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1. INTRODUCTION
1.1 Report Description
This report presents data and preliminary conclusions from
the last guarter ({(July, August, and September, 1977) of the
second year of work on Contract KAS5-22577. - {pata from the
garlier nmonths w@were published 'in the appropriate guarterly
technical reports for this contract.) Although it is subritted
to fulfill the contractual regquirement of a final report for the
second year's funding the report is not the last for the contract
and a third year of work is mnow in progress. Duriag late 1878 a
multivclume Toport will be prepared summarizing our findings fronm
the entirs three-year effort.
1.2 Summary of Findings

Listed below are the mpajor £indings pressented 3in the

fcllowing chapters.

1. If attenpuation values are computed from monthly mean
signal levels rather thar from monthly peak =signal
levels, the effects of spacecraft moricm are suppressed
and the accuracy of the data 1s enhanced, {Chapter &)

2, Eguations giving isolation as a linear function of
the logarithm of attenuation provide an acceptable fit
to the dara. (Chapter 5)

3. Along the COHSTAR D2 path attenuation at 28 GHz is
essentially twice the attenuation at 19 GHz. (Chapter
6)

4, Although the Process of comparing attenuations at
11 and AQ GHz 1§ compli&da¥ea by the ‘path zlevation and

azinuth differences, first indications are that the



effective path length at 11 GHz is usually greater than
the effective path length at 19 GHz. The difference is
larger than can be accounted for by gecmetiry alone and
may be & consequence of local terrain features.
{Chapter 8)

There ssems to be little ccrrelaticn between

isolaticen values measursed simultansously on tvo
freguenciss or on two polarizations at the sane

frequency. {Chapter 5)



2. DISCUSSION OF OPERATIONS DURING THEZ REPORT PERIOD
2.1 CTS 11.7 GHz Systenms

The ground egquipment operated normally during the gunarter
except for an antenna pedestal malfunction during the last two
weeks of August. The compoter-centrollied pedestal went into
standby mode (halting CTS data collection) withou} giving any
outward sign of troubls. For statistical purposes the missed
attenvaticn data were f£illed in by "scaling from the COMSTAR limnk
baut it was not possible to compare disolation and attenuation
values while the pedestal vas malfunctioring., The pedastal has
since been repaired and the warniig light system modified to give
a fail-safe indication of the pedestal's status.

During September the CTS beacon was switched off and omn
daily to prevent damage to the spacecraft power system during
aclipse. This complicated the data reduction problem, but we
were able to razmove from the attenmation statiéggés those errors
caused by the resulting signal fldctuations.

2.2 COMSTAR 19.05 GHZ Systenm

Both vertical channels and the horizontal co-polarized
channel performed correctly. The horizecnrtal cross-polarized
channel was degraded by cross~talkX which was not eliminated antil
September.

2,3 COMSTAR 28,56 GHz Systen

The receiver performance during the guarter was npominal.
The antenna cross-polarized channel response deteriorated badly
during June because {1} a piece of electrical tape apparently
left inside during manufacture worked its way into the ortho-mode

transducer (OMT) and (2) a cracked waveguide in the co-polarizad



channel reflected a significant signal back through the OMT and
into the cross-polarized channel. We corrected these problems in

June and the system operated normally during July aﬁd August.



3., DATA ANALYSIS BY SAS~76
3.1 What SasS-78& 1s

During the report pericd we began using SAS-76 (abbreviated
5A5) for data apalysis and display. SAS {an acronym for
Statistical Analysis System) is ap integrated software package
develcped for managing large-scale data bases which is available
on-line at +he VPIESU IBM 370 Computing Center. It is used at
approximately 90 locations, including Goddard Spaceflight Center.
For a description of 3SAS, the reader should consult two
references:

1. Anthony J. Barr, James H. Goodnight, John P, Sall,

and Jane T. Helwig, A User's Guide +to SAS-76, Raleigh,

——

B.C.: SAS Institute, Inc., 1976.

2., dane T. Helwig, Editor,

SAS Supplemental Library Userl!s gGuide, Raleigh, W.C.:

SAS Iastitute, Inc., 1977,

3.2 Use of SAS in DATA Processing and Display

As described in earlier reports, ounr IBM 370 datza reduction
software is based on what is called the prccsss file. This is a
memory storage scheme that provides the value of any recorded
data dinput at any instant of time. Utilizing =a group of
subroutines dsveloped by S. R. Kauffman, & user specifies the
date, time, and identification number of the variable that he
wants and receives froem core the instantanecus value recorded for
the variable at that time.

SAS is designed to work with what are called observations;

an observation 1s a set of sipultareous values for a group of



variables, At its present state of development, the 5AS
procedure used in data processing for this report extracts nine
values from the process file for sach observation. These are the
co- and cross-polarized sigpnal amplitudes at 1.7, 19.08
{korizontal and vertical transmitted polarizations), and 28.56
GHz and +the rain rate at the gauge nearest the antennas. The
values are generated by a Fortran program which interrogates the
process file for times spaced 30 seconds apart, starting just
after midnight on the first day of a month and ending just before
midnight on the last day of a month. The Tesult is & set of all
received signal values and the ground rain <tTate at 30-second
intervals for a month: this constituotes the basic set of Sas
okservations. From these data we may calculate attenuation and
isolation and perform various statistical analyses. .

It is important to note that " each signal cobservationr in the
SAS data set is an ianstantaneocus valus; no time averaging is
performed by the computer. Hovever, each signal is the output of
a detector having a time constant of 10 seconds and the signals
are effectively averaged by the detectors before any sanmpls
values are taken. The rain gauge has an integration time longer
than 10 séconds at rain rates 1less than 91.37 mo/hr, and a
sipilar argument can bs made in support of representing the rain
rate by samples taken once each 30 seconds.

In later work we intend to explore the effects of using
instantaneous signal and rain rate values spaced 15 seconds apart
for SAS and also to investigate the utility of using 30-second or
15-second time-averaging values in place of the instantaneous

¢nes. The decision on which method +to use is partly economic; a



30-day month generates 86,400 30-second cobservations. Processing
this many points requires extensive comnputer +time and storing

them consumes large amounts of magnetic tape.



4, MINIMIZING ATTENUATION ERRORS CAUSED
BY SPACECRAFT HOTION

A recurrent problem 1in this project has been finding a way
tc maintain a consistent reference signal level from which teo
calculate the rain attenuation on each co=-polarized receiver
channel., Ideally the clear-wsather received signal would Temain
ccnstant, but in practice variations are introduced by spacecraft
motiocn {(as nuch as several dB peak-to-peak) and by gain changes
in the receivers (no more than one dB peak-to-peak). About the
samre variation is noted on each system. The CTS antenna is
pregram directed, but the antenna pointing accuracy depends on
orbital elements whose timeliness and accuracy has not always
besn satisfactory, and the spacecraft station-keeping is
relatively loose, COMSTAR maintains a mors constanrt position
relative to 2 fixed point om the earth, but ocur COMSTAR antennas
are cnly wmanually adjustable and =some diurral signal variation
nacessarily occurs.

These signal variations are unimportant in the analysis of
mcst storams bzcause of +the short time period dinvolved.
Attenvation is calculated £from the last clear-weather level
logged before fading began. Also the relationship between the
reference levels for different storms is immaterial.

Howaver, problems arise when attenuation statistics are
cemputed or vwhen attenuations for different freguencies are
cempared for a longexr time such as  one wonth. If, as in our
initial approach, attenuation is measured with Tespect to the
peak signal logged during the month, then diurnal variations can

produce false attenuations of as._much as 4 dB8 during clear



weather.* PFurther, if +the peak signal resulted from an unusual
sequence of events that occurred only once during the nonth, then
a statistical analysis would indicate that non-zero attenuation
occurred for the entire month. If signals are cecmpared from two
satellites whose diurnal variations are 180 degrees out of phass,
spacecraft motions may cause as much as 8 dB of apparent
differential attenuwation (attenuation at one freguency minus
attenuaticn at the cother fregueancy) in clear weather. The latter
is an extreme case that we have not observed, but it points out
the pctential pagnitude of the problen.

After a detailed consideration of +the matter, we decided *o
use the monthly mean signal on each channel as the reference ér
clear~weather value., While the mean signal calculation inclundes
-all c¢f +the data taken during =sigpificant rain fades, +these
censtitute something less than 1% of the observations for any one
mcnth. They intreduce negligible error into the attenuation
calculations and in any case, they bias » the attenuation
statistics very slightly toward more pessimistic valuss. .

To avoid tha problem of assigning negative attenuwation to
signals strorger than the monthly mean, signal levels between the
peak and the monthly mean signal are treated as having =zero

attenvation. This procedure is eguivalent +to the one followed

routinely in calcnlating attenuaticn for an individual storm.

. ST Y Al el T il P bl b el e e e

* This number was computed by assuming that the peak signal was
recorded when the antenna pointing was perfect and when the
receiver gain was at its mazimum value. If the time of worst
antenna pointing and minimum receiver gain coincide, then the
signal could drop 3 4B with antenna pointing and 1 @B with the
change in receiver gain for a2 total of 4 dB.



- 10 -

The effects of calculating atternation from the mean instead
of the peak signal are dramatic. The problem of sigrificant
attennation for zeroc rain rates is 'alleviated. The performance
of regression Toutines used to extract signal relationships fror
tbke data also dimproves dramatically vwhen the new aztenuation
references are uased. This is iliustrated in Table 4-1, which
compares the R-squared values for equations inwvelving
attenuvations calculatsd both ways.*

The peak and monthly mean signal values for the months of
July, August, and September, 1977, are summarized in Table 4-2.
Kote the generally good reproducibility of the data from month to

mcnth.

S —— g A Y S N Y iy S halt ol e b ol okl

B—-squarad is the portion of the total variation accounted for
by the <fitted =2quation. (C. Daniel and F. S. ¥Wood, Fitting
Egquations to Data., New York: Wiley Interscience, 1971. Page
266) A value of 1 is optimum and'a value of zero means that
the fitted eguation is meaningless.




R-Squared

Equation Form Month Used Attenuation from Peak Attenuation from Mean

CTS Isolation = Linear Function of July, 1977 0.1660 0.7457
the Logarithm of CTS Attenuation

28 GHz Attenuation = A Constant July, 1977 0.4963 0.6461
Times 19 GHz V Attenuation

19 GHz V Isclation = Linear August, 1977 0.1418 0.7087
Function of the Logarithm of 19
GHz vs. Attenuation

CTS Isolation = Linear Function of August, 1977 0.1658- 0.7596
the Logarithm of CTS Attenuation '

28 GHz Isolation = Linear September, 1977 0.2871 0.4968
Function of the Logarithm
of 28 GHz Attenuation

Table 4-1.

Some examples of how regressions are improved
when signal attenuation is calculated from the

monthly mean-signal.

-LL-



11.7 GHz 19 GHz V 19 GHz H 28 GHz
Month Peak Mean | Diff. Peak Mean | Diff. Peak Mean | Diff. Peak Mean Diff:
July 77 ~77.47 {-81.69 | 4.22 -82.88 | -85.96 | 3.08 -85.08 | -86.92) 1.84 -79.47 | -81.70 | 2.23
August 77| -78.47 | -80.16 { 1.69 -82.48 1 -85.74 | 3.26 -85.28 | -86.87 | 1.59 -80.08 | -83.03| 2.95
Sept. 77 | -78.67 | -81.51} 2.84 -83.28 | -85.29{ 2.01 ~85.48 | -86.92{ 1.44 -78.47| -81.39} 2.92

Table 4-2. Representative peak and average signal values in dBm at IF.

.—ZL_
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5. RELATING ISOLATICN TO ATTENCGATION
5.1 1Introduction
In the last vyear several investigators have suggested that
isclation can be calculated from attenuation through eguations of

the form

I =10-1% 1og10 {4) dB {5-1)

where I is the isolation and A is the co-polar attennation in dB.
The constants O and V are positive. Nowland, Olsen, and
Shkazcfsky (1977) recently proposed a thecoretical justificaticen
for this squation.

If reliable U and ¥V values can be determined for arbitrary
earth station locations, then =eqiation (5-1) could be used to
calculate isolation statistics from existing attenuation data.
This would =enable communications engineers to predict the
performance that would be available if an existing single-
pclartized 1link were replaced by a dual polarized 1link, for
axanple. Such a prediction technigue has beea propesed in CCIR
Doc. £/206-E ({1974-78) by Canada. One of our objectives in this
project is to determine values of U and V appropriate to our
downlinks and to assess the degree to which eguations containing
these coefficients predict isolatiom statistics which match those
measured directly.

5.2 Regression Procedure Followed

Equation (5-1) breaks down at small attenuations, because

the isolation approaches infinity and this does not occur din

practice with real antennas, In order to avoid this problem and
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t¢ enhance the accuracy of the’eguations developed at higher
attenuations, we decided to fit equation {5-1) to our data for
atrtenuations greater than 3 dB. Our procedure follows.

To determine the wonthly U and V coefficients for a given
l1ink, we first select all pairs of I and A values (measured
simultaneously) for which 2 exceeded 3 dB. BEach pair of values
ccnstitutes one sample. We thed take the logarithm of each i
value and fzed the set of I, log{d) valoes to a SAS 1linear
regression procedure called GLA which determines the values for U
and ¥ that best f£it the data. {Here 'best fit' wmeans ninimum
mean—-sguare error.)

The eguations providing best £fits to the data for each
channel and sach month of the <report period appear in Tables 5-1
thrcugh 5-4., 1In subsequent reports we will present similar
equations for all months in which we have data.

To illustrate the agreement between the egquations and the
data, TFigures 5-1 +through 5-3 compare scatter plots and the
curves for onz frequency and one wmonth each. ¥ote that the
scatter is much greater at 28 GHz than at ths two lover
frequencies,

The cnly moanth for which we have good equations for all
three freguencies is auqust, 1977. Figure 5«4 compares the
isclation: attenuation relationships £or that moRth. In
examining Pigure 5-4 the reader should remember that the
pclarization of the 11.7 GHz signél is circular and the other tuc
are linear. A curve for an 11.7 GHz linearly polarized systen
would show better isolaticp at a given attenvation level than the

circularly polarized one doses.



11 GHz Isol. 11 GHz Atten.
Number of
Month Samples minimum | maximum minimum | maximum Equation R-Squared
July 77 1712 10.87 27.69 3.38 20.22 1 =134.27 L8174
-16.69 10910(A)
Aug. 77 127 17.68 34.49 3.32 13.53 1 =44.74 L7596
-22.57 10910(A)
Sept. 77* 2972 14.48 38.09 3.17 15.38 I = 26.67 L L0296 *
-~ 6.79 1og]O(A)

* Many invalid attenuation values were introduced when
satellite was turned on and off during eclipse period.

Table b-1,.

Equations fit to 11.7 GHz CP

- GL -



19 GHz V Isol.

19 GHz V Atten.

Number of
Month Samples minimum | maximum minimum | maximum Equation R-Squared
dJuly 77 242 13.51 38.14 3.32 17.54 50.83 .6632
-3]n38 ]OQ]O(A)
Aug. 77 181 5.71 34.33 3.14 23.96 46.56 .7087
Sept. 77 285 9.91 34.74 3.19 25.42 49.42 .8618

-26.09 Tog, (A)

Table 5-2. Equations fit to 19.04 GHz VP data.

_91_



19 GHz H Isol.

19 GHz H Atten.

Number of
Month Samples minimum | maximum minimum | maximum Equation R-Squared
July 77% 242 19.52 39.33 3.17 17.58 = 26.49 .0655 *
- 4.26 10910(A) '
Aug. 77* 181 4.71 25.32 3.14 23.96 = 25,58 L1005 *
- 7.67 1og1o(A)
Sept. 77 285 2.89 25.12 3.17 25.39 = 37.12 .8988

-20.01 10910(A)

* These results are invalid because of cross-talk problems.

Table b-3.

Equations fit to 19.04 GHz HP data.

-.LI_-



28 GHz Isol. 28 GHz. Atten.
Number of
Month Samples minimum | maximum minimum | maximum Equation R-Squared
July 77% 1770 11.71 33.54 3.18 33.41 I =19.17 * .020 *
- + 3.06 1oglh(A)
Aug. 77 2243 12.11 42.15 3.06 32.90 I = 39.38 .2469
Sept. 77 3092 12.11 33.93 3.09 34.12 I = 33.68 4968
-12.50 1ogIO(A)

* Cross channel was defective during this month.

Table 5-4.

Equations fit to 28.56 GHz VP data.

.-8'_-
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Figure 5-1. A comparison of measured data to the
Teast-square fit for 11.7 GHz during
July, 1977. Multiple points are not

indicated.
SEPT 77. 19 GHZ V
s DATA
ATTENUATION, DB «FIT
] .
a2} .
- .‘.
9 e
247 g -] :‘o
-} o.
s Ty
16+ §3§ asa
va ‘u g
? oo ?E'&.E.ua T g2,
8 Bgm0 O Pap oo
ea oa %o c‘:aggwﬁ:{xg o .
o

{SOLATION, DB

Figure 5-2. A comparison of measured data to the
lTeast-square fit for 19 GHz during
September, 1977. Multiple points
are not indicated.
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Figure 5-3. A comparison of measured data to the
least-square fit for 28 GHz during

September, 1977.
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6., RELATING SIHULTANECUS VALUES OF ATTENUATION
6.1 Intreduction

Another principal goal of this Jinvestigationm is the
develcpnent and verification of eguations to scale attenuation
with freguency. There are two ways to approach the prcblem:
matching simultaneous attenuations on an event-by-event basis and
matching attenuation values observed for egual percentages of
time. This chapter discusses the first approach.

6.2 Comparing 19 and 28 GHz Attenuation

Both the 19 and 28 GHz signals follow the same path and, if
the rain were uniform and the drop size distribution did =not
change withk rain rate and time, the ratio of rain attenuaéion at
28 GHz to rain attenuation at 19 GHz should remain constant. In
practice we observe some variationm in this ratic from storm to
storn and during individual storms, but the fluctuations are
probably not as large as those reported by earlier investigators
cn similar freguency pairs with ATS—-5 and ATS-6. {Ippoliteo,
1971) (Ippolito, 1976). This is assumed to be a consequence of
the lcnger averaging times vsed in cur receivers.

To compare rain attenuation at 19 and 28 GHz for each month
we collected simulianeous values of the two signals for all cases
when the 28 GHz attenuvation exceedéd 3 dB. The number palrs so
generated wers passed to the SAS procedure GLH to determine the
valne of C1 which minimized the least square error in a £it of
the fcrm

2{(28) = C1* AV{19) . {6-1)
Hera A{28) and AV (19) ares the rain attenuations in 4B at 28 and

19 GHz for vertical polarizatiomn.
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Tabls 6-1 presents the result of fitting the data to
aquation (6-1) for +the reporting pericd. ®hem the computations
for Table 6-1 were made, values of AV (19) for signal levels above
the mcnthly mean werese not set to zero. This iptroduced a few
negative 19 GHz attenuations into the regression, but the effects
en C1 are negligible. For example, when the July data in Table
6-1 weTe rerun with negative attenuvations set to =zZero the
ccefficient changed by abount 0.5%.

The numbers in Table 6—-1 indicate that a reasonable value to
use for C1 in attenuation scaling is 23 i.e.

A {28) = 2% AV{19) . ' : {6-2)
The average of 1.94, 2,70, and 1.82 is 2.02, and a scatter plot
of the points for the individual "months c¢lusters nicely around a
straight lipe with a slcpe of 2, This is illustrated by Figures
6-1 and 6-2 which compare a scatter plot of the data with the

equations.*

il el S S P T

Figures 6-1 and 6-2 display each unigque pair of values
observed during the month. Most peints in  the £figure
represent multiple data values. Hegative attenuations vere
plctted as 0. While the curve fitting was done for a{28) > 3,
the plots show all rscorded values of B {28).



28 GHz Atten.

19 GHz V Atten.

Number of
Month Samples minimum max fmum minimum maximum Equation S-Squ§red
July 77 1771 3.18 33.41 .32 12.33 A(28) = 1.94 AV(19) .6461
Aug. 77 2243 3.05 32.90 - .66 10.15 A(28) = 2.70 A¥(19) 5821
Sept. 77 3093 3.09 34.12 -1.21 16.01 A(28) = 1.42 AV(19) .2750

Table 6-1. Regression Equations Relating Rain Attenuation on 28.56
and 19.04 GHz Vertically Polarized Signals.

_82-
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Figure 6-1. A scatter plot of 28 versus 19 GHz
_(Y)_atggnuation for July, 1977.__
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24
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Figure 6-2. A scatter plot of 28 versus 19 GHz
(V) attenuation for September, 1977.
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Figure.6-3.‘_ A scatter plot of 19.04 GHz attenuation with
vertical polarization versus attenuation with
horizontal .polarization for July, 1977.
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Figure 6-4. A scatter piot of 19.04 GHz attenuation with
vertical polarization versus attenuation with
horizontal polarization for September, 1877.
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6.3 Compaxing Attenuation at 19 cHz for Horizontally
and Vertically Polarized Signals

If a vertically polarized signal and a horizontally
polarized signal pass through +the same zrain (at least on &
terrestrial path), the oblateness of the raindrops should cause
the horizcntal signal to be attenuated more than the vertical.
Outr data show this to be true for a downlink as well, but the
difference is not large enocugh to be significant. To investigate
the relationship between Tain attennation at the two
rc¢larizations, we used SAS to determine a coefficient C2 that
would provide the best fit to the data for the relationship

AV (19) = C2% AH(19) . (6-3)
Here AV{19) and AH(19) are the rain attenuation in dB for 19 GHz
vertical and horizontal polarizations. The results are
sumnmarized in Table 6-2 for +the 'months of July, August, and
Septembexr, 1977.

For all practical purposes, C2 is unity. PFigures 6-3 and
6~4 ccmpare the measured data points to straight lines with unity
slope. In PTigure 6-3 the deviation at the high end of the line
is thought to be a receiver effect caused by momentary loss of

phaselock. The points involved 'vere excluded from the

regression.
ORIGINAL PAGE I8
OF POOR QUALITY

6.4 Scaling from 11.7 to 19.08 GHz:
The Path-Difference Prchlem
Scaling attenuations between 11.7 GHz and either of the
C{#STAR fregquencies is complicated by the +two satellites not

being in +the same place. From “our station we see CTS at 33



19 GHz V Atten. 19 GHz H Atten.
Number of
Month Samples minimum max imum minimum max imum Equation R-Squared
July 77 243 3.32 17.54 3.17 17.58 AV(19) = 0.8304*AH(19)] .9667
Aug. 77 182 3.01 23.43 3.14 23.96 AV(19}) = 0.9935*AH(19)| .9957
Sept. 77 285 3.19 25.42 3.17 25.39 AV(19) = 0.9793*AH(19); .9965
Table 6-2. Regression Equations Relating Rain Attenuation at 19.04 GHz

for Horizontally and Vertically Polarized Signals.

_LZ_
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degrees e¢levation and COMSTAR at 4% degrees elevation; the
azimuth differsnce is 27 degrees. Host storms move from west to
east and intersect the CTS path before they enter <+the COMSTAR
path. This means that at the beginring of most storms the 11.7
GHz attenuation is greater thamn the 19 GHz attenuation because
rain is falling through ome path and nct through the other.

This effect is illustrated by data taken during a storm that
cccurxed on August 9, 1877, Pigure 6-5 shows the rain zTate
reccrded beside the antennas; note that the ground rainfall began
jrst after time = 45 winutes., Figure 6-6 dillustrates the
behavior of the 11.7 GHz co-polarized signal; it began to fade 20
minutes in advance of the onset of rain and faded about 15 4B
before recovering. The 19 GHz vertical signal faded later; see
Figure 6-7. It Dbegan to drop at time = 36, nine wminutes after
the 11.7 6Hz signal. This means that for at least nine minutes
the attenuvaticn at 11.7 GHz was greater than the attenuation at
19 GHz.

The effects of the time lag between the 11.7 and 19 GHz
signals are apparent in Figure " 6-8, a scatter plot of one
attenuation versus the other., The straight line shown has a
slcpe of 2:1; this is the attenuation ratio wultimately adopted
for our scaling program. Socme of “the points lie cn the line, but
nany do not. Like the time history, this plot indicates that the
11.7 6Hz sigpal faded <£irst, Then while it Temainded more or
less constan® +t about 14 48 belcw clear weather, the 19 GHZ
signal faded from 8 to 40 dB. Thereafter both signais recoveread
together, maintaining abcut a 2:7 attenuatlon tTatio until the

staorm ended.
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Figure 6-5. Ground rainfall rate on August 9, 1977.
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Figure 6-7. A scatter plot of 28 versus 11 GHz
(V) attenuation for July, 1977.
19V ATTENUATION, DB
AUGUST 9, 1977
40
324

)
o CO000C OUU000 BN

[+ +1=]

2000 8 COOBG

§ 8 a0 o o

11.7

0O 2 4 6 8 10 12 14 16

Figure 6-8. A comparison of attenuation on the 19 GHz vertical and the
11.7 GHz circular channels during the storm of August 9, 1977.
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Events like this indicaﬁe that regressicn analyses of pairs
of simpnltaneous data values will be of 1ittle use in detrermining
attenuvation scaling coefficients whén the path difference is
irrcrtant. This conclusion is  supported by the results
summarized in Table 6-3, 1In this case even a reasonablly large
valus of B—squarediis not an indication of success. Figure 6-9,
for example, compares all of the data taken in July, 1977, w%ith
the regression equation and with a line drawn for a 2:1 ratio. 2
hetté: fit could be gained by a straight line having a 2:1 slope
and a non-z2ro intercept on the 11.7 GHz axis.,. A statistical
arproach to attengation scaling will have to be taken for these
two frequencies,

6.5 Scaling from 11.7 to 28.56 GHE=z

Regression equations relating simultaneous attenvation data
at these two frequencies consistently produce R-squared values
approaching zero. The cause is evident from Pigure 6-10 wkich
presents the two-freguency data for the nmonth sf September, 1977.
The fraquency and path difference is tco great for an event-by-

event comparison and statistical methods must be used.



i
19 GHz VY Atten. 11 GHz Atten.
Number of
Manth Samples minimum max imum minimum max tmum Equation R~Squared
July 77 241 3.32 17.54 -1.01 19.41 AV{19) = .7875 A(11) .6714
Aug. 77 100 3.01 23.43 - .89 13.53 AV(19) = 1.3810 A(11) .7966
* *

Sept. 77 285 3.19 25,42 ~1.43 15.38 AV(19) =1.28 A(11) L4362

* Many invalid attenuation values were introduced when CTS
sateilite was turned on and off during eclipse period.

Table 6-3. Regression Equations Relating Rain Attenuation on 19.04 GHz Vertically
Polarized Signals and 11.7 GHz Circularly Polarized Signals.

_ZE_
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Figure 6-9. A scatter plot of 19 versus 11 GHz
(V) attenuation for July. 1977.
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Figure 6-10. A scatter plot of 28 versus 17 GHz
(V) attenuation for September, 1977.
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7., DEVELORING ATTENOATION STATISTICS
7.1 Introduction

Previous reports have presented wmonthly percentage-of-tine
plots and tables for ground rain rate and for attennation on the
Cis 11.7 GHz downlink. . These were generated by dividing the
attenuation range observed for the month into discrete segments
(called bins after radar range bins) and calculating +the total
time that +the observed attenuation fell within each bin. The
percentage of time that the attenuvation esqualled or exceeded the
mean attenuation of a given bin was then {approximately) the
tatal time that the observed atidmuation fell either within the
given bin or irtc bins with higher attenuation values divided by
the tctal time <for which attenuvation data were collect=d. (The
last gquantity is the so=-called +time base for +he monthly
attenuation data.) To illustraée the process symbolically,
assume that there are N attenuation bins centered arcund
at%ention values A{1), A(2) «s. E{H). If each bin has a width
2Lh, then attenvation values A in the range A(i) - D& < 2 < A(i)
+ LA fall into the i-th bin, Tet the <elapsed time that the
ciserved attenuation falls intoc the i~-th bin be t{(i). The tctal
time T for which data are available is then the sum of the times
for which the attenuwation fell into each bin, i.e.

N
T = I t{j) . (7-1
j=1

tke rpercentage of time p(i} that the obssrved attenuation A

equalled or exceeded A{i) is then given by

N
100 1 t,
- i=g 3 N ot
pA > &) = —=—=100 & (7-2)

N ..
Z J=1
==

_ 1
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To calculate rain rate statistics a sipilar process was used.

Rain rate bins replaced attenuation bins.

7.2 Treating Cases for #hich CTS
11.7 GHz Data are #Hissing

In generating attenuation statistics it is necessary to
account for those times when the rTeceiver involved is not in
ncrmal operation or when data are not being collected. This can
happen ¥hen the reaceiver is disconnected for maintenance or
calibration (during which our data <collection system reports the
Teceiver in test mode), when the <rTecsziver bhas lest phaselock, or
wvhen the computer has been halted. These can be trsated by
excluding such +times from the attenuation time base - in which
case care must be taken to insure that the same tine Dbases arTe
used for attemuation and rain rate calculations = or by assuming
approrriate signal levels for those times when data are
unavailable., £ Since the r=ceiver and +the computer are not
acrrally disabled when rain is *expected or occurring, clear
weather (0 dB attenuvation) can be assumed safely for all non~-data
times except those when the receiver is cut of phaselock. An
artificial value outside the range of interest {(say 50 dB) can be
assuned during loss of lock.

Since the CTS receivzar has never malfurctioned during a rain
event and since it almost never loses lock, times in which data
are unavailable are s¢ dnfrequent that ({for CIS) it makss no
naterial difference whether they are excluded from the time base
(+treated as dead tims) or whether apprepriate attenvation values

are assumed.
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7.3 Problems with COHSTAR 19 and 28 GHz Statistics:
The Heed to Scale

With COHMSTAR the situation is different. TFades at 1% and 28
GEz &re much more severs than those at 11 ¢Hz, =and for our
receiving system loss of lock at 28 GHz may bs expected during
rainfalls exceeding about 30 mms/hr. Rain rates higher than about
60 mm/hy will take the 19 GHz system out of lock.., When either
receiver loses 1lock it cannot regain it until the signal rises
above the acquisition threshold AN¥D the <receiver again sweeps
through the beacon frequency. This means that for a particular
fade the time cut of lcck may be substantially greater than the
time +that the signal £ell below +the dynamic Tange of the
Teceiver.

Given that the 19 GHz and 28 GHz receivers will lose lock
fcr a significant fraction of the time, what do we do about it?
BExcluding time out of lock from the time base is misleading for
this reason: rain occupies the COHSTAR propagation path
significantly earlier +than it reaches the grcand rain gaunges.
Typically the CO#STAR signals will be well down in a fade and the
receivers nmay be out of lock before any ground precipitation is
recorded, Lock will usually not be <rTeacguired until all but the
least intense part of the ground rainfall is cver. If we exclode
time c¢ut cf lock from the time bhase for attenuation, or from the
time kase for rain rate, or from +the time base for both, we will
be excluding the +time during which most of the rain fell. This
will lead to a set of statistics showing dincorrectiy thigh
attenuations at low gromnd rainfall ratss. If, on the other

hand, we assume 50 dB attenvation for the time cut of lock, the
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statistics may indicate +that this high level of attenuation was
observed during ANY significant rainfall. (Thi& is primarily a
result of the +time lag bhetween the end of a fade and +the re-
establishment of phass lock.) Ciéarly a procedure for scaling
attenuvation data is nseded for those times when signal levels are

unavailable.

7.4 The Scaling Prccedure
7.4,1 ERationale

In the procedure dsscribed here, attennation values are
scaled only when (1) a receiver i3’ in test wmode AWD +the grcgund
rain rate is at least 1 am/hr or {2} a receiver 1is out of
phaselock., Under thess conditions scaled =attenuation values
sheuld be c¢loser to the +true attenuation values +than are
assumrticns of either clear weather signals or loss of lock.

2 detailed ccomparison of 19 and 28 @Hz attenuations on a
rcint-by-point basis for single events and on a statistical basis
for equal percentages of time indicates that a 2:1 ratio was a
good fit to the cobserved data, i.e.

{28y in dB = 2 *a({19) 4in 4B .
{See Chapter 6 for details of the attenuation scaling study.)
Attenvaticn at 28 GHz and attenuation at 19 GHz are always well
correlated with each other at our site.

While attenuation at 11 GHz was more closely correlated with
attenvation at 19 GHz than it was with attenuation at 28 GEz, the
path difference made the relationship between attenuation and
Erequency less c¢lear. Simultanecus fades at 11 and 19 seewm to

reflect a 2:1 attenuvation Tatio:
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A{1%9) in @B = 2 *A(11) in 4dB .
The observed data show gqguite a wideé scatter {see Chapter %) and
the relationship is adopted with sSowme uncertainty.

At this point several énpportiﬁg conments are in order.
First, attenuvation scaling should be necessary primarily when the
1§ GHz receiver has lost lock, and thus +the scaling egquation
shculd have relatively 1ittle effect 5; 19 @GHz attenuation data
falling within the dynamic range Of the 19 GHz receiver. This is
clearly the primary range of interest for attenuation
cemparisons. Second, Hodgel!s (1976) work 4indicates that the
correct ratio 1is -.approximately 2. Hodge is concerned with
relating the attenuation at two freguencies on a single path. To
ccmpar2 attenuations  on differept paths a correction for
elevaticn angle nmust be made; for horizontally stratified rain
the correcticn factor is +the ratio of the sines of ths +two
elevatieon angles, For the paths rTeportsd here the elevation
angle at 11.7 GHz is 33 degrees while the angle at 19 GHz is 44
degrees. The ratio of the tvwo sines is 1.28. Same-path ratios
of 19 to 11,7 GHz attenuation calculated by Hodge's model range
frcm about 2.9 at low rain rates to 2.6 at high rain rates. Hhen
the correction is applied *the range is 2.27 to 2.08 indicating
that a factor of about 2 is appropriate.

in =any cass, it is rarely anecessary to scale 11 GHz
attenvaticn fxomr 19 GHz attenuation, so at least at the lower
frequency the error introduced sheuld be negligibie. Rain
attenuations calculated at 19 GHz ty +the above formuia should be

clcser to the true values than values assuped for clear weather

ot for loss of lock.
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7.4,2 The Process

The first step in the process of generating monthly scaled
statistics (Figure 7.4-1) is a Fortran program which produces a
magnetic tape coantaining all co-polarized signal levels and the
rain rate <recorded by the station ‘'gauge at 30-second intervals
Tor a calendar month., The zet of signal levels and the rain rate
at cne instant of time is called an observation. One observation
is generated for sach 30-sscond pericd. The tape is passed to a
SRS (Statistical Analysis System) orograr vhich puts tke data
inte a SAS dataset and calculates the gean signal for each
receiver channel. (See Chapter 4 for a discussion of the reasoans
for using the mean signal value.) This calculation uses all
valid signal levels on the tape; test mode or loss-of-lock values
are ignored. In +the BSAS dataset a valid signal level is
represented by a number giving its value in d4Bm. Test mode is
indicated by a single decimal point {.) in place of the number.
Receiver out of lock 1is indicated by a .B and data which are
invalid for any other reascn use a ,A in place of the nunmber.
The ., .A, and .B are stesndard SA5 symbols for wmissing data and
for programnming purposes

any aumber > .B > .A > .

A second SAS program {SAS Prcgram 2) then dstermines the
attenunation values by a itwo-pass procedure. Table 7.4-1 presents
a complete l1isting of the program; Figuzres 7.4-2 through 7.4-6
are flow charts which diagram how it works. In the listing CTS,
¥19, and C28 are the levels {in dBm =at IF) of the 11,7 GHz, 19
GHz vertical. and 28 GHz co-polarized signals. ACTS, AV19, and

AC28 are the <corresponding attenuations with respect =Tc the
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Process File
(A11 collected data)
On-T1ine Disk

~

Fortran Program
Determine signal
lTevels and rain rate
at 30-second intervals

magnetic tape
,

SAS Program 1
Create SAS dataset.
Determine monthly mean
signal levels

magnetic tape

N4

SAS Program 2
Calculate attenuations,
scaling where necessary

!

monthly attenuation statistics

Figure 7.4-1. Steps in generating monthly attenuation statistics.
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l

Is carrier Tevel valid and < monthly mean?

No : : Yes

4

Attenuation = monthly mean - carrier level
No Y Yes
. . S
?
—————~<::: Is receiver in test mode? >
Y
Attenuation = 0
\__ h 4
~ Yes
\
2
Is receiver out of lock? e

Y

Attenuation = 50

L

¥

L
‘_<

Is carrier level invalid for some reason

not covered above?

: Yes

1
o

Attenuation

b
I

h

Is carrier valid

and > monthly mean?

Yes

\/

Attenuation = O

Figure 7.4-2.

LY
Vs

¥

Flow chart for first pass {lines 1-20)
of SAS Program 2.
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SAS Program 2
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l

Yes ,/// Is at least one signal \\\\ No

\\\\ level valid?

Y

fes ‘Does the rain rate No
“exceed 1 mm/hr?

STORM
Set attenuations Set attenuations
to 50 dB to 0 dB

Go to next observation
(Skip to statement LAST)

Go to scaling procedure
(Skip to statement ATNCTS)

Figure 7.4-3. Flow chart indicating operation of
SAS Program 2 when scaling is impossible.
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Yalid data What is the 19 GHz (V19 < .B) to scale. Keep
receiver status? ACTS=0 and go to
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A 4 Y :
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Go to statement
ATN19

Valid data What is the 28 GHz Invalid data
(C28 > .B) receiver status? (C28 < .B)

v 4

ACTS = ,25%AV19

(Program cannot get
to this point)}

A
ORIGINAL PAGE IS \l»
Go to statement OF POOR QUALITY
ATN19 Go to statement
ATN19

Figure 7.4-4. 11 GHz attenuation scaling procedure.
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\g
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GHz receiver status? =U and go o
(c28 > .B) cever s : statement ATNC2S.
N\ v
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Go to statement
ATNZ8

Yalid data Wha? is the CTS Invalid data
(cTS > .B) receiver status? (CTS < .B)

W Y

AV19 = 2*ACTS

(Program cannot get
to this point)

|

Go to statement
ATNZ8

Go to statement
ATNZ28

Figure 7.4-5. 19 GHz scaling procedure.
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Figure 7.4-6.
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28 GHz scaling procedure.
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to this point)
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monthly mean signal levels.

In the first pass (Figure 7.4-2) data for each fregquency are
handled in the same way. If <the signal 1evel 4is below the
mcnthly mean, the attenuation is egual to the difference betweern
the two. If the signal level 1is above the monthly mean, the
attenuatién is zero. If the signal value is invalid because the
receliver was ocut of lock, the attenuation is arbitrarily set to
50 dB. If the signal level is invalid for any cther reason, the
attenvation is set to 0.

The second pass of SAS Program 2 is the freguency scaling
routine. HRhen frequency scaling bsgins, the program has already
calculated attennation values for each instant for those signals
which were present and valid. The program is alsoc holding the
observation from which those attenuations wers calculated, and to
sach wissing attenuation there corresponds a ., 2a .A, or a .B in
the .observation. If at 1l=sast one signal level 1is valid, the
progran can scale and does so, If no signal level is valid then
there is nothing <from which to scale. In this <case the progran
sets all attenuvations to 50 4B if +the rain rate exceseds 1 mm/hrg
othery¥ise all attenuations are set +to 0 dB. The process 1is
diagrapned in Pigure 7.4-3.

There are thres instances vwhen invalid data may be present
for all three signal levels. These are {1) all receivers in test
mcde - which should never cccur during Tain - , {2) aill receivers
out of lock during a rain fade - which has never happened in the
absence of a significant rain rate on the staticm gauge - or (3)
a computer or receiver malfunction, as has occasionally been

causad by lightnin strokes and power line +transisnts., In case
g g P
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{3) the assunption of loss of lock in the presence of rain may be
challenged, but it is probably the " best choice t¢ make imn that
situvation. Fortunately such events have been rare.

The scaling process itself is best described by flow charts;
sea Pigures 7.4-4% through 7.%-6. Basicaily the program scales
ogly if 2t is raining or if a receiver has lost lock. If
pessible it tries to scale the 19 and 28 GHz attenuations fron
each other since these signals c¢ccupy the same path. ¥hen
tossible 11 GHz attenuations are scaled frem the 19 vertical GHz
data rather than from 28. As Tadle 7.4~1%1 indicates, the progran
scales 11 GHz (lines 31-37) then 19 (lines 38-44) and then 28 GHz
{l1ines 45-51).

7.4.3 Results

Table 7.4-2 presents +the scaled and unscaled 11.7  GHz
attenuation statistics for +the wmonth of July, 1977.  The
differances are guite minor (since +the CTS receiver rTarely loses
lock) and represent the conversion of cne loss-cf-lock point and
20 invalid-data points to scaled values. This and the following
statistical tables were gensrated by a SAS procedure that assigns
¢ne bin to each unique attenunation value present. -

The effect of =scaling is more dramatic at 19 GHzZ, as Table
7.4-3 indicates. A percent-of-tide plot based on the unscaled
data would flatten out at 1.8%, wﬁereas a plot based on the
scaled data will indicate the expected behavior. Similar Tesults
are ncted at 28 GHz, but the curves are not reproduced here,

Chapter 8 will present attentiation data generated by the

i
techniques described here.
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Table 7.4-2. Comparison of July, 1977, 11.7 GHz Attenuation Statistics

Attenuation " Percentage of Time Exceeded
Unscaled Scaled

0.00 40. 6860 40,683
0.27 30.156 30.178
0.67 23.893 23.912
1.27 14.641 14,660
1.67 6.915 6.928
2.27 4,520 4,533
2.67 2.291 2.303
3.07 1.934 1.944
3.67 1.167 1.177
4.07 0.968 0.977
4.67 0.869 0.878
5.27 0.139 0.147
5.07 0.112 0.119
6.87 0.105 0111
7.47 0.100 0.105
8.27 G.097 0.103
9.08 0.091 0.096
9.68 0.088 0.0%4
10.68 0.081 0.086
12.08 0.075 0.081
13.28 0.073 0.078
14.08 0.071 0.076
14.88 0.065 0.069
15.88 0.062 0.064
17.08 0.057 0.058
17.68 0.054 0.055
19.29 0.049 0.049
20.09 0.044 0.044
22.09 0.038 0.037
24.29 0.036 0.035

27.89 0.034 0.032
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Table 7.4-3. Comparison of July, 1977, 19 GHz Attenuation Statistics

Attenuation Percentage of Time Exceeded
ynscaled Scaled

0.00 45,110 44,328
0.35 26.878 25.565
0.75 16.614 15.207
1.15 10.422 8.955
1.55 6.109 4.611
1.95 4.513 3.002
2.75 2.014 0.494
3.75 1.729 0.208
4,56 1.683 0.162
5.56 1.652 0.132
6.56 1.648 0.128
8.76 1.638 0.115
10.56 1.631 0.104
"11.56 1.625 0.095
13.56 1.619 0.085
16.17 1.610 0.074
17.37 1.604 0.067
25.58 1.599 0.057
30.78 1.594 0.052
34.59 1.59Q 0.046
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8. STATISTICAL DATA FPOR THE QUARTER
8.1 Introduction

This chapterx éresents tabular percent-of-time data on
attenvation and rainfall =rate at 11.7, 19.083, and 28.56 GHz for
the ncnths of July, August, and Septembzr, 1977, considered both
separately and together. Because of their length, the tables are
grouped at the end of the chapter. For reascns outlined in
Sgcticn 8.4, at this time isclation data are given only for 11.7
GHz in July.

The +tables .were generated 'by SAS (Chapter 3) ausing a
prccedure called FREQ. FREQ searches the monthly dataset for a
specified variabie (e2.g. rain rate or atrenuation} and counts the
number of times that the variable took on each unigue value found
in the dataset. In the terminclogy of Chapter 7 this means that
it assigns a bin to each unique value. The bins are then ranked
inp pumerical order and f£or each bin the numbégggf data points
having values less than the bin value is determined. This number
is divided by the total number of data points to yield the
percentage of the data points that have a value smaller than the
bin value, When this first percentage is subtracted from 100,
the result is a second percentage which indicates the number of
data points that have values larger than the bin-values. Since
one data point 1is stored in the 3Einput dataset £for eack half
minute of +time, the first and second percentages also give the
percentage of time that the variable in question was less than cr
greater than the bin value, Hence both exceedancs and lessence
tables result.

While the practice of assigning a bin to each unigne value
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in the dataset enhances accuracy, it introduces "a mninor
inccnvenience into the process of comparing the values of two
variables (e.g. rain rate and attennation) that were excseded for
the same percentage of time: at a given percentage of time bin
values may mnot be present for  both variables. As an
illustration, consider this example, In July, 1977, our 11.7 GH=z
atternuvation exceeded 8.47 d4dB for exactly 0.1% of the time. But
no measured rain rate value was eXxczeded for exactly 0.1% of the
time; the <closest were 7.69 um/hrt at 0,.099% and 6.57 um/hr at
0.103% of the time. To determine the rain rate exceeded 0.1% of
tke tipe it would be necessary to interpolate betwesn the last
t¥o values.
8.2 The Data

The tables which <£fcllow pressnt percent-cf-time exceeded
data for the rain rate (RAIN) and the rain attenuations foxr 11.7
GHz circular (AC®S), 19,04 GHz vertzical (AV19), and 28.56 GHz
(2C28) polarizations for each wmcnth and for the gquarter. The
cclumn headed PER gives the percentage of‘tige that the rain rate
or the attenunation exceeded the tdiulated value. A dot (.} in a
cclumnp geans a bin value which +the variable exceeded for exactly
that percentage of time was not in the data set.

The data in the tables were generated by the scaling prccess
outlined in Chapter 7. The Teader should keep this in mind; any
attenvations exceeding 30 @B were probably scaled and may not
accurately represent the physical phenomena involved.,

A pcint of interest is the degree t¢ which oumr tipping-
bucket rain gauge data match those recorded by the U.S. Weather

Service for the report period. Here are the comparisons.
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Accumulations in mm

Month VPIESU USHs
July 50.46 50,80
August 56,61 161.54

September 46,56 "104.90

Except for July the agreement is not good. However a detailed
cémpazison of our records with those provided by the ’USWS
indicates that in August and September the USWS site received
heavy Ttains while little c¢r no <tain reached the VPIESU campus.
or August 13, for example, 67.3 mm of rain £ell cn the USHS site
while our site received 5.84 nmnm. The difference 1in rain
accumulations is apparently a feature of the local +terrain and
tite separation between the gauges (7.2 km or 4.5 miles), and does

nct.reflect a malfunction in our equipment.
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8.3 Implications of the Data:
Effective Path Lengths-

For a uniform vain falling with rain rate R mm/hr along a

path ¢f length L km the attenuvation 3 in 4B is given by
A =‘g(R)L . ’ (8-1)

Here ¢ d1is the so-called specific attenuation im dB/km o1,
equivalently, the attenvation that would be observed along an 1
ka path for rain rate R.

Por satellite paths a statistical effective path length L ef
may be defined as the rtatic of the attenuation A{T) exceedsd for
a given percentage of time to the specific attenwmation calculated

frcp the rainfall rata R(T) exceeded for that percentage of time.

= BR(T (8-2)

The tables that follow present effective path length data
for sach nmonth in the gquarter and for +the guarter as a vwhole.

These wers calculated from the following equations for g(R).

11.7 GHz: g = 0.04541 * R {8=3)
19.04 GHz: g = 0.0%49 * R + 0.122 {(8-0)
28.56 GHz: g = 0.1238 * R + 1.9416 {8-5)

Equaticns (8-3) through (8~5) represent’ curve fits to theoretical
values of attennation (g) versus wain rate (R) for a 1 km path
for rain rates greater than 10 mm/hr. For Tainm rates of 10 am/hr
¢r more these eguations provide as geod a fit tc the theory as
the more common aR expressions., & linear formulation was used

tc¢ speed up the computaticn
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For the entire guarter's data a regression of Lef on R at
11.7 GHz for 10 < R < 50 mm/hr yields
Lef = 19,4943 - 0.56339 * R
+ 0.005718 = R * R {8-6)
#ith an R-squared of 0.9955. Equation ({8~6) follows the general
trend of Hogg and Chu's Figure 38 (1975), although our ©path
lengths are greater.

At meaningful rain rates oonr effective pathlengths for the
CCHMSTAE frequencies are smaller than those for CTS. If the rain
were horizontally siratified, the lock angle diffevence would
make

Lef (11 GHz) -= 1.28 * Lef (19 GHz) . (8=7y.
Differenczss larger than those given " by equations (8-7) may arise
frce pecularities of the local terrain or from some artifact of
tlke theoretical model.

The terrain difference is particularly intriguing. The CTS
11.7 GHz path runs almost directly above a valley while the
CGMSTAR 19 and 28 GHz paths follow rising ground until they pass
directly over the peak cf a nearby mcuntain.. An argument can be
nade for rain cells being channeled and sgqueezed by the valley
and presenting an elongated cross secticn (and hence a longsr
Lef) to +the CTS =signals than they d¢ to the COHSTAR signals.

This gquestion will be considered in later wcrk.
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8.4 Isolation Statistics
Table 8.4 presents percentage of time rlots for the 11.7 GHz
isclation during ths month of Juoly, 1977. CTIS isclation
statistics for July and August are unavailable because of the
ahtenna and spacecraft problems discussed earlier. At this time
we are unable to present isolaticn statistics <for the other
frequencies because of uncertainties in how best +o handle

periods when the receivers lost phaselock., Treating time out of

-

lcck as dead time invalidates any ccmparisons cf isolation and
rain rate; apparently an isolation scaling program similar to
that gresented for attenuation in <Chapter 7 %ill have to be

develeped. This will be discussed in future reports.



Attenuation Data for July, 1977.

Table 8.2-L.
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Attenuation Data for July, 1977.

Table 8.2-1 {continued).
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Table 8.2-1 {continued).

Attenuation Data for July, 1977.
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Attenuation Data for July, 1977.

Pable 8.2~1 (continued).
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Attenuation Data for July, 1977.

Tahle 8.2-1 (continued).

PEP

RAIN ACTS AV19 ALC28

c3s

- 62 -

Q@SN ANOC OO M Q@ 0N Nl QO O SN N - O OV @O M O N O oD M= D N
W IANUINIA W LA LN 3~ e s 3 s e ~F e D O D N e N S I N S NN s e s e e e yieed O O O OO O
QOOMCOACOQOMNCOOOOOOACOOOOOOCO00OOOOOOONQVOLOODOODCCO00
* ® 5 & & p ¥ g 8 A a8 B F g @ & g * 8 % s g T & a4 S & " S g A D a3 g st T a e T s & p P et e g

aialelslololslalelalalalalololalnlelelalalolalelalolalulwlelelelolelslnalalelolelalels]eleleliololslolele]

A0 QOOOOVOOCQOTOM (elele e

oo [elnlololelolelalslvlalelwly (elalale]
= OO0 DL & 3D G0 00 G ol A eI
wnng O e NG Y i N P O ey Tvenf~n
& % B & 8 8 " g g B 3 B 8 g T 3 B A& AT B 4T 30O R 4 % s g s P % g RN e F g el gy s R
Iy -0 0 e wed e Ohend 0 o LG Py Ot
et [TalTa T Tt i oY g ita Vs RV PN B o I T o ) [ ay=o] +1o]

- dmitdsolveXoull foslesloairale ol dosde R o] oltslepfoy O3
V= e QAP N O N N = Qi -
P % s B g % x 4 3 ¢ 4P 4 8 & 4 4 38 A 8 ¢ R g s gt gt 8 E 53 04 g9 0 s a0 E g8 s g w0
O TV P P O = OO F O ROSCS -
SO IO OO O ey OO 0 RG ON 3315 2 ot od 3
OO O [ Lot ] QO QOOOMHOO
 nad Jaed B el e faakee] feoleets DO QT
GO VO Ood FCTr oG mnd
% &4 8 A g 2 ¢ 3 & ¢ u 0 a8 ¥ & P A s S g p B e b e & B g e O a P B s " AP e RS a N B LY S s N
=P M@ oo OO QTN
R e it PT NI SN OO

L O N0 O MLt OHN P O e D €0 et O O e Q O NV O G I P M~ VN e (Y O DV O Do M ONF DT o 0 =0 O
OGN G~ GO TR NEMONO TN O N T PO BP0 e O NGO N PO M FIN OV O
$ 8 # % & % 4 2 0 4 % 0 3% 4 8 % 4 % 8 8 %k g % 3 A%t A s d e s 3 st s oan e g F e st 4 88 g0
P NI DO OSSN O~ U VOO AN FOF QOO ANNNND O =D O NN O~ M
Y P g o o S DN D A EOUAE LD DO O OB P e e e [ e - S0 0 0 Vo O DR RO O

el

OO P C M-SR O~ TN O~ O M TN O OO A OGN O O O M P LY
et e ] e OO O N IO IO N AN Y N M P M MY Y O e G P T g P N VI VA O 0 D D 0 D
YOOI IO OO I O O OO OO N G BN O O A O OO N OO A S O I D OO DA O AA S N O O o BRI e



Attenuation Data for August, 1977.

Table 8.2-2.
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Attenuation Data for August, 1977.

Table 8.2-2 (continued).
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Attenuation Data for August, 1977.

Table 8.2-2 (continued).
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AiLtenuation Data for August, 1977,

Table 8.2-2 (continued).
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Attenuation Data for August, 1977,

Table 8.2~2 (continued).
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Attenuation Data for August, 1977.

Table 8,2-2 (continued).
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Attenuation Data for September, 1977.

Table 8,2-3.
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Attenuation Data for September, 1977.

Table 8.2~3 (continued).
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Attenuation Data for September, 1977.

Table 8.2-3 (continued).
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Attenuation Data for September, 1977.

Table 8.2-3 {continued).
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Attenuation Data for September, 1977,

Table 8.2~3 (continued).
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1977.

Attenuation Data for September,

Table 8.2-3 (continued).
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Combined Attenuation Data for July, August, and September, 1977.

Table 8.2-4.
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Table 8.2-4 (continued).

Combined Attenuation Data for July, August, and September, 1977.
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Combined Attenuation Data for July, August, and September, 1977.

Table 8.2-4 (continued).
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Combined Attenuation Data for July, August, and September, 1977.

Table 8.2-4 (continued).
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Combined Attenuation Data for July, August, and September, 1977,

Table 8.2-4 (continued).
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Combined Attenuation Data for July, August, and September, 1977.

Table 8,2-4 (continued).
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Combined Attenuation Data for July, August, and September, 1977.

Table 8.2-4 (continued).
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Combined Attenuation Data for July, August, and September, 1977,

Table 8.2~4 (cgntinued).
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Combined Attenuation Data for July, August, and September, 1977.

Table 8.2-4 {(continued).
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RATN

Qus

- 83 -

Ot QUMM O3 MMNON S ODF N NG O 2 OO ~F O OO G QO O OO -F (N e S O O 0
OQQQQ99a9&8&888667777777766660666666655555555555b5444
O emd sl o=t ek e s o ol el g T ol ol ] ol ot 1o e it o b ek ok ot e o] it g o o 1t el b ek ] o ] po] pd o, i g gk, od ok ek
nc.l.v.ouo-.--owolooooq-uco-.uco.d-u.tv.u..n--QQQUQ

(Sislelslelelolslolelnlelelolalololelalolslolelolelalolol ol olel olnlw ol alololelalalu[wlelalaioln ln o e ol

WND NN A NG ON-F O NN DO DN NNSIANG GG QEIEED N DN TDIanN
ol OO M-F MDY PO NI S N N O el s ed NIV W0 L P DR DY) O
‘..-lc...ll‘...léﬂ‘.ﬂlt‘.-0-0..“.....d!.."."u..ﬂlw
LR T P> OO TOCOOOTOCOO D mmimirdodemt  mieirdrdemdmdiad IR AN

it md o ] o med ol 1 R s o e o o o ol e o e o o el eed e e 3t ]

ro < s o a0 o o o S o gxr o
FT0 [o LR ¢ [} Lol B ] oS Soe S
e Y oS ™ el o N e B oo o SO > o
Earratiel n Fal Bl D Fs) L8H N A 0 ]
T ~ M~ e} b N v S o edad M B afatiatos M~~~ o
convﬂ-uvls.o..t.-...a...c.-oil....Ot..v-no.oloctn.oot
B o - o r < - 3w [FRT WY o To¥T ST N TN s 1
I.I.h‘.!.‘....’..-!l.‘.-..c..l'lﬂ.l...i..‘lil..h-'-_
~ 0NN TON Ny T oFErn oo o Nelief ot [sokes] Gord T T =0
[ Mo L0 G P~~~ > oo [o] ) prd N Bl e = Xou]
o..O.-oco-.lloo.-uoo.o.t.boo.'..to.-.-!t.lb.t.oo-.D
I + JF¢ T 33 B g R o S G S un Lund Aty nanen o0
ﬁb789012345hT890123&5678u0123456789012345678901434ﬁb7
NO NN EOOIOOONET TS IT T T 5 TOHNLAMNNVADDUNO 08 00 00 DO L O~
44444444444#&44444444444%#44444444444444444944444»Qwa



Combined Attenuation Data for July, August, and September, 1977.

Table 8.2-4 (contiﬁued).
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Combined Attenuation Data for July, August, and September, 1977.

Table 8.2-4 (continued).
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Combined Attenuation Data for July, August, and September, 1977.

Table 8.2-4 {(continued).
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Table 8.2-4 {(continued).

Combined Attenuation Data for July, August, and September, 1977.
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Combined Attenuation Data for July, August, and September, 1977.

Table 8.2-4 (continued).
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Combined Attenuation Data for July, August, and September, 1977,

Table 8.2-4 (continued).
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gth Values for July, 1977,

[

Effective Path Len

Table 8.3-1.
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Table 8.3-1 (continued).

Effective Path Length Values for July, 1977.
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Table 8.3-1 {(continued).

Effective Path Length Values for July, 1977.
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Fffective Parh Length Values for August, 1977.

Tahle 8.3-2.
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Effective Path Length Values for August, 1977.

Table 8.3~2 (continued).
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Table 8.3-2 (continued).

Liffective Path Length Values for August, 1977. -

PATH28B
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Tgble 8.3-2 (continued).

Effective Path Length Values for Augnst, 1977.
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Effective Path Length Valuas for September, 1977.

Table 8.3-3.
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Table 8.3-3 (continued). Effective Path Length Values for Septemher, 1977.
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Table 8.3-3 (continued). Effective Path Length Values for September, 1977.
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Table 8.3-3 (continued). Effective Path Length Values for September, 1977,
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Effective Path Length Values for the Combined
Morths of July, August, and September, 1977,

Table 8.3-4.
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Effective Path Length Values for the Combined

Table 8.3-4 {(continued).

Months of July, August, and September, 1977.
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Effective Path Length Values for the Combined

Table 8.3-4 (continued).

Months of July, August, and September, 1977.
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Effective Path Length Values for the Combined
Months of July, August, and September, 1977,

Table 8.3-4 (continued).

£
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Effective Path Length Values for the Combined
Months of July, August, and September, 1977.

Table 8.3-4 {(continued).
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Effective Path Length Values for the Combined

Table 8.3-4 (continued).

Months of July, August, and September, 1977.
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Effective Path Length Values for the Combined

Table 8.3-4 {(continued).

Months of July, August, and September, 1977.
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Effective Path Length Values for the Combined
Months of July, August, and September, 1977,

Table 8.3-4 (continued).

RAIN ACTS AV19 AC28 PATH11 PATH19 PATHZS

aBs

CONI NG OND
it M MmM-oinm
FonoeCoMFNOMN
OO O F OO
el anf el vl olack, of ot olt o N3]
e 8 % § B 98 s s
NIHA NN NI AN N

HRUNONONANLING
NP2 QG D~ GDN
FONAHN O Omi~09
foalvatos RC o o SN T ol o I We ANa o
MO AN OMMD N
5 3 &8 8 8 & 8 4 4 803

VIVLL QUG o=

COCRRLOHLOLDL
CooNnM~-—~nxmn
* 3 D 5% & 5 0 & & B 8
QOCOOO ~minrd-FF
DI NN N NN A

[ BRI B
QOONM TN~
SICIOIANTE NN Y

51953152
WA= 0
S ¢ 8 2 0 b D
OSSO0 AN
N S N

T4.19
75

[ ]

L

~ 108 -

~O-0F-F D Tl NOINN DRSO N - OO
CONING TP OO =N~ G SN M
OGNNSO W e 3TN0 Q¢ O
@ =V O O M D NN O O AW SO 0N G
5690111212333443454441
% 8 4 & & F B b &2 0 B poa e d koo

4445555555555555555555

4 9 388 00 8% s O 08 83 e N ey

G % &0 8 3G e 9 0 B 3 A 3E I 00

3.59297
3.26678

3.02929
224944

624047
3.94447

LGNGO ONDOOOHNNNMOINANIID D 2 VR¥e]
16 Lt WO DN et (U O N e (Y e P P O Y O PN O Dt
$ 6 8 9 3 4 3 v s sV RO o2 e 8 03 [ I )
TP AT NI NOT T OO O O~
DL O9Q OO0 OO-OMM o oom BH

LI

i

o
. On
@ 9 & 2 8% 2 9 & % w0 VY oA e o L
oz
n.n
oQ
o0
QQ
& & 9 00 % 2 e b g b b3 D e A L
QQ
0
COOMAGTDFINOINNAGTOIFONO TN Mm
QNMAGRIT RO INHMOOCNOOONTOMN MO~
4 & B & B 8 & ¢ 5 4 v 8 & 4 s 8w AR ® S S » B
OO QO rr AINMINOD O 3 P O AT N O NN N D
OTSVTORCERDAVCTIPTOOOO AN
A ol e e - N
PO ANOFTNOMODIOC NN INY
ORI
ol e el e i aad md e el et T o e e e



Percentage of Time that 11.7 Gllz Isolation was
Less than the Indicated Value for July, 1977.

Table 8-4.
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Percentage of Time that 11.7 GHz Isolation was
Less than the Indicated Value for July, 1977.

Table 8-4 (continued).
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Percentage of Time that 11.7 GHz Isolation was
Less than the Indicated Value for July, 1977.

Table 8-4 (continued).
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table 8~4 (continued)., Percentage of Time that 1L.7 Giiz Isolation was
Less than the Indicated Value for July, 1977.

aps ICTS PERCENT
163 33.10 37.643
164 33.29 34,561
163 33.30 «H8B
166 ' 33.30 38.781
167 33.49 40,668
168 33,49 - 41,291
169 33.50 41,759
170 33.50 41.793
171 33.69 G277
172 33,69 43,148
173 33,70 43,161
174 33 .89 43,431
175 33.89 £f45180
176 33.90 44,316
177 34 .09 44,538
178 34,10 4u.592
1719 34,10 45,606
180 34.29 47,3200
181 34.30 4. 454
182 34, 30 47 465
1432 34 .40 84,240
184 Biéy o 49 549 .963
184 R4 4,49 60,075
146 24 69 60 544
1487 34,69 60.vEY
184 34,70 61.020
189 34,70 61.064
140 34 .49 6l.369
19} 34, 89 b2.255%
ie2 34 .90 HK2LZ%8
193 35,009 652,391
1G4 35,09 t1.632
195 35,10 62.679
196 5,29 64,419
197 35. 30 64 .5273
198 38 .49 bbb hb)
L99 35,49 66,006
200 35 .50 ta. 022
2(:‘] 3‘5.50 t‘;n.tll)
202 a5 . ay bt Jebhs
2032 a5, 0O 6714
z 0 15 Ry 6T.287
20% 35,.uY H7.8%6
206 35,90 o7.%6%
207 36,09 67 ..84H9
208 6,09 by . 261
200 36. 10 LY. 290
210 26,09 70,473
211 36 oY 70,953
212 36,49 TL.163
213 36,480 Ti.193
214 364,50 TY.240
215 36 .59 Tl.94a
216 Ab . LY T2.137
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Percentage of Time that 11.7 GHz Isolatlion was
Less than the Indlcated Value for July, 1977.

Table 8-4 (continued).

PERCENT

ICTS

£has
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9., COMPARTHNG TSQOLATION BATA FOR DITFERENT
FOLARIZATIONS AND PREQUENCIES

The previous chapters indicated a close Telationship betwsen
the attenuations of 19 GHz horizontally and vertically polarized
signals and between the attenuations of vertically polarized
signals at 19 and 28 GH=z. Apparently the corTesponding
isclaticns are not nearly so well correlated. Figure 9$-1, for
exanple, presents one month of 19 GHz vertical and horizontal
attennation data; thers is lit+le correlation at l1ow isclaticn
levels {say below 20 dB) and none at high values, Isolations cn
twe different frequencies on a commen Ppath show even less
correlation. See Figure 9-2 which compares 28 and 19 GHz
vertical disolation for September, 1977. Future reports will

discuss the preblem in mors detail.
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Figure 9-1. Comparison of measured polarization isolations

during September, 1977, for vertically and
_horizontally polarized 19 GHz signals
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Figure 9-2. Comparison of measured polarization isolations

during September, 1977, for 28 and 19 GHz signals.
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