@ https://ntrs.nasa.gov/search.jsp?R=19780020356 2020-03-22T02:47:41+00:00Z

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



> | <2h4u114;; ‘4€Crt4-£aa-a.-uu-~
TASA D )5¢780 . wka co-

pes="1% APLITUDE SCINTILLATION AT 2 AND 30 GHz
O% EARTH SPACE PATHS

s D. 8. Hodge, D. M. Theobold, and D. M. J. Devasirvatham

= P, 2 -~
e o5 i e~
The Ohio State University
F.’ﬂ‘"naan:q-aa 'a'~n-.«“-\-n'
Department of Electrical Enginearing
Columbus, Ohio 43212
(NASA-CR-156780) AMPLITUDE SCINTILLATION AT N78-28299

2 AND 30 GHz ON EARTH SPACE PATHS {Ohio
. State Univ., Columbus.) 9 p HC AO2/MF 101
CSCL 20N Unclas
G3/32 27057

Technical Report 4299-3
February 1977

Prepared for
National Aeronautics and Space Administration
GODDARD SPACE FLIGHT CENTER
Greenbelt, Maryland 20771



AN A .

When Government drawings, specifications. or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Gavernment thereby incurs no resnonsibility nor any obligation
whatsoever, and the fact. that the Government may have formulated,
furnished or in any wav sunplied the satd draw:nqs specificattons.
or other data, 1s ngot to o2 regardesd by Wi - >
n any manner licensing the ncider or any ::'; « peérson or corporation,
or conveying any riahts or permiss1on to manufacture use or sell
any patented invention that may in any way be related thereto.

ORIGINAT PAGE IS
DF !'.(.". 0. §

1er
DR |



'l'fCNNlCAL RU‘ORY STANDARD TITI.E PAGE

rr-‘l.:u' No. b i '2 Governw -at Accession Mo | 3 Recipient’s Covalog No. 1|
[T Vile and Subsitle gianek peseen e T ",‘1 Repsit Dave — ~ — "7 7!
AMPLITUDE SCINTILLATION AT 2 AND 30 GHz r Fﬁbv‘:w&w" .
ON EARTH SPACE PATHS ,‘ o v |
LT‘M(I’ IR SR T R R PR i 8 'uhvumg Ov.onuohon RW-N; |
| D.B, Hodge, D.M. Theobold, D.M.J. Devasirvatham _  4299-3. __ !
9. Performing Ov’-munon Nome and Address :lo. Work Unit No H
The Ohio State University ElectroScience b a PR~
Laboratory, Department of Electrical "1 Contract or Grant No. i
Engineering, Columbus, Ohio 43212 . NAS5-22575 ad

I l" 7190 of Report ond Poriod Covered . l
|12..5eonsering. Agency-Nome and Address R o o S »
NASA, GSFC Type 11

Greenbelt, Maryland 20771 ;IF‘??TC?],EEBE'Y abeiT
E. Hirschmann, Code 951, Technical Officer '¢ Seentoring Agency Code
. |

15. Supplementary Notes

L i R i e T st D g

i — - —— S —

Extensive amplitude scintillation measurements have been made |
simultaneously at 2.075 and 30 GHz on earth-space propagation paths.
These measurements were performed as the Applications Technology
Satellite (ATS-6) was moved slowly from a synchronous position over
India to a new synchronous position over the United States. The
variance, path loss, covariance, and spectra are discussed as
functions of the path elevation angle. These results are also
compared with earlier simultaneous scintillation measurements at
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20 and 30 GHz during the movement of ATS-6 to its position over ;
India [1,2]. l
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Extensive amplitude scintillation neasurenents
have been made simultaneously at 2.075 and 30 Gliz on
earth-space propagation paths. These measurements
were performed as the Applications Technology
Satellite (ATS-6) was moved slowly from a synchronc':s
position over India to a new Synchronous position
over the United States. The variance, path loss,
covariance, and spectra are discussed as functions of
the path elevation angle. These results are also"
compared with eartier simultaneous scintillation
measurenments at 20 and 30 GHz during the movement of
ATS-6 to its position over India [1,2].

1 - INTRODUCTION

The movenent of ATS-G from a synchronous
position over India to a new synchronous position
over the United States was such that the change in
the elevation angle of the propagation path was less
than one degree per day, Thus, a unique opportunity
was presented to measure scintillation characteris-
tics as a function of elevation angle. Phase-lock-
loop receivers were inplemented at Columbus, Ohio,
U.S.A. to receive the 2,075 and 30 Gliz ATS-6 beacon
signals. 4.6 and 9.1 m Cassegrainian tvpe horn fed
parabolic reflector antennas were used, The measured
system nargins were 48 and 55 dB, respectively. The
received signals were digitally recorded at a rate
- of 10 samples per second at all times during the
experiment and at a rate of 200 samples per second
on demand; all of the data presented in this paper
were derived from the 10 sanple per second recordings.

Thirty hours of simultaneous two frequency data
were collected between August 29 and October 25,
1976; these data corresnond to elevation angles
ranging from -0.7° to 43.9° (not corrected for re-
fraction). Samples of these raw data are shown in
Figures 1, 2 and 3 for elevation anqgles of 0.38°,
2.82° and 22.34°, respectively; in these Figures the
2.075 and 30 GHz signals are shown with respect to
the mean over the 30 minute data period presented.
At the lower elevation anqle the peal:-to-peak scin-
tillation exceeded 7 dB at 2.075 Gllz and 20 dB at
-30 GHz. These peak-to-peal: scintillation values
decreased with increasing elevation anqgle except that
enhanced scintillations were often observed during
the presence of non-precipitating cumulus clouds
along the propagation path, Although the character
of the scintillation appears to change as the ele-
vation angle increases, examination of the spectra
of these signals, presented later in this paper, do
not show significant differences other than the
general reduction of all frequency components.
scintillations were found to occur at all times
during the experirent regardless of prevailing
atmospheric conditions, All of the data presented
in this paper correspond to times when there was no
discernible precipitation on the propagation path,

These

¥The work reported in this paper was supported in part
by Contract NASS-25575 Letueen lational Acronautics
and Space Adninistration and The Uhio State
University Research Foundation,
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-‘Figure 1. Received signal on day 243.
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Figure 2. Received signal on day 246.
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where the Vi are the samples of the received signal
anplitude corrected for receiver nonlinearities and
" . . { s the averaqe over the N samples, The variances
DAY 263 WA 18 MIN 19 SEC 0 MsEC 278 were calculated for data intervals of 3.4 minutes,
EL*22.34° and these variances were then averaged over each data
’ period of 30 to GO minutes. The spread of the

] variance over such a data period was often as high as
2GHz 10 dB. The variance defined in this manner represents
-3 ' the ratio of the power contained in the non-zero fre-
8 P quency components to the power contained in the zero
- l frequency component of the signal. Also shown in
Fiqure 4 are the 30 GHz variance data derived from the
= | earlier set of measurements; these agree well with the
- current neasurements. Theoretical curves have been
= s . included to demonstrate the variance behavior under
- the assumption that the variance is proportional to
the 11/6 power of the path length through a 9 km
! 30 GMz spherical, homogeneous atmosphere, It can be noted
. that the rmeasured variance agrees well with this
a° H‘ v oy v — model.
e e Al vy "'-T e
A plot of the variance of the log amplitude of
the received siqnal is shown for comparison in
2. Fiaure 5. llere the variance of the log amplitude is
defined by
0 s 10 is 2 28 3
% 2 2
TIME (MIN) o . 9 Vg, - V'"‘)/ (2)
"Toq 4o logy log, N
Figure 3. Received signal on day 263. where vlog‘ = 20 log;, Vys (3)
the subsequent processing was identical to that
described above. It is interesting to note that the
variancé in log amplitude reveals a rather abrupt
reduction in level for elevation angles above 6° that
s VARIANCE is not found in the variance of the amplitude pre-
sented earlier. This difference can lead to substan-
& tially different interpretations of the same data
X 30GHz 1976 gehg:::i‘ing only on the method of data processing
o 'y o 30GHz 1975 =
TAA +  2GHz 1976
L — 4 POWER LaW
=1
g% ARIANCE
s’ S-mxx LoG v
: ‘.
8-
2 | * 20M:2
" s. X 30GHz
i |
"o s do is_ a0 4 % 3 v s 23! =
ELEV. (DEG) - ™
-,
Figure 4. Variance of received signal amplitude. s
. | ™
°.." .
J
The variances of these signals have been or g% & I
averaged over each data period and are shown in - *  WE WPISSPT BET GRS -
Figure 4 as functions of elevation anqle., These )
variances were defined as By . . - - — M
i s 10 15 20 25 0 3 w '
ELEV. (DEG)
RAL
T, |
g %9y = " m Figure 5. Variance of log amplitude.
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Figure 6. Average power in zero frequency component.

The average power contained in the zero fre-
quency component of the received siqnal is plotted as
a function of elevation angle in Fiaure 6; the
reference in this figure is arbitrary. The dramatic
reduction in level at an elevation of 9.3° is due to
the fact that the spacecraft antennas were directed
toward Texas rather than Ohio during this data period.
A substantial reduction in the received power level
below that predicted Ly sinple atmospheric path loss
calculations at lower elevation angles is also noted;
this behavior has been observed carlier by IcCormick
and Maynard [3].
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Figure 7. Covariance versus frequency ratio.
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The covariance Letween the 2,079 and 3J UMz
signals is shown in Figqure 7 along with that for the
20 and 30U Ghi2 data reasured earlier (2] and tie
theoretical covariance predicted by Lee and Harp [4].
Althouah the spread of the covariance is large, the
averane over the entire Jata base agrees well with
the theoretical prediction., The covariance 1S shown
in Figure 8 as a function of elevation angle; here it
is noted that the covariance decreases as the ele-
vation angle increases. Both the covariance of the
anplitudes and the covariance of the log amplitudes
are shown in this figure for romparison; though some
diverqence is found at the lowest elevation angles
they are found to agree well at higher elevation
angles.
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Figure 8. Covariance versus elevation angle.

Spectra of the received signals are shown in
Figures 9, 10 and 11; these correspond to 3.4 minute
intervals from the data periods shown in Figures 1,

2 and 3, respectively. These spectra all show a
characteristic Jecay with frequency in the range from
approximately 0.1 to 1.0 Hz, The spectra tend to be
relatively flat for frequencies above and below that
range.

Additional processing of these data is in
progress and will be reported in a future publi-
cation,
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Figure 11a, Power spectrum - day 263.
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