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ABSTRACT

The investigations of uhf and nmicrowave tranchorizon radio

pr~pagation carried out under this contract are summarized briefly.

These include studies of fading, of wavelengtn dependence, of
median diversity effect, or anomalous propagation over irregular
terrain, and of information theoretic analysis of Troposcatter
circults. The greater pocrtion of this report is devoted to those
; experiments most recently completed, which were aimed specifically
at the determination of wavelength dependence in the 1-10 Gec/s
range, of the variability of this dependence, and of its relation,
if any, to large-scale weather patterns. )

It is concluded that, for the path involved, the wavelength
dependence of excess propagation loss does vary, in a seem;ngly

erratic manner from day to day and week to week and in.a more

consistent .2} :easonally. On the average, the higher frquencies
are more favored in summer, Unfortunately, fthe meteorgkogigal
data with which the radio results have been correlated are not
of fine enough resolution, spatially or temporally, to provide -
much insight into the connection between air mass structuré and
the propagation mechanism.

It is also concluced that the short-term medlan signal

levels on adjacert paths of a space diversity system may vary in

an uncorrelated =anner, but that this variation is consiéﬁxgbly
less than that between clrcults widely separated in frequenéy

on the same patth.

- vi -~




Finally, two recommendations are made., One pertains to
further studies directed principally at the communicaticn problem.

Tre other proposes continued investigations for geophysical purposes.

- vii -
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A. Introduction

This project has ocussed on two general objectives: (i) T
to increase our knowledge of the characteristics of uhf ard micro-
wave radio signals propagated beyond the horizon, and (1i) to
study the microscale meteorology of the troposphere and its rela-
tion to synoptic meteorology. Our approach to the first of these
objectives has involved transmission of kncwn signals over
representative franshorizon p~*hs and analysis of the signals
arriving at the receiving termirals. 1In particular, the dependence
of propagation loss (in excess of the free-space value) on frequency,
time, and position (relative receiver location) has bteen investi-
gated experimentally, and the problem of the communication
capacity of such a stochastically variable channel has been
studied theoretically. The second objective has been 2chieved,
through the same experimental work, using the beams of radio
waves as probes with which to explore the fine structure of the
atmosphere {by interference techniques). Subsequently a search
has been made for evidence of some relation between this measured
atmospheric structure and large-scale weather features, as
determined by conventional meteorological sounding technigues.

Theoretical and experimental investigation of the fading
character of transhorizon signals and of the manner in which these
rapid fluctuations are influenced by winds along the path was
detailed in Scientific Report No. 1. Initial theoretical study
and analysis &s to wavelength dependence was presented in
Scientific Report No. 2. This led to further experimentation

aimed spec.fically at the determination of mean wavelength



2,

dependence and the variabllity of this dependence. Report No. 2
had indicated trends that might be e#pected. Ls well as collecting
valuable empirical results, it was intended that this further
experimentation should test these predictions. The present
r.port is concerned with the conduct and results of these more
recent measurements.

In carrying out this work it has been possible, and indeed
necessary, tc lnvestigate several related phenomena, One of
these, the so-called median diversity effect, pertains to varia-
tions in the shortterm mean signal recelved on a single frequency
at spaced antennas. An account of thls work 1s contalned in the
present report. Intense diurnal variabtion of mean received
signal cbserved during summer days has also been studied. The
asscclated anomalous propagation of radio waves over irregular
terrain has been analysed extensively and related to local
meteorologlcal processes in Scientific Report No, 4. Scientific
Report no, 3 gave details of the development and application of
an amplitude distribution analyser that was used in this work.
The problem of information transmission via a scatter channel
was considered at some length. The (stochastic) transfer function
for such a circuit was investigated theoretically in Scientific
Report No, 5.

In the sections that follow the theoretical basis for these
more recent measurements is reviewed, the experimental and cali-

bration equipments and the fileld installations employed
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with meteorological records. Zf
B. Theoretical Basgis ’ ' .

In transhorizon radio prepagationjuwhenvﬁneﬁéffeetsf%ﬁnmean:
refraction have been accounted for (by a mag&fige@;da¥§ﬁ}éé§£he,,

curvature ), the average power rocelved, relative 4o a freesspace

path, is given by (Wheelon, 1959) . o
" i
P cd i
R=.0 L)
E )‘" 3 X ’ .

In this ezpression C ig a, con tant d is the path length,‘k,is.,

the wavelength, &y ahd gR are the normailized traﬁsm;tfer'ande,‘
recéilver antenna ga;n functions. (including ground: PEflectisﬁf

effects), Rl and R2 are the rangey from transmitber and recei&er

to the element of volume dv,}' 1s the fspectral descript;ion of

mean-square refractive index deviations at dv, and the;wave .
number k, at whichjfNj is to be evaluated, is determﬁned by ‘Be
gecmebry and A. The magnitude of k is given by .

b o) e )
k== sin B =TT e

~ where © 1s the angle between cident and soattered propagation

vectors, and the direction of k is determined by the: exterior

[P

bisector of @hose two propagqtion=vectqrs. Théwigteggatign,

-
LA
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extends over all space, although the principal contribution is
made by the so-called common volume, the intersection of the
transmitting and receiving antenna beams (above the horizon rays).

In the derivatio: of (1) it is assumed that multiple
scattering plays a secondary role in this mode of propagation.
This certainly is not always the caée; but, undey most clrcum-
stances, for most portions of the troposphere, primary scattering
iskitself so minute that higher order effects may safely be
neglected. )

Since the refractive index spectrumj{ﬁ is not only a function
ofgg, ard thus of waveiength, but also varies in intensity from
one part of space to another, and with time, it 1s important,
1f one is to study the wavelength dependence of transhorizon
propagation by analysis of signals on several freguencies, that

measureme:lts be made simulvaneously and that the antenna

patterns g_ and gR be clesely alike on the varicus fregquencies.

T
Thé latter requirement may be realized by using simllar antennas,
gcaled Yo t.ie wavelength, thus insuring identical free-space
patterns, and by scaling the heilghts of fthe antennas above
uniform foregrounds for which the reflection coefficients are
the same at all frequencies. This would provide an identical

welghting function for every elemental volume dv, independent of
frequency, leaving A the only variable in (1).

In practice it may not he convenient to scale tiie heights -
of the antennas, PFailing to do thls is nol so serious as may

at first be presumed. It leads to differenc flne structure in
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the welghting functions but does not disturb the overall envelopes;
If average results only are sought, transpépt of"thgz@qugm;fand '
thus of regions of more or less intgnsngN, thrgugniﬁhemaétéhna

patterns by prevailing winds will tend to “smear” %héfbﬁnﬁfﬁbﬁ;

fions and equalize the results,

-~ o~

The experiment here«reporbed-hés, théreeréﬁ,cShéiétgéﬁgf
the simultaneous transmission from a Eingléuéiﬁe=o£'éignéisldf
unvarying lntensity on three freguencles spanning a 10 l range
(840 me/s, 2800 me/s, and 9LOD me/s). Both transmi&tigg‘and

receiving antennas have been scaled to wavelength, thus producing

T~ e

approximately equal beamwidths sco that all channels “look” at

the same portion of the atmosphefé. Va*iations of mean received
power on one wavelength relative tc*another:areg consequently,

indicative of variations in scattered energy alone and4therefore

e

of variations in the structure of the refractive index. .Measure-
ments necessary to the accurate-de%érmiﬁgfion bf‘&ﬁfféfeﬂ@éé«in \
the excess propagation loss have been ‘made and this has been

done rxeliably and consistently over a sufficicntly long period

conditionsg.

Y g w e

Excess propagation loss (L ) is H@févdefihed*ésvthe~ra%io

" of power density (W; ) that would exist 4in the aperfure of a

recelving antenna, were the entire experiment conductad in free
space, to the power density actually obseﬂved (wz ), expressed
in db. Predictions as to the form Qf}f indicaﬁe differenCés in
Lp of only 1Cdb, or so. Cansidprablg\ ffort has had o be




expended, therefore, in order to insure that experimental and

calibration errors not overshadow the effects being sought,

C. The Experimental System

These experiments have been conducted over irregular terrain
in central New York.

1. The Path

The map of Figure 1 shows the location of the path and

its terminals in the Finger Lakes region. The path length is
approximately 108 km with the transmitters placed at Hathaway
Hill, near Rochester, and the receivers at the Tompkins County
Airport, near Ithaca. The true transhorizon nature of this
path is .deplcted By the profile, shown in Figure 2, which has
been drawn to a 4/3 earth radius to account for standard refrac-
tion., The deep lake valleys crossing the path, as well as the
rather steep intervening hills, produce considerable effect on
radlo propagation, especially on clear summer nights.

This phenomenon has been studied and reported separately
in Sclentific Repcrt No. 4. It is mentioned here only for the
reason that, as a consequence of these effecta, it has been
necessary to restrict ovservations for the experiments discussed
in this report to the hours between 1000 and 1600, thus insuring
that the principal mechanism responsible for the recelved signals
was the irregular refractive index structure in the common volume,

not diffraction or some anomalous process.

EEP AR |




2. The Overall System

N

Filgure 3 is a block diagram of the entire experimental
gystem. It shows not only the transmitters and recelvers er7
each of the three wavelengths (35.7 cm, 10.7 cm, ahdﬁ?;%;qméi
.but‘also the second set of recelvers On~S-gndhX;bghdy,f6£;%$e

study of median diversity, and the fleld strength méter thaﬁg

was employed for overall transmitter calibrations.

%. The Antennas

The transmitting and receilving antenna 1nstallauions
are shown in Figures 4 and 5 respectively: The fact. thai_ thex

transmitting antenna heights were inverse to wgvglquth was}

in fact, a consequence of structural considerations. Nonethieless,

bhe‘nature of the foreground (very irregular)1@ﬂd?bﬁfthéwh§éi?bh -
(a distant ridge) suggest that,,1n~qxderﬂt9'eQuaiizeail}ﬁﬁiﬁéﬁién
in the region beyond the horiZon.and?bengath=the‘boleéqaplqhé;
the shortest anelengthFSystemlShould~rédiate,fiom-ﬁhéfhigﬁégﬁ

point.
At both ends of the system 28 ft fiberglaé épdppbr,¢ba}é¢)

parabolic dishes were employed at 840 me/s, 10 £t aluminuﬁudiﬁhés |

at 2800 me/s, and 4 £t aluminum dishes at: 9100 me/s. On the fwo
longer wavelengths the measured beamwldths were. very nearly |
identical at 2.3°. However, on X-band it was necessary to ”
defocus the feeds in the 4 ft dishes in order teo dchleve-this.
beamwidth. All of the X-band antennas were operated in bhis «

defocused condition during these experiments,
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The antennas were aligned with the aild of the.field strength
meter (at the transmitter sitej and of auxiliary sources (at the
receiver site). These instrumehts Jere placed on-path in the fore-
grc;und (but definitely in the far-rield) of the antennas. The
test locations were carefully surve&éd to insure accuracy of
allgnment. In elevation all antennas)wgre normally operzted

with their boresights on the horizon.

L. System Calibratioen

Sirice the primary purpose of these experiments was the
determination of excess propagation loss (Lp), and its variation
with time and with wavelength, there was no need to measure
absolute r-f power levels, either transmitted or received, It
was necessary énly to measure received power density on each
frequency relative to the same standard in terms of which
radiated power from the correcponding transmitter was~determineq.
This was accomplished by using a standard signal generator as

the reference on each band.

The appropriate generator was set-up in the far-field

‘foreground of a given recelving antenna so that, when connected
to a simple test antenna of carefully meastvred gain, the power

denslty In the aperture of the receiving anfenna could be accurately

calculated. In this way the recelvers were calibrated for

operaticn as relative power density meters.
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A highly stable field strength meter waswoai;bratedafoﬁ“ S,

each band) against these same standard signal, genera ors- and@was
then placed in the far-field foreground of the transmitting
antennas (on the first r.dge in front of the transmitter site,‘v
noted-by a T on the path profile). The same test antennas vere
employed as those used at the receiver site, In this way, onﬂ‘
what constituted a line-of-sight path with negligib“e ground
reflectlons, it was possible to determine the radia edrpower

on each frequency relative to that»sa?e reference\souroe against
which the cerresponding “power density meter" atrthe‘recei?er:

gite was calibrated.

5. The Transmitters

‘ :
The transmitters were operated andamaintained by the

Stromberg-Carlson Division of General Dynamics/Electron;cspuander

CL A

'subcontraet ) Figure 6a shows the UHF transmitter, the video

portion of an RCA TTU-1B television transmitter, operated 1n a
tone-modulated (2kc/s, 25%) modefat 500:w- average carrier power.

The frequency of this trahsmitter was, of course, crystal controlIed.
The S-and X-band transmitter shown in Figure 6b wag part ofda o
GLIf111an- AN/MPN-1 GCA radar system. Magnetrons provided the<r—f
power, nominally 70w and 35w average. at 2800 mc/s and 9100 mc/s
respectively. These outputs wereapulse‘modulateowaﬁ a;crygﬁal-
controlled prf of 2040 c¢/s with a.measureo«pulse{dnratgonfofyb"T Ks.
Both transmitters were Conelrad protected to insure their -

immediate removal from the air in the eyentfof“a:Qefense g;ert.
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Thé level of r-f cubput tﬁ the antenna trénsmission line
(wéve—guide) was checked at least twice a day on each frequencys ™
No attempt was made to attach absclute significance %o these
measurements. They were used,only for dally correcfion of the
radiated power measurements made by means of the field strength
meter (described at the end of the preceding section ). )A~built-
in output power meter in the TTU=1B wag used to make these daily
cdlibratibns on WHF. On S-and X-bands directional couple *s
aﬁd—an hp QBO C mlcrowave power meter; with an hp 477 B wideﬁe
band thermistor, were ﬁsed:..Except when tubes were replaced
oriyhgn,gpecific.changes»were made in supply volbages, or the
like, these dally calibrations showed negligible variation in
r-f -power cutput on all bands throughout the course of these
eibgnimeﬁﬁé; |

-

6. [The Recelvers
S ”*'Tﬁe:UHF signal was received on a superheterodyne recelver
consisting of a diode mixer and crystal controlled local oscillator,
a narrow-band cascode i-f preamplifier-filter (200 ke/s bandwidth:);
a'ldgafiﬁhmic i-f amplifier, and an integrating d-c vacuum tube |
bridge driving the reébrder.- The dynamic range of the logarithﬁic
amplifier, one of several bullt specifically for this work,
was in excess of 60db.
The S-band and X-band signals were recelved using portions

of the Gilfillan AN/MPN-1 radar equipment as shown in Figure T.

The full MPN-l Pecelvérs were employed, one for each antenna on

¥
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feachzfrequency; Between the mixer=-i- f preamplifier and ﬁhec,
f) N LT

main i-f amplifier & sWitch—type coaxial attenuator was in§erteq,

which was used as an accurately calibrated gain.control?ﬁjTh

level of video output (2040 ¢/s pulse train ) Qrom each MPN“%
recelver was measured by an integrating a-c yacuum &rbe voltmeter,

precéded by a narrowband 2040 c¢/s filter (15 c/s: bandwidth)

addition the signals from one S-band and one X—band anﬁenna were

fed, following the mixer~~i—f preampWifierS> co iogarithmic i=--f

amplifiers. These units drove integrating, peak reaﬁing a—

P

vacuum tube voltmeters., o oL -

ot Foa

Integration time constants of 30 seconds on¢X&band andvz

B

minutes on S-band and UHF were used o remove most of tre rapid

< ‘*o_,

fading of the signals. Inasmuch as a»erage values of propagation

loss only were sought in these experiments, such electronicw’?,

integration was considered suitablee‘ S 3:”;?3f-if“

~ -\:.

i

The response: characteristic of each: complete receiving

'system (mixer input to Esterline Angus graphic milliame enJ was R

Wt
»} ’;h,

'<» \,\,

. ghange. or tube replacement Each day that the peceiverg wpre
used- a calibration was made of overall gain. This waS'egcomplished
by supplying a test signal at the mixer input w1a a directionaﬁ
couplez, and determining the intensity. required to produce‘a w0
reference cubtput indication.~ The signal generators enployed
for this purpose (GR-lOQlAU on. UHF, Navy LAG on- S~band, and hp
- 62% ¢ on xrbano)‘were»semi-permanentlyxrnstelledn‘togethegﬂwmﬁur

' the necessary cables (waveguides), and were wodylated so as to -

- “ N
s o
Vo samgrnet S oo 4

e

5 . .
e ¢ W————— W n— ro—




reproduce an near.ty a8 poopgible the charanteristi.r of Lhe
Lransmitted slegnalg, In thin way changes of system gain (rom
duy Lo day, as a consequence of tube aging, voltapge variations,
o1 oLher changes, wore accounted for, Such daily calibrations
were used o correct the calibration, as a rclative power
density meter, of each overall receiving system, Once again,

no attempt wns mude to achieve absolute calibratlions,

D. "The Measuremonts

3ome prelimin&ry data were cnllected in the fall of 1949
and in the spring of 1960 on X-and 8-band, The principal experi-
ment, however, wap nonducted from August, 1960, through July, 1961.

1. Reriody of Dete Collection

Throughout this twelvr-month periou the cntire system

wag operdated continuously for two-day intervals cach week, from
approximately 0840 Thursday to 1530 Friday, except durling the
month of December, and 4in early January, wnen eguipment malfunction
necensitated shut-down, Unfortunately, in the winter montheo
(December through March) the excess propagation losu (Lp) on
X-band was Lo great that only occasionally did the received
gignal exceed the nolse., Consequently, the datua for this portion
ol the year are biasaed in favor of those (meteorological ) situu-
tions conductive to somewhat enhanced (relatively) X-band propa-
vation,

vConsiderabLu ef'fort was expended in the development of a
post-detection correlation reception technique to combat this

slgral-to-nolse limitation and preliminary tcsts in the fall of



1961 showed promise of success., However, the contract was
terminated before the system could ke perfectéd. As 12 reéﬁlt,
no useful data were collected by this meéns. : L

As noted previously nighttime signals were often appreciably
enhanced, especialliy during the summer. This has been gttribﬁted
(sée Scientific Report No, 4) to locally peculiar anomalous.
propagation conditions. For this reason only those »ortions of
the data deriving from ﬁid—day operation (1000 to 1600) have

been included as part of the experiments that are the Suﬁject

cf this report.

2. Operating Procedure

At least twice each day of operation the generated
power levels at fhe transmitters were measured and recoraéd‘in
the station log. Similarly, before and after each two-égy
ru; the gain of each receiver was checked as described;ip
Section .,6. These calibrations, together with periodic-time
marks and the settings of the receiver switch attenuétbréf(gain
controls ) were recorded directly on the charts of the~graphic
milliammeters. The X-and S-band receivers were also checked
periodically for tuning of their loeal (klystrcn) oscillators.
and for on-scale deflection of their output recorders, A

In several specific instances, with all receivers caréfully
aligned and calibrated, the short-time average power density was

observed to decrease at one of the recelving antennas, on a given

frequency, at the same time that it was increasing at the cther
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antenna, 8uch diverglng trends continued for 10 minutes to a
half-hour at a time and occasionally resulted in as much as 5 db
difference between the mean (or median) levels. The operating
personnel were on the lookout for cases of this nature and made
special note of them on the recorder charts, when such instances
were observed and verified by checks to insure proper alignment
of all components,

Other than for tuning and gain adjustments the system ran
without attention, all pertinent information being recorded
directly on the graphic milliammeter charts, The only additional
information required for the calculation of Lp values was the
recelver response characteristics, the transmitter power levels,

and the far-fileld calibrations of hoth the receivers and the

transmitters.

2. Calibrationg

' As mentioned in Section C.6, the receilver response
characteristics were checked regularly. Test signals, the
levels of which were varied in 2 db steps, were supplied to the
recéivers and the output levels recorded. Thils was repeated
for various settings of the gain controls (switch atténuators);
These response curves were subsequently plotted and used in tﬁe 
reduction cf the data,

Far-field callbrations were performed approximately every
two months, alZhough weather conditions in winter prevented

access to the field test site at the transmlitter during December,




1Z.

January, and February. In making transmitter calibrations tﬁe
field strength meter, with i%s antennas of known gain mounted
atop the portable tower (see Figure 8), was placed directly on-
path, under the main beams of the tfansmitting antennas, and
within clear line-of-sight thereof.giReceived signals were
recorded on all three bands for several adjacent locations along
the line-of-sight 1n ordér to detect ground reflections, if any.
This appeared to be a problem at UHF only. Ultimately it was
found to be related to the tone mod@lation of the UHF signal.
From the received silgnal levels andnfrom vthe known distance
between the fiecld test site and the transmitters, 1t was possible
to calculate currection factors to be appllied to the measured
power densitles at the recelver site 1n order to determine values
of Lp. Once, near the beginning of the twelve-month experiment,
and again near the end, the antennas at both ends of the system
were checked for cdlrectional alignment. On these occaslons the
transmiuting antennas were lowered in elevation until the

gignals at the field test site maximized, so that a true callbra-

tion of radlated power could be made.

E. Analysls of the Data

It must be recalled that the primary purpose of these
experiments was the investigation of mean (or median) propagation
phenomena (over periods of the order of a day) and the identifi-
cation, 1f possivle, of characterlistlics of these phenomena with

specific meteorological situations,
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1. Sampling of tne Data

In view of these objectives no attempt was made to
determi.e, or to analyse, the rapid variations in the excess
propagation loss. On the contféry, in addition ©o the electronic
integration included in the receiving equipment a further smoothing
wags effected by visually averaging the signal records on the
recorder charts over five-minute periods. Inasmuch ag the
Tfluctuations in these records during such an interval rarely
exceeded 1 db, this operation was readlly accomplished. One
of these five-m’.nute means (at the half-nour) was then taken as
representative of each hour.

By means of an appropriate receiver response characteristic,
together with its calibration as a relative power density mever
(by the far-field ftests) and any necessary correction thereof,
as decermined by the daily calibrations, these samples from the
records were converted to values of observed power density at
the recelver site, Wro. These values of Wro were then subtracted
from the calculated free-space power density at the receilver site,
ers, derived from the transmitter far-field calibrations (corrected
if necessary for cdaily fluctuations in transmitter output) and
modified by the ratio or the squares of the disbtance between
transmitters and the trensmitter field test site (2.77 km) and
the path length (108 km). The hourly sample values of mean
excess propagation loss Lp thus determined were tavulated for
each receiving system. Altogether seven entriesg were made for

each hour:
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AN/MPN-1 receiver on X-band, righthand antenna

)
)
¢) Logarithmic receiver on X-band, righthand antenna
) AN/MPN-1 receiver on S-band, lefthand antenna
) AN/MPN-1 receiver on S-band, righthand antenna
f) Logaritimic receiver on S-band, righthand antenna
g) UHF (logarithmic) receiver, central antenna,
All succeeding analyses have employed values of Lb taken from
this tabulation (See Appendix. Table II).

2. Median Diversity Experiment

As noted previously, if the observed differences in L
between diff'erent frequency bands are to be attrikbuted to thg
change in wavelengbh (indirectly to the refractive ilndex spectral
structure]ENﬁa) and changes therein), evidence is reqﬁired that
the slight differences in receiving antenna locations (space
diversity effect) is not the basic factor responsible for the
varlations in the data. Since fivefminute average samples only
a}e analysed in this report, one would anticlpate that the
normal £ e diversity effect would be largely suppressed..
Nonetheless, there was evlidence in prelimirary work that some
residual (median) diversity’effect persisted. It was for this
reason that dual receiving systems were installed on ¥-~and S-band,

Although this co-frequency median diversity effect 1s nov
so pronounced as that evidenced between different frequency bhands,
it 1s nonethaless a real phenocmenon deserving of a satlsfactory

explanation. The measurements here reported 4are clear evidence,

AN/MPN-1 receiver on X~band, lefthand antenna e
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on the one hand, of its nercurrence and, at the same time, provide
adequate demonstration that this:;ffect alone cannot be credited
with major responsiﬁility for thelday-to-day variations in the
di.fference of L vaiués observed on the several bands.

When allowance is made for those instances that must be
laid to shifts in leibrations (ffom cne period to anotherj,
the distributions of hourly sampiea for each of several months,
as presented in Figuré 9, show a'étandard deviation of AL

between left-and right-hand recelving systems of 215 db. The

| roughly 2 db rms randpm deviatibn-in hourly five-minute samples

(for a single systéﬁ)Jimplied by these data is Soo great to be
accounted for entirely in terms of equipment performance
fluctuations. Thisgresult, together with the specific observa-
tions referred to e%flier, in which one recelver output was

noted to decrease at the same time that the output of the other

" receiver on that channel increased, cannot be dismissed as rn:re

aberations. That in a space divérsity system there 1is sore
uncorrelated variation between hdUrly samples 1s now an estatlished
fact. The cause, o Lhe other hand, of this seemingly anomalous

state of affailrs remains ambiguous.

%, Wavelength Dependcnce Study

In analysing the data to determine the frequency d:pen-
dence of the propagation mechanism and, nore gpecifically,
variations in this dependence with changes 1n meteorological
coﬁditions, two further steps were taken to suppress any

influence cf the median dilversity effect discuscsed above.,
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First, daily average.values of L were employed (averages of the
six mldday hourly samples). Secgnd,vthe mean of the two X~band
systems was used to reﬁééﬁent that wgvelength, and a similar
mean was used for S—banéiﬁ The standifd deviation_or the aifférence
between X-and S-valuesféf Lp attributﬁble to median diversity
and system uncertainty would thus befexpected to be less than
1.8 adv. | |
Figure 10 shows the distributicn of these differences
(AL -S)’ as well as those between X—éand and DIF (ALX_U) and
petween S-band and U. (ALS_U), for the entire year from August
1960 through July 1961. Figure 11 presents the same date
separately by season: summer months (June through September)
versus the rest of the year. The considerably increased Qariances
indicate that additlonal factors are involved. The prorounced
seasonal differences, both in median value and in variance,
suggest thit meteorologlcal effects may well be responsible.
However, before an attempt 1s made to ldentify any such
meteorological influence, 1t is important to note the atrong
evidence here offered in support of the day-to-day variabllity
of wavelength derendence., Figure 12 is a chronological plot of
the differences in dally-average excess propagation loss between
the various pajrs of frequencies. The fact that these AL values
change slgnificantly from one day, or one week, to the next,
ané that in 3ome instances they change by as much zs 1% db

within a month, 1s clearly indlcative of variations in the wave-
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length dependence of the propagation phenomenon. Further, the

fact that ALX 5 and AL are not equal (within experimental

17
S-U

uncertainty ) at all times, and that AL differs from twice

AL  , indicabtes the extreme complexity of the mechanism(s)
responsible for the received siénals. Cne can only conclude
that the processes involved in propagation over this short

transhorizon path in hilly terrain are intricate and variable.

I, Meteorological Factors

An attempt has been made to correlate the variations in
Aﬁ (as indicative of variations in the refractive index structure
jfﬁ(gj, and in tnhe closely related temperature and humidity structure)
-with various meteorological parameters. Surface and upper air
éoundings (radiosonde data) have been supplied by the U. S.
Weather Bureau for those weather stations nearest to the radio
path, Unfortunately the data of primary interest (upper air
temperature, humidity, and winds) are available only from 0700
and 1900 soundings and these only for the stations at Buffalo
and Albany, approximately 150 miles west and east of the path.
No detailed information whatever 1s available for the important
common volume, the region 500 to 3000 feet above the immediate
vicinity of Geneva, New York.

As a consequence Lt would be surprising indeed to find strong

correlation between the radio propagation measurements and the
available meteorological data. This 1s particularly true in the

present case in which the portion of the atmosphere principally
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involved in the propagation 1s close to the surface and %ﬁéné-
fore subject to strong surface influencé, so'that remotely
collected weather data con, at best, give a poor estimate-bf
conditions in the region of prime importance.

Nonetheless, various temperature, wind, andlstability
factors nave been deduced from the soundings for a~sambie get. .of
days throughout the year. Approximately tﬁifby/days were .
selected, in groups of two or more such that the AL value
(averaged over the 10:1 frequency range) was:reasqﬁably consistant
within each group yet covered a repreéentatiVé'range for the
set as a whole. Temperature and wind speed values\wiﬁhin ﬁﬁé
common volume (at 2000 feet) have been taken directly from}tﬁe
190C radiosonde and from the 1300 and 1900 rach soundings, In
nearly every instance data from several surrounding'weatﬁeﬁ<‘
stations have been averaged so as better tO'represent équ@ﬁiqns
over Geneva., Values of the Richardson number*, based -6n the
1000-L000 foot interval, have been calculated from similarlyﬁ
averaged data,

The results are shown in the form of scatter plots in Figure
13. There 1s 1little or no evidence of correlation between

difference in excess propagation loss and wind speed or Richardson

*Richardson number, R,, i1s the ratio of static stability to the
square of wind shear énd as such is indicative of the ratio of
the stabilizing influence of the density gradient as opposed

to the furbulence-producing effect of the wind field.
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number, On the other hand there appears to be falrly strong
inverse correlation between AL and temperature. Closer inspection
of the tatulated results (Appendix, Table I} shows that %this is
more a seasonal dependence of both parameters fthan a direct
relation. From this there follows the suggestion thatj?&(ﬁ)

tends toward one structure in the colder, less moist months and
toward a different, anq more variable, structufe during the
warmer, humlid months.

Ancther possible explanation is that this effect is a
consequence of variable mean refraction (generally less in winter
than in summer ), which in turn raises the common volume in winter
ags;well- as increas’ng the magnitude of the wave number ‘15‘ §t
"wpich IN is sampled by a particular frequency. These sl';ifts in
;iwitude and in wave number magnitiudes could be responsible for
a consistent change in the form of the refractive index spectral
structure, on which the propagation depends. That, in turn,
woﬁid account for the observed change in dependence of excess

-~

propagation loss on wavelength of the radio signal.

F. Conciusions and Recommendations

The investigations carried on under this contract have
shed light on a number of facets of tropospheric propagation
and on several tropospheric phenomena as well, Not~a11‘of these
results have direct or immediate implications of an engineering
nature. They are interesting, nonetheless, and may provide

valuable inslght in other areas of research.
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1. Summary of Results

The results of the various investigations may be summarlized
a3 follows: |

a. The primary cause of sgignal fading over troposcatter
circuits is horizontal drift perpendicular to the path a8 opposed
to turbulent motions in the atmogphere, the role of which appears
to have been overemphaslzed by numerous lnvestigators. This
conclusion stems from the discovery that the fading spectrum
induced by such horizontal drift does not lfall-off as rapldly
as the Gaussian medel assumed in previous analyses, (Sclentific
Report No. 1.)

t. The wavelength dependence of transhorlion tropospheric
propagation, at uhf and microwave frequencles, varles from day-
to-day and from season-to-~-gseason., These variatlions reflect
changes in the refractive Index structure, and there is evidence
that these changes in stXUcture are related tc other, larger
scale meteorologlcal factors, specifically the dynarle stabllity
of the tropusphere. (Scientific Report No. 2 ind Section E above, )

c. Independent variation of median propagation loss
over adjacent, co-frequency channels for perlods of from tenc
of minutes to sev:ral hours does, in fact, occur. 7This varia-
tion 1y not so great ag that between widely seperatcd freguencles,
but 1t is real and 1s, as yet, not satisfaztorily explained,

Section E above. )
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d, Greatly enhanced propagationlmay_ocuur over lrregular
terraln, expeclally on summer nights. This refleccts locally
pecullar meteorologlcal patterns that may be abtribﬁted to radia-~
tion cooling and highly moist valley bottmes (lakes), (Scientific
Report No, M,) '

e, Informa®ion theoretic analysis of a troposcatter
circult 1s presently limited by the mathematical ai1fficulty
ni expressing, in Uracbible form, the necessary join® probabllity
distribution function for the time-va?iable tranafer function
of the channel. On the Bthcr hand, with knowledge of the time
and spevtral ghructure of the refractive index varistions 1t 1
possible to calculatle theJCOherence time and coherence band-
width of a glven clrcuit; (Seientific Report No, ©.)

f, Standard Weaﬁhef Bureayu upper-alr datua, as gathered
by rediosonde techniques, are helpful ir. analysing radio prop-
agation results wher the path geometry places the common volume
a kilometer or more ahoveilevel terrain, However, the geographical,
altitude, and time repolubtion of' these data s too coarse to be
able to gain {rom them much insight into the influence of metcoro-
logical efl'ects when the common volume in below one-half{ killometer,
especially 47 the terrain.ia highly irregular. (Scientific

Report No, 2 and Section E above, )

2. Emplinmt!ona and Recommendationsg

There arc consequencen implied by thege recultsc that
may be of considerable significance, One of these Lg the lact

that, particularly on shorter paths, higher (rocquency clrcults
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can exhiblt markedly superior performunce under temperate-zone
summer conditions. It has customarilr been assumed that the
propagation loss would be less at ipwer frequencies, Aﬁobher

14 the posglble degradation of performance in diversity systems
due to the Independent variation of mediar levels. Usual analysis
asgumes equal median ;evela, and a difference of %-6 db will

Introduce appreciablefebror in the reliahility calculations. A

r

third impnrtant 1mplidation regardé‘the use of radio propagation
experiments tor geopﬁyaical expidratiod. The posgpibilities for
studyling refractive iﬁdex and related ﬁeteorological structures
by radio "sounding" tqcﬁniques, both monostatic-and bistatic,
arc demonstrated in tﬁe investigations that have been carried
out.,  The Oppurtunitiéﬂbin this vein have barely been tapped,

On the baniag of the studies hére reported two specific

recommendations are made.

Recommendation 1. Detalled analyﬂés should be made of wlde-band

silgnals received over transhorizon tropospneric clreuits., Such
studleg will lead Yo a fuller understanding of the nature and
stochuatic character of the time-variable transfer function by
whlch this propagatioﬁ mechanlsm may be described and will,
thercfore, make poaﬂiﬁle more effecbive utilization of the

radio gpectrum. 'The trénsmlusiona analysed should be of 200 me/s
bandwldth, at a minimum, and preferably of 1C00 m~/p bandwidth,

As a bLyproduct this type investigation may also yield valuable

"
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information as to the nature of the propagation mechanism
1tself, whether it is at an;” glven time primarily volume or

iayer scattering.

Recommendation 2. A second-generation version of the scaled,

multiple frequency experiment described in the earller sections

of this report should be carried out. It should involve at

least three frequencies covering a span in excess of 10:1, The
path length should exceed 300 km so 2s to insure that the crivical
portion of fhe troposphere is sufficiently above the surface to
be free of immediate terrain influence. More local (both geo-
graphically and in time) meteaggloéical data should be coliected
as part of the experiment so that the relation of propagation
“results 5o weather structure can be clearly established. Finally,
the experinmental system should permlt measurements at off-path
angles (and the antenna beamwidths should be narrow enough to
permit resolution of 1-2° shifts in direction). This will make
possible exploration of anlisotropy in the refractive lndex
structure, Recent preliminary measurements have indicated Buch
non-uniform structure occurs, and an experimental technidué by
which 1t may be studied in remote parts of the atmosphere will

be of considerable value to the dynamical meteorologists.
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G. Personnel
The following individuals contributed to the scilentific

work carried on under this contract:

Professor W. :E., Gordon
Professor N. H. Bryant

Professor R, Bolgianc, Ir.
.Research Assoclate S. M. Colbert
Fellow T. Laaspere |
Research Assistant R. P. Cassam

Research Assistant H. E. Hardebeck

In addition a number of students (both graduate and under-

graduate ) were employed from time to time #s technicians. Of

these Mr. J. 0. Moore must be noted for the extended and valuable

agsistance he supplied on a number of the projects.
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H. Previous Publications

In addition to a series of status reports, five sclentific
reports and a number of pape s have been published during the
period covered by this contract.

Sciéntific Report No. 1. "An Analysis and Re-evaluation
of the Role of Horizontal Drift in Producing Fading in Tropospheric
Scatter Propagation," by T. Laasﬁere, 31 August 1958.

Scientific Report No. 2. "A Meteorological Interpretation
of Wavelength Dependence in Transhorizon Propagation," by
R. Bolgiano, Jr., 15 September 1958,

Scientific Report No. 3. "An Amplitude Distribution
Function Analyzer," by E. E. Austein, 1 August 1959.

Scientific Report No. 4. "An Investigation of Anomalous
Transhorizon Radlo Wave Propagation over Irregular Terrain,"
by R. Cassam, 15 February 1662.

Scientific Report No. 5. "On the Transfer Function for a
Radio Scatter Channel,"” by H. E. Hardebeck, 15 March 1962,

"On the Role of Convective Transfer in Turbulent Mixing,"

by R. Bolgiano, Jr., J. Geophys. Res., vol. 63, pp. 851-853 (1958).

"Wavelength Dependence in Transhorizon Propagation," by

R. Bolgiano, Jr., Proc., I.R.E., vol, W7, pp. 331-332 (1959).
- "Turbulent Spectra in a Stably Stratified Atmosphere," by
R. Bolgilano, Jr., J. Geophys. Res., vol. 64, pp. 2226-2229 (1959).

"A Theory of Wavelength Dependence in Ultrahigh Frequency Trans-
horizon Propagation Based on Meteorocloglcal Considerations," by

R. Bolgiano, Jr., J. Res. N.B.S., vol, 64D, pp. 231-237 (1960).
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I. Related Contracts

Lk

The 1list below glves a number QF contracts Lhe work of

Rl

which was related to that of this coribract, They are identified
by the institution under which the work was. pe”formed i.
Cornell University: AF 33(616)-442 - Z'h;ifﬁ -
wo(E16)zese e
AF 30(60R):682 - f;ff; . E .
aF 30(602)-1%68 - Tl
AF 30{602)-1707 . .

University of Michigan: AF 30?602)L1985 h
General Elec?ric cdmpanyt AF 19(604}-1723
Syracuse‘UhiQersity AF 19(604)-1179
University of Téxago AF 19(60#)-2249

o n e e e

Stanford Uhngrsitge DA 360395645 5151 @ﬁfffufq; |
Navy Electronics’ﬁaboréyapyzw SR 06401, NE 1a0000;819F 6

J. Reference | o - ‘_g*{”4 if‘“fiﬁ
Wheelon, A, D., "Radio wave scattering by tropospheri@'f

irregularities," J. Res. N.B.S. 63D )'BGSﬂzaé\( ept»-Oct L959)
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APPENDIX

Tabulated Data
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Table II

Hourly Sample Values of Mean Excess Propagation Loss, L D

AN/MPN-1 X-band Lefthand Antenna (X-L)

Date/Hour 1030 1130 1230 1330 1430 1530

1960
8/h 56.5 54,5 53.5 56.5 60.5 63,5
8/5 52.0 )'1’905 51.0 5305 5405 bt
8/11 51.0 51.0 52.5 61,5 62.0 62.0
8/12 57.0 59.0 €1.5 62.5 63.0 --
8/18 - 51.5 51,5 53%.5 54,0 56.5
8/19 53,0 52.5 50.5 47.5 45,5. T
8/25 54,0 55.5 53.5 540 51,0 56.0
8/26 53.5 50.5 57.5 57.5 58,0 -
9/1 - - - - - 50.5
9/2 54,0 54,0 53.5 53.5 54,5 -
9/8 59.0 55.5 55.5 50.5 - 53.5 56.0
S/9 56*5 53.5 5g,5 57.5 55. --
9/15 6i.5 50.5 58.0 5G.5 59.5 61.0
9/16 47.0 k7,0 57,5 48.0 49,5 -
9/22 565 59.0 61,0 63.0 61.0 €2.5
9/23 68.0 67.5 66.5 6€.5 67.0 _ -
9/29 - 59.0 59.5 63.5 63.0 63.0
9/30 €8.5 69.0 68.0 63.0 61.0 -~

10/6 58.0 64,0 68.5 68.0 ° 68.0 69.0

10/7 68,0 66.5 63.5 64.0 65.0 -

10/13 61.0 66,5 >67.5 >67.5 >67.5  T0.5

10/14 60.5 61.5 62.5 63.0 " 67.0 -

10/20 65.0 64,0 65.5 67.0 £T.5 67.5

10/21 64.5 68.0 66,0 €1.5 65.0 -

10/27 59.0 56,0 58,0 60.0 58.5 62.0

10/28 65.5 64.0 60.5 62.5 65.5 ' --

11/ SIGNAL MASKED BY NOISE -

11/4% 66.5 70.0 69,5 69.5 69.5 70.0

11/10 - - 67,0 68.5 62.0 70.0

11/11 73.5 T4.0 73.5 73.5 74,0 73.5

11/17 67.0 68.0 69,0 71,0 71.5 71.5

11/18 68.0 68.5 69.5 73. _13.5 73.0

1961

1/12

1/13

1/19

1/20

1/26

1/27

2/2

2/3

2/9




AN/MPN-1 X-band Lefthand Antenna (x-1)

Da;ez?our 1030 1130 1230 1330 1430 15%0
G _

2/16 - - €7.5 71.5 13.5 75.5 --

g;%; 62.5 ; Gg.s 59.5 65.5 73.5 65.5
2 :

2/24 '

3/2

3/3% 65.5 66.% 68.

5/9

3/10

3/16

3/17

3/23

2 /24

7

7

3;37.'3 System Inoperative

4/14

4/20

4 /21

4,2

4 /2

5/% 70.7 67.7

5/5 -~ -

5/11 53.2 52,7

5/18 64.2 65.7
5/19 67.2 66.7
5/25 61.3 Tx off
5726 . 70.8 70.3
G/Q'} System Inoperative

1.5 71.0 1.5
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(¥-L)

AN/MPN-1 X-band Lefthand Antenna

1230 1430 1530

1230

1030

Date¢/Hour

1130

1961

€0.,0
6}09

OO OO

L ] - - -
O
MG th\O

OO Ot

Qb=
WD WO



7.

AN/MPN-1 X-band Righthand Antenna (X-R)
Date/Hour 1030 1130 1230 1330 1430 1530

1960

8/ 61..5 59.5 57.5 60.5 61,0 62.0
8/5 51.5 49,5 52.0 55.0 54,5 --
8/11 54,0 58.5 60.5 61.5 61.5 61.0
8/12 57.5 61.0 65.0 65.0 E4,0 -
8/18 61..0 54,0 53.5 55.5 55.5 58.0
8/19 55.0 54,5 53.5 51.0 48,0 -
8/25 - -- -- 52.5 54,5 57.0
8/26 54,5 53.5 59.5 60.0 61.0 -
9/1 -- - - 53.5 54.5 50.5
9/2 £2.0 52.5 52.5 52.5 52.5 --
9/8 57.0 54,5 54,0 48,0 50.5 54,0
3/9 57.0 54,0 57.0 57.5 55.0 --
9/15

9/16

3/22

9/23

9/29 - - - - 65.C 62.0
9/30 £9.5 72,0 69.0 70,0 68,5 -
10/6. 59.5 67.5 71.5 71.5 71.0 73.0
10,7 69.0 68.0 65.0 66 0 67.5 -
10/13 >60.5 65.0 63.0 63,0 61.0 4.0
10/14 67.0 68.0 69.5 70.0 73,5 --
10/20 65,90 66.0 66.5 &7.0 68.5 68.5
10/21 66,0 69,0 66.5 64,0 66,0 -
10/27 65,0 61.0 61.5 64,0 64,5 69.5
1¢/28 70.5 69.5 68.0 70.5 73.5 --
11/3% SIGNAL MASKED BY NOISE
1174 7.0 T7.5 775 7.0 7.5 775
11/10 - -- 63.5 73.5 71.5 72.0
11/11 75.5 75.0 75.5 75.5 75.5 75.5
11/1 65.0 66.5 68.5 70.0 72.5 73.0
11/1 66.0 66,0 67.5 73.0 4.0 74 0
1961

1/12

1/1%

1/19

1/20

1/26

1/27

2/2

7

2/9

2/10

2/16 81.0 82.0 MOISE 2
2/17 77.5 7€.0 79.5 80.0 82.0 80.0

idrmcs® 2 Cormnare > e § -
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38.

. AN/MPN-1 X-band Righthand Antenna (X-R)

m:@m& e g

Datlng/fliour 10%0 1130 1230 1%30 1430 1530

2/23
2/24
3/2
7
3/9

3/10
3/16
3/17
3/23
3/2k

3/30
7

4/13
4§iu
4/20

M AERE)

5 /i 72.0 T1.0 70.5

! 5/11 57.9 58. 4 60.4

5/18 68.6 69.1
5/19 72.1 71.6
5/25 60.5 -
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39.
AN/MPN-1 X-band Righthand Antenna (X-R)
Date /Hour 1030 1130 1230 1330 1430 1530
1961
7/25 48.6 53.1 54,1 56.6 60.6 71.6
g/é 52.6 58.6 62,6 62.6 62.6 -
/f 57.3 57.8 58, % 59.8 62.8 65.8
8/4 53.3 58.8 61.3 62.3 64,8 -

o ——.




SR TR YR

Logarithmic X-band Righthand Antenna

%0,

Date/Hour 1030 1130 1230 1330 1430 1530

1960 , :
8/4 60.0 58.0 57.0 55,0 60.0 60.9
8/5 53,0 50,0 53,0 56.0 55,9 -
8/11 55.5 58.0 62.0 62.0 63.0 62,0
8/12 In excess of 63 d% (signal in noise)

8/18 - 511'00 53.0 5600 5660 5800
8/19 56.0 56,0 54,0 50,0 50,0 _—
8/25 - ~= -~ 54,0 5545 55.5
8/26 55.0 54%.5 60.5 0. 63,5 -
9/1 - hadnd bttt 56o 5405 - . 52.5
9/2 52.5 54,0 54,0 54, 5h.5 -
9/8 56,5 55,5 5%.5 50. 52.0 54,0
9/9 56.0 53.5 56.5 59. 55.5 --
9/15

9/16

9/02

9/23

9/29 SIGNAL MASKED BY NOISE

9/30 SIGNAL MASKED BY NOISE
10/6 SIGNAL MASKED BY NOISE
10/7 SIGNAL MASKED BY NOISE
10/13 63.0 69.5 >70.5 >70.5 >70.5 >T0.5
10/2.4 63.5 63.5 66.5 65.5 69.5 -
10/20 SIGNAL MASKED BY NOISE
10/21 SIGNAL MASKED BY NOISE
10/2g 65.5 61.5 63.0 65.5 65.5 70.5
10/2 70.0 70.0 68.5 >T71.0 >71.0 -—
11/3 - SIGHAL MASKED BY NOISE
11 /4 SIGNAL MASKED BY NOISE
11/10 SIGNAL MASKED BY NOISE
11/11 SIGNAL MASKED BY NOISE
11/17 66.0 66.0 69,0 - - -
11/128 66.0 65,5 66,5. 65.0 - -
1961

1/12

1/13

1/19

1/20

1/26

1/27

2/2

2/

2/9

2/10

2/16
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Date/Hour
1901

Logarithmic X-band Righthand Antenna

1030

41,
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s
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Logarithmic X-band Righthand Antenna
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Lefthand Antenna (S-R)

S-band

AN /MPN-1
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e

4,
AN/MPN-1 S-band Lefthand Antenna (8-R) -
| Date/Hour 1030 1130 1230 1330 1430 - 1530
1961 ‘ , ST
2/17 58.7 60,2 61,2 62.2 6.2 = 60.7
2/23 62.7 65.7 65.2 65.7 63.2. . 63.2
2/24 61.2 62,7 64,7 63.7 63.8 62.2
’352 60. 60.7 61. 62. i . et
3 0.7 0. 1.7 2.2 1.7 - 61.7
3/9 62.7 63.7 64,7 6h.7 6B 63.2
3/10 61.7 62,2 62,2 61.7 60.7T 60.2
3/16 61,2 61.2 61.2 62.2 62,7 62.2
3/17 61,2 61.2 60,7 61.2 61:.2 61,2
3/23 -~ - — .- 62.2 52.2
3;24 61.7 62.2 62,2 61.2 61.7 -  62.2
3/30 : o
Eéél 58.7 59.7 60.7 62.7 €3.7T 63.7
/7
k/13
4/1h _
4 /20 60.5 62.0 62.5 62.5 6z ,0" 62.5
h/21 63.5 63%.5 63.5 62.5 61.5 62,0
352 62.0 62.5 65.5 63.0 - 63.0 62,0
2C : SN st
5/4 63.5 63.5 63.5 63.5, €0 .. 60,0
5/5 ~- 63.5 53.5 63,5 0 Gilk5. . -
-~ 5/11 52,2 52,2 53.7 532 BT 5.7
- 5/12 63,2 62,2 62,2 61.7 o S
. BA8 625  6h.3 648  63.8 ?}.ég . 59.8
. 5/19 63.3 64,3 &4,8 64,8 b8 . --
5/25 64 .4 - 66,4 669 BTk - . 66,4
2;26 69.9 68.9 68.9 67.9  --br.H4 . --
1 T
6/2 R
?58 67.1 €6.6 67.1 65.6 BT 64,6
/9 A. : -
6/15 68,2 69,2 70.2 N - 7 70,2
6/16 59.7 62.2 €3.7 6.2 A% IR
t./z2 59.7 58.2 27.2 57.T 57 -7 59.2
6/23 63,7 63.T 64,2 ok, T L -
6,/29 67.6 67.1 65.6 65.6 o 66,6
6€/30 70.6 70.1 62.6 85,1 > 63,1
7/% 59.6 - B T 58.6 60,1 , -
Tr . )
/7 62.2 65,7 60.2 61.2 64,2 --
T/13 55.5 56.5 56.5 59.0 58,5, 58.5
T/14 61.0 60.5 59.5 61.0 - --
T/18 68.3 66.8 66.3 66.8 64,8 65.8
7/19 58.3 59.8 62.8 62.8 63.8 62.3 A




;

s, 5

AN/MPN-1 S-band Lefthand Antenna (S-R) i’
Da’ceégour 1030 1130 1230 1330 1430 1530

1961 ' ,

7/20 - 61.8 63.3 62.3 65.3 66.3
7/21 60.8 59.3 59.3 60.8 62.3 62,3
T/2 47.3 51.3 62.3 63.8 65.8 64.3
7/2 59.3 62.3 63.% 61.8 65.3 e
8/3 64,6 64.6 65.1 66.1 67,1 8.1
8/u 59.6 61.6 62.6 63.6 64 .6 -
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47,

AN/MPN-1 S-band Righthand Antenna (S-L) ~
Datiégour 1030 1130 1230 1330 1430 1530
961
2 /23 £0.8 62,8 61.8 60,8 60.3 60,8
2/24 60,3 62,3 62.3 62,3 69.3 68.3
3/2 - - - - .- 61.3
3/3 56,2 57.3 58,3 59.8 59.3 59.3
3/9 65,3 65.8 65.8 65.3 63.8 63.8
%/10 61,3 61.8 61.8 61.3 60,8 60.3 -
3/16 62,8 62.8 62,3 63.3 63.3 62.8
3/17 62,8 62,3 62.3 61.8 61.8 62.3
3/23% - -- - -— 66.% 66,3
>/2% 65.8 67.3 66.3 65.3 65.8 67.3
3/30 _
3/31
% /6
4/7
i .
4750 61.0  63.0  62.5  62.5  63.0. 62.5
L4 /21 65.0 65.5 64.2 63.0 - . 59,0 - 57.0
ﬁ;ég 62.8 62.3 62. 61.3. 60,8 60,8
5,/4 62.7 63.2 64,2 64,2 . 65¢2-i . 61,7
5/3 -- 62.7 62.7 62.7. . 63:7 . ==
5/11 51.2 51.2 54,2 53.T . 55:2-%"  56.T
5/12 65,7 70.2 69.2 67,7 6T fn . .-
5/18 5%.7 55.7 55.7 52.7 5.2 3o ) W
5/19 55~2 5602 5607 5707 . 58402 ‘""
5/25 53,2 -- 55,7 56.2- © BbL2" 53.2
2%26 62.7 61.2 61.7 61.7 61T - --
1
6/2 S
248 64.2 63.7 66.7 60.2 60:2° . 60.7
9 - o
6/15 60.0 60.5 62.5 64.0 62.5. 63.5
6/16 53.5 57.0 58.0 60.5 625 -
6/22 56.5 55,0 5%.0 54,5 5.0 . 56.5
6 23 58-5 5805 5805 5700 '7'0-5‘ ) A -
6/29 57.0 56.5 54.5 56.0 56,0:: © Bk,0
6/30 63.0 62,0 57.0 61.0 = 570 = 56,0
;/% 57.5 56.5 57.0 58.5 - 59,0 --
T7/7 68,4 69.4 63.4 65.4 65.9 -
7/13 54,6 54,1 54,1 59.6 .6- 61.1
7/1)‘;’ u8.1 '48.1 u7.6 )"'8.1 "" ) - -
7/18 6%.6 62.6 59.1 58.1 59.1 60.1
7/19 56.1 56,1 60.6 59.6 60.6 58.1




48,

AN/APN-1 8-band Righthand Antenna (s~L)

Datféggur 1030 1130 1230 1330 1430 1530
7/20 58.1 61,1 61,1 60,1 63,1 62,6
/21 58,1 57,1 58.1\ 60.6 67,1 61,6
7/25 51,0 8%.0 58,0 1.5 63,0 71.0
7/2 54,0 64,5 66.0 67.5 68,0 -
e/ 60.2 61,2 62,2 63,2 64,2 66.7
8/k 54,2 57.2 58,7" 61,7 62.2 -
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S~band Righthand Antenna
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51.

Logarithmic S-barid Righthand Antenna

Date/Hour 1030 1130 1230 1330 1430 1530
1961
T/24 62.3 59.3 55.3 54%.3 55.3 54.3
7/25 59.3 60.3 55.3 - -- --
7/2'é 53.0 56.0 61.0 64,0 66.0 66.0
g/é 53,0 61.0 61.90 63.0 63.0 68.0
// 55.8 56.8 59.8 60.8 61.8 63.8
8/4 52.8 55.8 56.8 58.8 60.8 -
8/10 51,9 51.9 k9.9 53.9 50.9 51.9
8/11 54,9 58.9 58.9 55.9 54,9 -
8/11
8/1
8/22
8/23
8/28 - - -- - 63.5 68.5
8/29 65. 63.5 64,5 63.5 64,5 64.5
8/30 67.5 68.5 67.5 67.5 64.5 63.5
8/31 68.5 6E€.5 66.5 66.5 65.5 65.5
9/1 66.7 66.7 67.7 - - -
9/7 2.4 3.4 ~-- .- -- 3.4
9/8 6209 65¢Ll’ 710)"’ - - 73-4
9/9 68.4 68.4 71.4 3.4 T2.4 T72.4
9/10 66.5 68.5 69.5 69, 69.5 69.5




2
9 "520
I garithmic UHF Center Antenna . - B
Date/Hour 1030 1130 1230 1330 - 30" - 15%0
1960 s e
8/4 63.5 64,0 64,0 65.0-7 68,0 - 64,5
6/5 63.C 63.0 63.5 63.5 - == -
gﬁ% No Data--Equipment Inoperztive LT ,
8/18 63.0 - 66.0 67.0 64,0 64,0 - 60,0
8/19 62,0 63.0 64,0 59.0 - 950 ==
8/25 6%,0 66.5 66.0 67.5 6655, . 66.5
8/26 65.0 70.0 69.5 69.0 69.5 .. -
9/1 58.5 60.0- 57.5 57.5 . 55.0 €3.0 ;
9/2 3.5 65.0 45.0 64,0 - 65.5 - ;
9/8 64.0 65.0 66.0 63.5. . 61.5° 61.5 '
9/9 68.0 65.0 66.0 , 64,5 . 600 —
9/15 66.0 72.0 73.0 TH.0 72.0. .-, ©67.5
9/16 418.0 51.0 58.0 61.0 6357 e
9/22 58.5 63.0 66.5 67.5 © = 6T.0 65.5 |
S/23 61.5 63.5 67.5 67.5
9/29 == - - 67,0
lg/go 1. TL.5 T1.5 1.0
10/7 59. 61.0 63.0 62,5
10/13 65.5 68.5 70.6 - 69,5
10/14 69.0 70.5  T1.0 LG~
10/20 - -- - L= |
10/21 53, 52.5 53.5 53.0° e
10/27 47,0 18,0 50.5 . 5040 -
11/4 60,0 50,0 60.5 - 60.5
11/10 60.5 61.5 63.0 6k, 5
11/11 64,5 64,5 65,0 6550 ~
11/1 52,0 52.5 52.5 52.0 .
11/1 - -— - C e
1961
1/12 - - - -
1/13 -- o~ -- . ==
1/19 59.5 56.5 58.5 58.5
1/20 58.5 59.5 57.5 57.5
1/26 56,5 36.5 55.5 555
1/27 53.5 55.5 56.5 - 55,5 -
2/2 57.5 55.5 61.5 9.5 . -
253 52.5 5.5 54,5 55,5
2 59.5 60.5 61.5 60.5
2/10 63.5 66.5 67.5 65.5
2/16 59.5 63.5 62.5 62.51
2/17 59.5 61.5 63.5 64,5
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53.
Jngarithmic UHF Center Antenna

Date/gour 1030 1130 1230 1330 1430 1530
1061,
2/23 60.5 64.5 61.5 63.5 62,5 61.5
2/2h - 56,5 59.5 €0.5 62.5 0.5  59.5
3/2 - -— - - - -—
3/3 61.5 61.5 64,5 65.5 64,5 64.5
3/10 61.5 62.5 62.5 63.5 62,5 61.5
3/16 62.5 61.5 60.5 59.5 59.5 59.5
3/17 59.5 59.5 59 5 59.5 58.5 59.5
3/23 - - - -~ -- 56.5 57.5
2/21 59.5 59.5 59.5 61.5 60.5 60.5
4/7 - - - - - -
/13 - - - - - -
4 /1% - - - -—
4 /20 63.5 63%.5 63.5 61.5 61.5 62.5
4 /21 65.5 65.5 65.5 65.5 62.5 60.5
ﬁf% 58.5 57.5 57.5 57.5 57.5 59.5
5/4 6k4,5 63.5 63.5 64.5 63.5 64, 5
5/5 6705 6705 705 67 5 67-5 hta
5/11 59,0 61.0 63.0 65.0 66.0 66.0
5/12 67.0 68,0 70.0 71.0 69.0 -
5/18 56.0 56.0 55.0 52.0 54,0 52.0
5/19 54.0 55.0 55.0 55.0 55,0 --
5/25 55.0 56.0 60.0 59.0 59,0 53.0
2526. 55.0 55.0 5€.0 56.0 57.0 --

1 - - - - - -

6/2 — - - - -
6/8 65.5 66.5 66.5 61.5 67.5 61.5
6/9 70.5 68.5 67.5 66.5 66.5 -
6/15 59.5 €0.5 59.5 60.5 61.5 59.5
6/16 59.5 61.5 60.5 60.5 60.5 --
6/22 62.5 59.5 57.5 59.5 61.5 60.5
6/23 64,5 61.5 61.5 50.5 61.5 -
6/29 65.5 65.5 65.5 68.5 65.5 62.5
61/-20 66.5 6[05 66-5 6505 6905 6505
7/1 59.5 60.5 50.5 60.5 61.5 -
7/6 58.5 61.5 61.5 60.5 60.5 60.5
T/7 59.5 60.5 55.5 55.5 56.5 -
7/13 51.8 52.8 52.8 52.8 53.8 55.8
7/14 55.8 55.8 55.8 55.8 54.8 --
7/20 - 1.5 63.5 64,5 61.5
7/21 57 5 57.5 57.5 58.5 57.5 --
7/25 16,1 47,1 31.1 50.1 49,1 50,1
7/2 46,1 k9,1 8.1 h7.1 47.1 -




1030

 Mamem Bt A
B ) RS S
IO ;{J«
SIS el

Logarithmic—UHF = Center Antenna

1130

1230

1330

8/% 2.4 53,4 53,
8/4 9.4 2314 T B3
8/10 50.5 9,5 50.
8/11 - 55.5. 56.
8/1 52,5 53.5 54,
8/1 55,5 53.5 55,
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Figure 5. R2ceiving Antennas
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Figure 8. Far-Field Calibration Set-up
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