92 12.7 891.ij 1.33 1.9 242. 7.39E-14
1400 34.4 5.23 12.9 89; .9 1.32 3.2 178. 1.fl5E-13
141u 34.6 5.49 13.4 390.7 1.31 3.1 222. 1.02E-13
1420 3S.1 5-59 13.3 89,.!.6 1.31 3.6 187. 1.2CE-13
1430 34.7 5.7J 13.9 89,..6 l'.32 3.i 232. 6.86E-14
1440 35.4 5.88 13.8 8c0.4 1.2'1 3.9 2U1. 1.34E-13
145G 35.1 5.91 14.1 8 94.2 1.2'' 3.1 184. 7.25E-14
15 C, 3r,.7 6. 56 1 5. 1 89C L 1. 23 6. 3 254. 1. 25E-1 3

1510 35.3 6.36 15.2 889.9 1.2' 3.6 266. 1.02E-13
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL-IMJRL TR4NS"'ITTER

WSMR MTCR0METr-(1Rl3Lc,1CtaL DATA

15 AUGUST

AT PP H2 I R H 'I P

I 971

' S WD CNSQ

(DE(,) (TORR) (%) (MBAR) (W/S;i) M') (M/S) (DEG)

I . 1 7

1. 1 4

1. -' e

1 * .)
I . 9 i

5 .5
4.1
4.6
5. 1
5 .3

4.2
3.2

239.
244.
?49.
253.
251.
?45.
232.

1 . 39E-1 3
1 . 2 5 F - 1 3

1.8E-13
9.76E-1 4
I .r 5E-13
9.87E-14
9. 26E-14

I T 

10o00 1200 1400
*TIME

1600 1800 2000

Fig. A-S - Solar radiation, windspeed, and CN at the optical transmitter
meteorological station on 15 August 1978
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TIME

1520
1 5 30
1540
1550
1600
161U
1620

35 . 7
35 .8
3 5 8
36. 
3 5. 9
3 5. 7

35 .8

6 * 44
6.26
6 .14
6. 1 36.Z3
6.32
6 502
5 *9 7

14. 8
1 4 . 3

1 4.1
1 3.7
13.8
1 3. 3
13 . 7

889. Q
889.9
89. 7

889. 6
8P89 . 6
8 8 9. 6
389. 5

D

InIn-

n
C-

In-
F -

Z
U

C-

800

_, o0
In
In

z~ M

N.

0

0 o

m ro-

ur

m

CDo
In

! 

aa

In
N1.

IZn(D -

Li
Li

0~I n

z
3Z

-0



NRL REPORT 8422

N L-I MIR.L TRANS9MITTER

WSMR MlCRn'MFT(lR0L'CflICSL DATA

16 AUGUST 1978

TIME AT PPH2r R-I 8 p SR WS WD CNS

(DEG) (TORR) (%) (MBAR) (W/S) M) (M/S) (DES)

200C 33.4 6.22 16.2 888.3 W.it, 4. 236.. 5.10 3E-15
201C 33.2 6.15 16.2 888.3 C.Jf 4.4 232. 8.11E-15
2020 32.8 6.10) 16.5 888.3 u .J0, 44) 231. 8.97E-15
2030 32.6 6.09 16.5 888.4 God! 4.3 233. 9.C 6E-15
2040 32.3 6.09 16.8 888.4 0.5 f. 3.9 235. 1.25E-14
2050 32.C 6.C9 17.2 888.4 (.iu' 3.7 233. 1.55E-14
2100 31.1 6*07 17.9 888.6 l 4 ) 'C 3.2 241. 1.99E-14
2110 31.-1 6.1 18.1 88b.6 0.; 3.6 239. 2.15E-14
2120 3('.8 6.14 18.4 8 98.6 v r) 3.6 246. 2.22E-14
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

flRL-IMIPRL TRANSM1TTT&R

WSMR ?41CRtlMET-fJR5L''GICtL JATA

17 AUGUST 1978

TIME AT PPH2m PH 8P SW' Ws WD CNSQ

(iJEG) (TORR) (') (M¶AP.) (W/SQ M) (M/S) (DEG)

1120 33.8 7.35 18.7 991.2 1.16 5.2 268. 1.58E-14
1130 34.* 7.14 18.1 891.1 1.19 4.2 248. 1.73E-14
1140 33.9 7.29 18.5 891.1 1.22 4.0) 278. 8.65E-14
1150 34.5 7.47 18.4 89il.9 1.24 6.7 263. 1.(02E-13
120U 34.? 7.49 18.7 890s'.9 1.2b 6.1 29'. 8.99E-14
1210 3 4.5 7.52 18.5 8 912.8 1. 2 8 6.2 277. 1.15E-13
1220 34.4 7.52 18.5 89n;.6 1.3r 6*6 284. 1.12 E-13
1230 34.7 7.48 18.2 89J.6 1.31 6.6 272. 1.o5E-13
1240 34.4 7.36 18.1 89!.5 1.32 6.4 288. 1.21E-13
1250 34.o 7.34 17.9 890.4 1.33 5.2 284. 1.C3E-13
1300 34.6 7.31 17.8 89G.2 1.33 6.8 270. 1.02E-13
1310 35.3 7.38 17.4 R9U.1 1.33 7.2 263. 1.26E-13
1320 35.3 7.39 17.4 8 0,.1 1.33 6.3 267. 1.22E-13
1330 35.4 7.54 17.6 889.9 1.34 6.0 26n. 1.54E-13
1340 34*9 7 - 5J 1 8 .' 889. 9 1 .33 4. 1 21 2. 9,46E-14
1 3 50 3 5. 5 7.46 1 7. 3 8 89. 6 1 . 2h 6. , 2 3 1 . 1 . 2 3E-1 3
1400 36.1 7.23 16.4 889.3 1.31 7.5 278. 1.09E-13
1410 35.7 7.26 16.7 889.3 1.3 6.2 263. 1.13E-13
1420 35.6 7.33 17.1 889.1 1.30. 4.5 259. 1.l1E-13
1430 36.2 7.36 16.5 88R.9 1.27 6.8 260. 1.35E-13
144C 36.1 7.27 16.3 888.8 1.26 7.7 267. 1.09E-13
1450 36.1 7.33 16.5 888.6 1.1F. 6.8 264. 1.02E-13
1500 36.8 7.35 16.I' 888.3 1.20 8.0 256. 1.32F-13
1510 36.8 7.07 15.3 888.3 1.27 8.1 263. 1.06E-13
1520 37.2 6.98 14.8 888.2 1.08 7.4 251. 1.16E-13
1530 36.6 7.11 15.6 888.1 1.21 5.2 238. 1.1GE-13
1540 37.1 7.02 15.4 888.i. 1.21 6.7 248. 1.37E-13
1550 37.(' 7.0C1 15.1 887.8 1.16 6.8 224. 1.19E-13
1600 37.7 6.99 14.5 887.7 1.13 6.9 24''. 1.20E-13
1610 36.8 7.00 15.2 887.8 C.82 6.8 256. 6.95E-14
1620 36.6 7.06 15.5 887.8 I.:5 7.2 281. 8.37E-14
1630 36.8 7.09 15.4 887.7 0.29 7.9 276. 7.93E-14
1640 36.7 7.08 15.4 897.6 0.91 8.3 260. 7.05E-14
1650 36.? 7.V 5 15.8 887.5 '.hl. 8.9 288. 3.88E-14
1700 36. 6 7. 1 3 1 5. 6 88 7. 4 .75 7.4 262. 4.lSbE-14
171C 36.5 7.16 15.3 887.3 u.71 7.8 27A'. 4.6UE-14
1720 36.3 7.n6 15.7 887.3 5.71 7.5 272. 4.66E-14
1730 36.5 7.fS 1 5. 8$37.-3 0.66 f 3.4 268. 4.13E-14
1740 36.1 7.04 15.8 867.3 U. 3 7.3 253. 3.69E-14
175C 36.4 7.011 15.6 887.3 v.57 6.6 281. 2.99E-14
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NRL REPORT 8422

NRL-IMIRL TRANSMITTER

WSMR MTCR1METE0R3LcdGICAL UATA

!7 AUGUST

AT PPHi" RF1

7 . 0
7.05
7 .* 6
7.16
7.0,7
6.87
6.8u
6.87
7.01
7.26
7.33
7. 5C
7.61
7.73
7.71
7. 71
7.71
7.71

16. "
16. *
16.2
16.7
16.6
16.3
16.4
16.7
17.3
1 8. 3

1 8.9
1 9. 7
2r .5
2C . 6
2" . 9
2 2 .5
21.4
2 2. 1

b P

(MBAR)

8 87 * 3
8 8 7. 3
887.3
8387 3
887.3
887 .2
8 87 . 3
887.4
887. 4
887. 5
887.6
887. 6
887.8
887 .*3
887. 8
897. 8
8 38. U

8 8 8.1

I ') 7 8

SR.^

(W/54. ftP)

*34
ii 4 4

u. 3P
C' * 34
u * 29

*24
C .17

u . 14

o * 1$434
U.*) I

C * S .'

I. * h '

WS WID

(M/S)

7.4
7.4
7.9
6.7
8 J4

8-4
7. 1

6.2
6 .8
6.4
5 .2
5. 7
4.5
5 .5

4.6
5 . c
4. 3
3.9

(DEG )
2 84 .
762 .
268.
2 9J .
2 79.
292.
290 .
7Y7.
282 *
275 .
270.
278.
279.
291.
275.
270 .
265.
254.

'0

En

N5.

zr't

H'
aE:-,0

r-J

0

Ca -

GNSQ

1. 55E-14
1.77rc_-1'4
1. 53E- 14
1.1 3E-14
6. 60E-15
3.46E-1 5
1.40E-15
5. IOE-16
9.47E-1 7
6.69E-16
2.6 7E -1I5
3.1 I E-15
4. 7 E-15
4.97E-15
6. 21E-1 5
6.35E-15
6.67E-15
1.('virE-14

- OD

I_

- (D -

o
L
Li

z:z

-o
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TIME

1800
18 10
1 8 20
183C
1840
1850
1900
19 10
1920
1 930
1940
1950
2000
2010
2020
2030
2040
2050

(DEG)

35.8
'15 . 9
35 .7
35 .4
35 . 3
3 5 . 2
34.9
34 .7
34.4
34 .*
33 .6
3 3. 2
32. 8
33 .t
32 .6
3 1. 3
3 2. 3
31 .6

InIn
:7
Ci

00 1300 1500 1700 1900 2100 2300

TIME

Fig. A-6 - Solar radiation, windspeed, and CN at the optical transmitter
meteorological station on 17 August 1978
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

"'9L-r P t L R EC TrV:

WSM2k MICRIM£TE LkGfUrI.L D' TA

1, AUGUST i97P

AT PPH2f' RH i P SR ' W s WU

(DEG) (TORP) (%) (MBAR) (W/SQI M) (M/S)

1.28E-,3
2.83E-13
1.73E-1 3
1. 7CUE-13
1.25F-13

TIME C N SQ

(DEG)

102C
1030
1040
1050
1100
1110
I 1 20

1130
114G
1150
1200
1210
1 220
1230
1240
1251%
1300
1 310
1320
1 330
1340
1350
1400
1410
1420
1430
1440
1450
1500
1510
1520
1530
1540
1550
160U
1610
1620
1630
1640
1650

3f .9
31. 5
31 .F
31.4
31. 'i
3 2.L
32.2
32 . 5
3 3 1
3 3. 1
32 9
3 3. 1
34 .1*

33.7
34.2
34. 4
34.2
34. 1
34.3
34.7
3 4. 8
34 7
34.9
35 3
35 . 1
35.4
3 5 . 5

35 .5
36.2
35.3
36 * .C
35.4
36 .*
36 *'i
36. 1
36.2
35.8
35.9
36 . 2
35.7

6.41
6 .56
6.68
6. 5 7
6.66
6. 64
6 .55
6 .64
6 .77
6.71
6. 5 1
6 .83
7.V9
7.20
7.15
7. 1 7
6.98
7.08
7.08
7.02
7.23
7 .23
7.0 1

6 .99
6. 89

6.91
7.04
7.09
7. 0 1
6 .83
6 * 50
6.58
6.79
6. 91
6.78
6.91
6 . 91
6 85
6 .84
6.77

19.2

19.1

1 8. 9
18.5
1 8. .9

18.1
17.9
17.8
17.6
1 8. 4)
17.9
18.4
17.9
1 7. 7

17.4
17.7
17.5
1 7. 1

17. 4
17.5
16.8
16.5
16.4
16.1
16.4
16.5
1 5. 7
16. 1
14.7
1 5.4
15.4
15.7
15. 3
1 5. 5

1 5. 8
15.6
15.3
15.6

L. .99

1 4u1. 1 6

1.2 1
1.27
1. 3 1

1.4'
1.44
1.47
1 S; rt

1 .52
1.55
1.5 6

1*5 7
1.5 
1.57
1.58
1.56
1.5 3
1.57
1.57
1 56
1.55
1.53
1 .O1
1.53 
1.45

1 21

144

1.31
1.35
1 .24
1. 36
1.ŽR8
1.12Z

1. 1?^

i! . 94

i .3
2.4
3. 6

3 0 
1.9
1 .8
3. G

1. 5
3.4
1 9

4.1
3.4
3-5
6 3
6.6
5 .9
6. 1
6.8
6.5
6. 1

6.9
6 .7
6.9
7 . 5
6 - 375-

6.9
8. 1
6.56
8.8
7 . 3
8. 4
9.4
9.5

9. 
B. 5

I I 0 .
2 1 5.

233.
2 bi3 3
2 V" 3.

2 8fi 
215.
265.
175.
192.
1 8 7.
183.
2 ( 1.
26'.
2 7 0.

266;.
242.
2z 4 2 

2 5 9.
234.
221.
240.
240.

224.
250.-
250.-
227.-

258.-
254.
27 7 1

267.

272-
268.

2 381 

251.

268 .
273.
260 .

50



NRL REPORT 8422

NR.L-TM 5R L 9EC Ir-E V F

WSMR MICRUMFTEORILOGICAL DATA

17 AUGUST 1978

TIME AT PPH20. RH DiP SR' WS WD CNSQ

(DEG) (TORR) (2) (MBAR) (W/SQ M) (M/S) CDEG)

1700 35.3 6.76 15.9 C.68 8.9 ?68. 5.76E6-14
1710 35-. 6.78 16.2 0.71 8.2 252. 3.93E-14
1720 35.2 6.73 15.9 ti.99 8.1 248. 8.48E-14
1730 35.(f 6.72 16 'i 0.76 8.) 261. 4.66E-14
1740 35.3 6.76 15.9 0.89 6.4 256. 7.55E-14
1750 35.2 6.67 15.7 (.84 9.8 263. 5.72E-14
1800 35.2 6.46 15.3 f,.79 7.0 266. 4.73E-14
18 10 3 5 . i ! 6 .6 5 1 5. 9 U . 7 4 8. 1 2 4 5. 3. 66 E -1 4
1820 34.9 6*7i 16.1 0.69 8.1 257. 2.91E-14
1830 34.9 6.72 16.1 0.64 7.6 246. 2.46E-14
1840 34.9 6.46 15.5 0.59 7.1 251. 1.81E-14
1850 34.6 6.49 15.8 C'.54 6. 253- 1.16E-14
1900 34.4 6.43 15.9 .t.49 6.8 254. 4.94-115
1910 34.2 6.43 16.0 0.45 6.2 257. l.iDE-15
1920 33.9 6.53 16.5 0.41' 5.4 ?58. 2.1UE-16
193D 33.5 6.54 1 7 . ). 34 4.6 251. 1.74E-15
194U 33.1 6.58 1 7.4 J. .33 5.2 241. 6.46E-15
1950 32.7 6.88 18.6 0.32 5.0 256. 9.21E-15
2000 32.2 7.08 19.6 (2.32 4.3 2k6. .1.08E-14
2010 31.7 7.04 20.1 0.32 3.6 252. 1.91E-14
2020 31.7 6.94 19.8 0.32 4.6 257. 1*78E-14
2030 31.7 7.35 21.1 G.32 4.3 266. 1.74E-14
2040 31.6 7.48 21.5 0.32 4.8 261. 2.n3E-14
2050 31.6 7.58 21.8 U.32 5.4 253. 1.81E-14
2100 31.6 7.34 21.2 L.32 5.7 256. 2.05E-14
2120 31.2 7.53 22.1 0.32 5.6 254. 2.35E-14
2130 31.1 7.43 224. 0.32 5.8 254. 1.98E-14
2140 31. .~ 7.34 21.9 0. 32 6.0 258. 2.45E-14
2150 31.( 7.55 22.5 0.32 5.6 259. 2.28E-14
2200 3U.7 7.6, 23.0 U.32 5.6 253. 2.20F-14
2210 30.1 7.86 24.5 j.32 4.8 249. 2.69E-14
2220 30.1 8.03 25.1 0.31 5.) 25n. 2.49E-14
2230 29.7 8.16 26.5 L.31 4.9 256. 2.28E-14
2240 29.5 8.201 26.5 (.31 4.7 260. 2.58E-14
2250 29.9 8.58 27.2 *.3" 6.1 268. 2.*2E-14
2300 29.9 8.61 27.3 0.33 6.2 269. 1.80E-14
2310 29.8 8.47 27.0 0.3ri 6.vU 266. 1.91E-14
2320 29.5 8.45 27.3 0.29 4*. 266. 1.70E-14
2330 28.8 8.6'j 28.9 0 .29 3.8 248. 2.37E-14
2340 28.7 8.92 30.2 U.29 4 4.8 252. 2.33E-14
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NRL- TJM1'SL IR£, CIE V - P

WSMR MIC ,MIE '7f;3OL G !CAL

IO AUGUST 1979
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Fig. A-7 - Solar radiation, windspeed, and CN2 at the optical transmitter

meteorological station on 17 August 1978 (1610 to 1800 h)
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL- rM(iRL TRANSMI TITT R

WSMR MPCR9MFTFI .L^'ICAL DATA

l13 AUGUST 1 47 8

TIME AT PPH27 PH E P SRI WS W) CNSQ)

DCEG) (TIRR) (') (MBAR) (W/S) MA) (M/S) (DES)

930 3".2 9.64 3C.1 891.4 L.76 3.3 321. 1.21E-14
940 3 .1 9 . 6 6 30 . 2 8 9 1 . 4 C.%i- 2 . 8 3 1 9 . 1 . 2 DE-1 4
95& 3¾'.4 9.68 29.8 391.3 l,.R3 2.3 210. 1.42E-14

1000 3f.8 9.69 29.1 891.2 U.87 2.9 197. 1.45E-14
1010 3 *7 9.68 29. 89 1.2 v .9^ 2.5 236. 1.47E-14
102U 3' 9 9.7.7 29.1 891.2 L.94 2.5 137. 2.r.7E-14
103C 31.3 9.74 2 .5 891.3 C..97 2.4 152. 3.90E-14
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NfRL-IMORL 9.ECrTFVF t

WSMR MICR:METEORZ9L('GC.AL UATA

13 AUGUST

AT PP42'~ RP fAP

1 9)7 i

SR I

(DEG) (TIRR) (C0 (MFAR) (W/StJ M) (M/5) (DEG)

8.h4 V.4
8.48 30t.3
8 .4 30.1
8.31 29.2
5.22 18.4
8 25 22 9.7
8.93 32.(
8.89 32.9
9.13 35.3
9.12 36 .
8.89 36.2
9.19 36.2
9.17 36.6
9.15 35.6
9.39 37.3
9.27 37.7
9.11 34.6
8.9 6 33.5
9.15 33.9
9.49. 35.5
9.46 35.8
9.49 36.8
9.57' 37.9
9 .61 38.1
9. 79 39.1
9.7.: 39.5
9.54 42.2
9*44 42.5
9.48 41.3
9.%2 41.4
9.48 4,{.6
9.63 40.3
9.38 37.8
9.52 39.1
9.71 39.8
9.59 38.9
9 .24 45. 5
8.79 46.7
8.88 46.3
9.251 44.)'

0! 2 S

v .2 b

* 2 7
.. 27

2 27

u 2 7

3. 270.*27.2 7
C' 26
C *26
* 26

; 2 6
* 26
i 26

r C ,6
* 2 8

2 .25

. 2 5
U .25

0 25
j 2 5
L 25

*2 5

3.25
C .25

2*25

.2 5
LI*2 5

.2 5

u .2 5

.24
* 24

L 24
.2 4

C;* 24
2 24

.2 * 4
.2 4
2 .24

3.9
3 2

3.8
4. 3
4 4
4 .)
4 *34.3
3 2

2.3
2 2
3.6
r.7
1.1
1.*0l.i
3.6
6 .5

6.8
7. G

6. 1
5 5
4. 4

4 3

4. 3
3.4
1 7
2.2
2 5
1 6
J.6
1.3
2.7
3. 4
3 - 4-

2.0
1.5
1. 1

235.
239.
261.
278.
28 .
295 -
294.
296.
284.
282 2
248 .
1 9 4.

94.
221.
263.
259.
27 9.
274 .
267.
2 6 3.
269 .
264 .
272 .
274-
269.
253.
2 4.
I 90 '
1 82.
146.
22..
265.
278.
263-
273.
2 6 7
1 25.

[ .2.
63.

1 t 9.

3. 35E-14
3.8 2F-14
4.34t-14
2. 31E-14
2. 21E-14
2. 87E- 14
2.C6E-14
2 . 5 4 E - 1 4
2.39F-1 4
2.2 3E-14
7.65E-15
8.0 6F-1 5
2 . 7 7 E - 1 4
9.4 ' E-15
5.24E-1 5
3. 63 F - 14
2.93E-14
2.4U'-14
2.28E-14
1.78E-1 4
2. 14E-14
2.f; 2E-14
1.81F-14
1.75E-14
1. 95E-1 4
2.73E-14
1.8 2t-14
5. 65E-1 4
7.17E-14
3.2 27 - 1 4
6.97E-1 5
7.87Er-15
2.67E-14
4 . 2 6 F-1 4
3. 13E-14
3.86E-14
1.54E-14
1 . 4 6 t - 1 4
8.7 2F-15
9.86Z-15
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320
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440
450
500
510
520
5 30
540
550
60C
610
620
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2 8 *
27 .8
27 9
28.1
27.9
27.7
27-7
27.*2
26.5F
2 6. 1
2 5.5
26.1
2 5.9
26 * 3

2 6. 5
25.6

26 .

27. 9
27.2
27 .G
26.8
26 .4
26 . t
26.7

?57. 9

25.5

2 7 . 2
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2 6 - 9

24.4

2 6 I 5

24.57

25.1

2 5 5 

25.74
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL-TMtORL RkEIClVF-

WSMR MICk;9MEI E ROLUGICAL [DATA

. d AUGUST 1978

TIME AT PPH2 r h,1 BP SR I'VS WD GNSQ

(DEG) (TORk) (C') (M06AR ) (W/S) M) (M/S) (PEG)

640 21.6 9.28 47.9 ti.25 1.5 129. 7.50E-14
650 22.9 9.46 45.1 3.227 1.3 99. I. 31E-14
700 23.6 9.51 43.6 V.3r 1.1 119. 4.42E-14
710 24.3 9.63 42.2 C .33 0.7 63. 8.3UE-16
720 22.6 9.34 45.4 ..37 1.5 4f. 9. f.r6E-15
730 23.7 9.38 42.7 9.41 1.4 67. 1.52E-14
740 23.2 9.17 42.9 .'.46 3.3 59. 7.51E-15
750 23.9 9.26 s1.7 L0.5f 2.9 61. 1.46E-14
800 24. 8 9.3') 4C.; .56 2.9 50. 1.C 5E-14
810 25.7 9.51 38.4 (p.61 1.7 84. 8.31E-15
820 27.3 9.9) 36.3 '.66 1.8 132. 6.75E-15
830 28.3 9.95 34.5 "1.71 3.1 326. 9.49E-15
84U 218.3 9.89 34.2 v.77 2.7 271. 1.23E-14
850 28.6 9.84 33.5 .2.83 1.9 316. 1.36E-14
900 28.9 9.62 32.2 C'.o8 2 . 318. 2.43E--14
910 2'-9. 9.38" 31.C 13.94 2.3 3C5. 2. 68E-14
920 29.3 9.07 29.7 V.99 2.4 30l. 4.07E-14
93C 29.6 8.99 28.9 1.!24 2.9 317. 6.42Ec-14
94C 29.9 9.22 29.2 1. 9! 3 . 316. 7.76E-14
95G 311 .3 9.23 28.6 1.14 2.1 284. 5.93E-14

1000 3f. 3 9.21 28.5 1. 18 2.3 249. I.t 2E-13
1010 3f .1 9.39 29.3 1.22 2.7 23D. 6.69E-14
1020 3C.i 9 .31 28.6 1.26 ?.2 242. 7.87E-14
1030 3 1. 9 .39 28.n lc .2? 2 .1 23D2 . 1.*2 1E - 13
1040 3r .4 9.22 23.3 1.34 2.9 136. 9.02E-14
1050 31.'' 9.40 27.9 1.3Ff 1.8 143. 7.26E-14
1110 31.9 9.33 26.4 1.2& 2.8 104. 1.69E-13
112C 32.3 9.41 26.1 1.5i 2.j 181. 1.73E-13
1130 32.4 8.('!3 22.1 1.'7 2.4 25 0 . 2.8DE -13
1140 31.7 9.2'4 26.4 1.64 1.8 227. 1.32E-13
1150 31.6 9.25. 26.7 1.59 1.4 230. 5.21E-14
1200 3?. 9.23 26.u 1.15 1.8 245. 9.2UF-14
1210 32., 8.92 24.6 1. 6 2.2 77. 1.65E-13
1220 32.9 9.1. 24.4 1. 16 2.4 177. 1.43'-13
1230 3 3 . 2 8 . 7 8 2 3.1 1 . 4 6 1. 9 2 2 1 . 2 . 0 2 E-1 3
1240 3 3 .r 8.25 21.'3 9.34 r.2 286. 2.25E-13
1250 ??.3 8.6:1 23.7 .67 3.5 294. 6.59F-14
1300 32.3 8.5s 23.7 '.4 6S4 3.6 255. 3.55E-14
1310' 32 .7 6.47 22.i 1.l1; 1.2 215. 5.48'E-14
1320 33. 7 8.5 7 2.': 1.77 7 7.5 274. 2.43E-13
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NRL REPORT 8422

NRL- IMrfRL RE C IE VE Q

WSMR MICRrfmFTE0R^'LtGICAL 0 ATA

18 AUGUST 1978

TIME AT PPH2C3 RH BP SR' WS W3 CSQS

(DEG) (TRfk) C') (MbAR) (W/SO) M) (M/S) (DEG)

1330 33.4 8.29 21.5 1.i 5 5.4 281. 2.06F-13
1340 33.3 8.63 22.6 1.71 4.6 258. 1.96E-13
1350 33.6 8.8 3 22.9 1.72 3.1 244. 2.i8 E- 13
1400 33.7 9.Q 3 23.1 1.71 5.4 228. 3.97E-13
1410 33.6 9. 08 23.4 1.738 3.1 177. 1.97E-13
142D 34.r, 8.96 22.r, 1.72 5.) 218. 3.96E-13
1430 34.6 8.6[2 21.! 1.73 7.2 2C8. 5.97E-13
1440 33.h~ 8.97 22.8 1.58 4.5 214. 2.7UE-13
1450 34.1 8.95 22.4 1.03 3.) 245. 1.75E-13
1500 34.1 8.84 22.! 1.53 3.4 218. 2.50E-13
151c 34.4 8.99 22.2' 1.67 3.8 225. 2.83E-13
1520 35-. 8.5r 2C .3 1.61 5.9 229. 4.62E-13
1530 34.9 8. 53 2C.5 1.6' 5.3 247. 3.67E-13
1540 34.9 8.19 19.7 1.25 5.8 246. 2.78E-13
1550 34.6 8.49 20.7 L.98 6.1 229. 2.11E-13
1600 35. 6 8.24 19.6 1.44 5.2 248. 2.97E-13
1610 34.5 8.05 19.7 C0.72 5.2 246. lf4E-13
162U 35-f, 8.!)9 19.4 1.31 7.4 242. 2.64E-13
1630 34.7 8.46 20.5 0.75 6.8 271. 1.15E-13
1640 34.9 8.25 19.8 1. v6 7.4 276. 1.72E-13
1650 34.7 8.n2 19.4 1.11 5.2 289. 1.68c-13
1700 34.2 8.31 2(.7 u.76 3.3 260. 8.63E-14
1710 34.i 8.51 21.3 u.57 5.3 272. 4.37E-14
1720 33.9 8.28 21.3;' V.45 3.6 297. 2.47E-14
1730 33.r 7.45 19.9 J .43 5.6 329. 1.86E-14
1740 31.9 9.65 27.3 I-,.4C 6.4 33t. 2.13E-14
1750 29.6 n.66 34.3 0.38 7.8 320. 9.86E-14
1800 3f;. 3 1!. 35 3 2. 1 9. 3 7 3. 9 2 7 7. 3.67E-14
1812 28.'i 1.01 38.f- L. 3 0 6.2 296. 2.79E-14
1822 28. i 1.13 39.2 i.38 6.4 28R0. 2.82E-14
1832 22.5 1.65 39.9 3.46 4.9 264. 4.64F-is
1842 29.1 1.12 36.9 '.45 3. 4 247. 1.5PE-15
1852 29.5 0.59 34.3 0.42. 3.2 226. 1.76E-15
1902 29.2 0.31 34." f.4( 8.4 234. 1.89E-15
1912 29.2 ri.C3 33.' i .39 7.4 224. 1.31E-15
1922 29.3 9.86 32.3 0 .35 5.7 217. 1.19F-16
1932 29.3 9.45 30.9 t.32 6.3 221. 1.21-l6
1942 29.5 9.13 29.r .3 3 5.9 227. 5.46E-16
1952 29.6 8.94 28.8 p1.29 4.2 237. 1.70E-15
2002 29.6 8.83 28.4 '.'.28 3.9 226. 1.74£-15
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL-1IMO1PL REC IEV'3:

W SR M I C ' T E7Lr1Gr C! fATA

P1 AUGUST 1 97

TIME AT PPH2O - r p S ' .AS WI) CNSQ

(DFEG) (T'3RR) ( T) OMBAk) (WIS ? M) (M/.S) (DEG)

2012 29.4 8.87 29.9 V.28 3.0 179. 1.64E-15
2022 28.7 9.27 31.3 2.28 3.2 96. 1.(98-15
2032 z7.6 r.69 38.6 j 5.4 72.* 1.99E-15
2042 27.3 1.36 41.8 u.?7 6.1 73. 4.64E-16
2052 27.2 1.14 41.1 .-.27 4.6 65. 1.4 7E-15
2102 27.2 i.rs' 41.' ,J.27 4.1 67. l.C.6E-15
2112 2o.6 1.64 44.6 (.27 4.1 74. 3.5GE-16
2122 26.f 1.81 46.9 ':.27 5.2 61. 3.3BE-16
215C: 25.1 2. C6 51' .4 2 .26 3.5 71. 3.3"E-15
2200 24.9 1.89 5`1.2 L:.26 3.5 65. 5.72E-15
2210 2 4 . 7 2 . 0 2' 5 1 . 4 .2 6 2 . 6 70; . 3 . 3 C E - 1 5
2220 24.4 2.16 52.9 .26 1.3 8;,. 1.448-15
2230 24.2 1.79 51.'3 'j.26 i.3 186. 4.17E--15
2240 24.4 1.86 51.7 &.26 2.1 57. 1.( 9E-14
2250 23.5 1.98 55.2 .. 26 2.1 36. 8.39E-15
2300 23.2 2.12 57.' v'.26 1.1 74. 5.82E-15
2310 22 .8 I .66 560. I ; * 26 1. S 22 1 . 9. 0 2E-1 5
2320 23.1 1.3.J 53.3 ii.2 6 2.(r 2L;S. 8.r3E-15
2330 2 3 . C 1.6 3 5 5 . 3 0'.2' 2 . 5 1 9C. 1 . 3Vt:-1 4
234U 23.1 1.83 55.9 (,'2.?J 2.2 2fj6. 2.66E-14
2350 23.2 1.73 55.' L.25 9.1 197. 2.65 -14
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Fig. A-9 - Solar radiation, windspeed, and CN at the optical transmitter

meteorological station on 18 August 1978 (0000 to 0600 h)
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Fig. A-10 - Solar radiation, windspeed, and Ch at the optical transmitter
meteorological station on 18 August 1978 (0600 to 1200 h)
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

TIME
Fig. A- I - Solar radiation, windspeed, and CN at the optical transmitter

meteorological station on 18 August 1978 (1200 to 1800 h)
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Fig. A-12 - Solar radiation, windspeed, and Ch at the optical transmitter
meteorological station on 18 August 1978 (1800 to 2400 h)
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NRL REPORT 8422

NPL-IMORL TRANSMI rTE R

WSM.P MI.CRM T bkLL[GfCAL DATA

l' A(UGUST 1978

TIME AT PPH2 'I RH 8P S R WS WF) CNSQ

(PEG) (T.IRR) (''') (MEAR) (W/ASQ M) (M/S) (PEG)

840 21.7 1.73 6e.3 994.2 J.29 1.2 266. 7.63E-15
85U 22.4 1.62 57.1 894.2 0.38 0.7 71. 4.29E-14
900 22.9 1.4,: 54.4 894.2 C.42 Lu.6 154. 7.7FE-14
910 23.3 1.3 4 52.B 894.2 i .4r D.8 159. 1.15E-14
920 23.6 1.39 52.1 894.- S-41 6.8 232. 4.nlE-14
930 24.1 1.42 5r .6 894.5 .76 1. 2)6. 4.13E-14
950 12.2 5.89 55., P8R.5 v .3S 2.5 185. 5.73E-14

1000 24.4 1.26 49.r 894.5 .42 i.6 184. 1.1BE-14
1010 ?5.(' 1. 1 q 47.2 894.5 '.44 f'.8 184. 1.165-14
1020 25..', 1.17 46.9 894.5 L'.62 1.7 148. 7.C,3c-15
1030 25.6 1.09 45." 894.7 !.p98 1.8 177. 2.74E-14
1040 26.f 1.21 44.3 894.7 i.)Y 2.3 169. 3.76E-14
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

R R L - I M ', r'. L 'E C 1 . 'J '

WSMR MIC kM.-T'. ICL 0 tL [) TA

I' A4 U iS T I "-c

AT PPH2J RH Sr, ' WS WI)

1. 5 54. 9
1.6'. 54.'^
1.4& 53.9
1. 5 6 5°5, 
1.56 59.1

1.33 58.9
r.64 54.6
0.84 53.7
C. 78 5 2 . 9
1 .69 63. .
1 7 7 6," . 4
1." 3 51.?
1.32 52.1
C.97 48.9
1.19 53.6
1 . 2 6 5 5. *,
1.71 63.7
1.79 64.3
1 . 1 ' 5 9 .6
1.r2 58.83
C.9:' 5 B.6
C.85 58.8
t.83 6r.2
0.49 5 8."

-8 9 65.?
1.11 66.3
A.16 62.9
(.-98 66.5
I .*C 2 6 4. 
1.13 6X.3
j .C, 71.3
11t.99 7'. 3
C .8.6 68.7
C.95 7(.$f

.*9q 7'. -2
o'76 67.4
(l.56 65.1
'.44 64. 3
(.54 6-?.
0 .7 _2 6 8 .2

,ji . L 

J * 

i .25

J *?

r. .24
* *24* 24

l^ .24

-: *24
t) * 2Ž3
.2 *23

* 23

t * 2 3
* 23

J. 23

.23

.2 3
*23
;* 23

.2 3

2 23

*2?

Cs P -Ft

2* 2
2 . 2'R

L * 2?12* 2?

2.,
1.4
1l. 5

2.3
2.'J
2 6 

3.)

2.1
1. 1
1.4
)0.8

*9

(i .;.6
*9

*$ 8
1.7
3.3
3. 4
2.4
1. 8
1.3
1.4

1.7
1.2
1.6
1.8
1.2
1.4
1.9
2.4
2 .4
2.5
2.4
3.5
2.4
1.2
1 17

185.
223.
242.
263.

239.*
252-
250.o
239.
24.#

?19.
315.
26h4.
265.
228.2

Ia5 .

983.

1 2 3.

36.
138.
123.
132.
167.
121.

37.
62 

89.
91.
54.
88.
87.
83.
7 8.

3 1 5

86 .

86.
163.
276 4

2. 59>r 14
I . SE- - 4
6.21,-15
1. 68E-14
9. 86E-1 5
3.* ('6f-14
3. 12E-14
2.*3E-14
6.78E-15
I .24E-14
1 . 7vE-1 5

1.99E-15
4.r 7E-1 5
3 .6 9 E - 1 5
1.85F-114
6.86E-15
1 .66E-14
8. IbL-15
9. 96r--1 5
9.22£-1 5
9.22E-1 5
4.2 1;E-15
1.23E-14
2. 86E-15
1.6 7rt_- 14
4.2 ;i E- 1 5
1.673-I 5
4. 16E-15
7.928-15
2.2 43- 1 4
2.89E-14
3. 63E-1 4
2.94E-14
2.c RE-14
1. 3JE-14
2. 688-14
3.CrI L-14
110 3F-14
9.87E-15
1.91E-15

62

TIME CNSQ

0

10
20
3G
40
5G

11t
110
120
13D
14C
15C0

200
210
220
230
240
250
30C
310
320
330
34C
350
400
41U
420
43 L
440
450
50C
5 1 L
52Li
53C
540
550
600
610
620
630

23. 1i

23.3
23. 
2 1. 9
2 I . 8
21 .5
21.7
22. 3
2*.5

2r .9
21.7
23-4
2 3. 5
2 4. 1
2 2 . 8
2 2. 5
2fl . 8

2? .7

21. 1

21.1
2 1 . 0

2* 8
2 ' .4
2f . 5
19.2
1 9. 3
24" .2
19.1
1 9. 7
Il.e,
IL 8 . (
I8. 2

1 8. 4
1 1. 2

18 . 2
18 . 5
1 8. 8

18.8
I 9.
IF. 2

(DEG) (TIP R) U") (MB AR) (W/So vl 'o' WS) ( DEG)
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NR L- IMMt'PL PEG-, I EV.: '
'-I-

r'r

WSMR MTC.ROMFTc'E5CLIGICAL CATA

19 AUGUST

AT PP H21 RiH HP skR W S WO)

(DEG) Ti3R'P) (t) (MPAR)

0.65 69.6
C.54 67.9

.4 7 66. 2
C,.65 67.9
0.9' 68.5
0 .88 66 3
U1.73 63.3
0.88 63.7
C.92 63.6
1.18 64.4
1.34 64.1
1.27 61.2
1.34 59. 7
1.48 59.6
1.23 56.5
C.86 52.7
0.79,1 5.2.7
0.77 49.7
0.74 49.3
0.66 48.U
0.27 44.6
0.61 45.5
0.43 42.5
0.51 41.5
0.4.2 4u.3
r) .5 / 39. "
0.48 38.2
9.94 35.4
0. 85 38.
0 .24 34.3
0.22' 33.5
C.12 33.1
0 .C6 32.7
9.94 31.1
9.81 3r.6
0.t 1 32.2
0.22 31.'
9.73 2992
9.37 32.9
0 .4 2 32. 1

l' *23

U * 27

oJ. 3 
,.~31.V * 3 4

U . 4,
* 4?

* 4 7
C .47

I) * 5 2
L .5 1

lt* 6 :.259

*5 9

C' .7 C
1. 1 .
1.27
1. 34
1. 3 4
1. 39
1.4 1
1.47
1.51
1.53
1.5 6
1 * 7
1.5 9
1.6 3

* 2 7
1.48
1.6 3
1.36
I . 46

(.7
1. 8
2 5
2.4
2.10

1.J4

*3
I.39

'J.8
u .5

.26

6 *6
9*7

1.2
1.7
2 3

1. 8
1.9
1.6
2. 1
2.5
2.4
2 9
3. 1
2.6
4.8
5 2
5. 6
4.7
4.4
5. 4

4.4
5 * ^j

5.4
3.6

151.
66.
67.
64.
53.
59.

144.
2 4 1.

289 3
293 .

23 98
13u 6
326.
239.
[36.
230.

233.
229.
2 2 6.
227 .

1 7 5.
161.
163.
148.
150.
157.
19.o

I 1 8.

137.
I 1 8.
137.
141.
145.
136.
1 32 
132.
l3 8 .
13.

2. 19t-1 5
6. 57c-15
1.1 5L-1 4
1 5 9E-14
7.26F-15
6.r 8 F -15
4. 75E- 15
2. 81E-1 5
1.5 3 r -15
I . 6 V E - 15
3. 1 6 £ - 1 5
3.49E-15
5 .99E-1 5
4.96E- I 5
8. 19F-15
7. 23E-1 5
8. 12E-1 5
1. 31I - 14
9.86fE-15
2 .02E-1 4
3.70E-14
2. 12c-14
7.86E-14
1. 28E-1 3
1. 38E-13
1 .76E-13
2. 57E-13
2.96E-13
1 .89E-1 3
3.13E-13
3.'? 9E-13
3.84fE-1 3
3.28 -13
3.65E-13
3. 77F-1 3
2.2 9E-13
2. 32F-1 3
4.0 7E-1 3
2. 58E-1 3
2.7 U b- 1 3
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TIME

1 97P

CNSQ

c DE G )

64C
650
70U
710
720
73C
740
750
80C
81C3

820
83C'
84U
850
90C
910
920
930
940
950

1000
10 10
1020
10303
1040
105 G
1 100
1110
1130
114U1

1150
12CC
1210
1220
1230
124C
1250
1300
1311
1 320

1 7. 8
1 8. 1
18.4
1 8. 3

195
1 9. 5

19.6
19.7

2 2~.

21. 3
2 1. 5
2 2. 1
22. 6
2 -3 . r,
23.5
23 .5
23.9
2 4. 5
24 * 7
2 5 5

26 1
2 6.4
27.1
2' 7 . 4
27.8
28.1
2 8 .9
29. 3
2 9. 3
2 9 - 429.4
3_'? * 1

3'; . 1

2 9. 6
3fq' * 2

31 * 2
K* 4

( w / SQ, m) WS)
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S ITO" - ITH1 j-Lr, L P L T TAV F

'W S MR M lIC R !M LT E 0 R 5L 0 C '. C L.J ,A T A

lt AUGUST 1' 97 d

AT PPH22C1 PH P SR ' WS WD

(DEG) (TIRR) ('v) (MBAR) (WISc) v) (M/S) (DEG)

i . 5I1

1. 3'i

1 .. ":

Q; .7 8

1 . 9 C?

;U .9 (36

5-2
6 . 5
4. 6

5 * 2
5.4
7.CU

5. 7

I h' 6 .

1 13.
13 ').
116.
1 3 5.
13().

1 48 -1 48 .

m

; 9-
~0
In

Ns.

', 0

z i

M C-

In9 

a:)
,~0

0a

0:

2.54E-13
3. 56E-1 3
1 . 5 f r- 1 3
2. 0 E-13
1.44F-13
1. 25E-1 3
1.1 l -1 3
1.C 9F-1 3

-to

In

-t.D t

I'na
Li

4. LOa
z

.- rs
-N

-0

TIME

Fig. A-13 - Solar radiation, windspeed, and CN at the optical transmitter
meteorological station on 19 August 1978 (0000 to 0600 h)
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TIME

1331
1340
135G
140C
141C
1421
143!3

1440

CNSQ

30) * 3

3t1 . ,
3A .4
3' . 7

3r 8
3f' *7
31.1
31 .;

0.*43

0 . 37
() . 5 1

0 .45

0 . 7,~
C. .54
9.79

3 ?. 3

31.4
32 .4
31.S
31.4
32 .3
31.4
29. 1

CO
0-f

z1

Li

I-
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LiT-

-'0
E ,i

InIn,

Z -

H'M

,-. 0

a:

In

3 -

-a:o

En
N.

- to

Li
Li

0~
:Z

Ina4

-0

TIME
Fig. A-14 - Solar radiation, windspeed, and Ch at the optical transmitter

meteorological station on 19 August 1978 (0600 to 1200 h)

2300 1400 150o

TIME
16D0 1700 1800

Fig. A-15 - Solar radiation, windspeed, and CN2 at the optical transmitter
meteorological station on 19 August 1978 (1200 to 1440 h)
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L - M,'2L, T7 R4NS f TITr,

WS'AR MICRIMETEIRLILMGICAL DATA

21 1JGUST 19 iq

AT PPH?1 pH t, P sr , I WS WID

4.87 81.7
4.79 76.6
4.52 72.3
9.11 91.,
6. 78442.6
4.1'5 64.6
4944 66.3
4.36 64.6
4.31 62. 
3-82 58.7
3.25 54.9
3.67 55.6
3.75 54.6
3.35 53.4

895 .R
895 . 8
.895 . R
8 95 * 8

895 * 8
895 . 8
8 9 5 * 9
896. ..

896 .
8 96 .C
896. i
896. 0
896 .*
896- .)

L . 4 9

LI * 5 ',
* 5 7

.! * t ._

.*66
.. . 7 1
i7* 7 

U' 6 2;:- . 8 6

2) * 86
Ji * 9.?

'U* 94
i* 97
1 ' ':i .

1. 3
i *9

1.6
1.S)
i .2
1.6
1.6
1. 3
1. 1
1 .Z
1. 1
1. I
1.1
1. 4

312.
253.
334.
'86.
239 .37,.
312.
286.
3C4.
253.
1 3 3.
148.
I 9i °
231 .

4.31E-15
I .1 5ff-14
7. 13E-15
9.64fE-is
1. 4 7 E - 1 4
9.7 3 E-15
1 C. 'iE-14
1.3 2 E-1 4
1 .32 E-14
1.7 1f E-14
3. 2DE-1 4
3.32E-14
3. 97E-14
1. 93E-14
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TIME C N S Q

85CG

90C
910
920
930
94C
950

100el
10 10
102C
1030
104C
1056
1100

2( .6
21 .6
22 . 2
22 . 9
2 3. 6
23.6
2 3. 5
2 3 . 9
2 4 . 3
24.8
2 5 . 3
25.6
26 . '7
25 .8

(D FG) (T ml R"N ) S 9 ) (MO A.� ) (W /S',� 'o, J' (m,/S ) (o ic5 )
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NRL-IMCIRL TRANSMITT6N

WSMIR C AL 'LAT A

22 AU G U S T 1 '97 °

Qp

(UEG) (TTRR) t') (m6AR) (W/Sci M)

2.93 58.8
2.82 57.3
2 .6 54.9
2.67 53.6
2.96 54.3
2.86 5"4.'
2.53 51.6
2.38 49.9
2.27 48.4
.14 4R.5

1. 2 43.2
1.22 43.2
1.13 42S.

42.7
4 1.3
4 C . 4
3 9. 8
38.7
38.5
39.2
39. 
38 .2
36.3

3 5. 1
34.7
32-4
3 2. 5
3 2. )
32 .^)

3t". .)

2 9. 952.1
2 9. 1

2- 9 . 7

1 .31
1.24
1. 1 2
1. 1 
C .77
^ .86
I . 37
1.26
1.16
1 .26

1. 1 9
(0* 73
( .91

0.*58
0 . 5 

n .36
3 . 37
0.45
0J.23

C .401

r .31

P * 2 8
(} * 2 8

892 9
8 92v 9
892 .9
8 92 9
89 2 9

892.*9
8 9 2 9 

892 .9
892.9
139.2' * 8

8 92 9
892. 9
892 9
39 2. 8
8 9 2 * 7

892. 7
8 92 . 7

892.7
892 7
8922 7
892.2
892 .28 9 2. 7 

o 92 * 2
892-0
891. 7
891. 6
891 .4
8 9 1. 4
8 91 .4
891.2
89 1 1
891. 
8 9 1. 1
89I'.9

CI * 4 
35

7 3

5 .

* 79

.9',
0-' 77
U . 88

7J. 77

I *
I.* 7
1. I
1.161

1.1 8
.es8

u *95

*8 3

1.31
1.29
I .* 
1 2? 5
1.2.3 5
1.2 3

1 2 281.2.?1. 2 8

1.28
1 .27
1.2 7
L. 27P

1.29
1. 2 <

1. 2 4
1. 1 31 .:i

*WS W D C N SQ

(M/S) (DEG)

3. 2
3.6
3.2
3.2
2. 1
1.4

1. 7
2 4
3.1
2J2.2
2. 1

2. 2
)* 9

1 .e

1. 1
2.2
1.1
1. 1
2. 1

12
1.5
1.1

1.2
1. 1
1. 8
2. 1
1.5
1.4

3.3

2 5

36.

5 3
I P 3-
17 8.
59.
97.

12 1.
85.
9 5.

1 7 7.
2 4 1.

295.
164.
2 1 1.

5.

6.
98.

329 .
26".
238.
el98.
2g 6-269.
279.

8 1.
21 7.

2 "' 5 263.
2 35 
21fl.
257.*
222.
224.
265.
275
229.
276.
19 1.

4.65E-1 5
3. 5 7 E - 1 5
2.87E-1 5
8.6 8F -1 5
1. 71E-14
1 .15t-14
1 1 7 t' - 1 41. 7- 14
2. 30 -14
2.65E-1 4
3.66ff- 14
1 . 39E-14
1 . 58E-1 4
2.42> -14
2. 3 7 t - 1 4
4.32E -14
3.f 2E-14
4. 1 8E - 1 4
2.3u'I-14
3.81E-14
9. 2 5E - 1 4
3. 3 2 E - 1 4
6. 27E-14
1. 6E-1 3
1. n 5 F- 1 3
9.62E-14
7.41F-14
7.66E-14
5. 52E-14
4. 77E-14
5. 1 E-14
7. 678-14
1 . C2E-13
8. 56E-1 4
8.778-14
1. %r 8 C -1 3
1 3 8E -1 3

6.1 9E-14

67

TIME AT PPH2,9 R41

85D
900
91C
920
930
94U
950

loic
101C
1020
1030
1040
1050
1 100
1110
1120
1 1 30

1140
1150
120G
12 10
1221
123C
124U
1250
1301C
1310
1320
133L
13 4(
1350
14Ct
141C
142C
143U
1440
1451C

23.7
24 *f
24.4
2 4 4 
2 4 9 

25-f
5. 4

25 8
26. 1
22 9
26 .2
2 6 5
2 6. 6
26 * 9
2 7 3
2 7 5
2 7 .7

27.7
2 7 .9
2. 4
28. 3
28 .6
29 .'
29 .4
2 9 .3
2 . 8
3* 5
31. *3

3r * 3

3 r 7
3 'L. 2

3 1. 3
31.1
3 1. 9
31. 1
31 .5

a:
:-et
<-II..
:�V.
4�-,

Ml'
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Fig. A-16 - Solar radiation, windspeed, and CN at the optical transmitter
meteorological station on 22 August 1978
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