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ABSTRACT

The investigations of uhf and microwave tranvhorizon 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 troposeatter

circuits. The greater pcrtion 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 Gc/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 seemingly

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

consistent .c easonally. On the average, the higher frequencies

are more favored in summer. Unfortunately, the meteorological

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 structure and

the propagation mechanism.

It is also concluded that the short-term median signal

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

an uncorrelated -manner, but that this variation is consideably

less than that between circuits widely separated in frequency

on the same path.

- vi -



Finally, two recommendations are made. One pertains to A

further studies directed principally at the communication problem.

The other proposes continued investigations for geophysical purposes.
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A. Introduction

This project has focussed on two general objectives: (i)

to increase our knowledge of the characteristics of uhf and micro-

wave radio signals propagated beyond the horizon, and (ii) 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 known signals over

representative transhorizon p: hs and analysis of the signals

arriving at the receiving terminals. in particular, the dependence

of propagation loss (in excess of the free-space value) on frequency,

time, and position (relative receiver location) has been investi-

gated experimentally, and the problem of the comnuilication

capacity of such a stochastically variable channel has been

studied theoretically. The second objective has been achieved,

through the same experimental work, using the beams of radio

waves as probes with which to explore the fine structure of the

atmosphere (by inzerference 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 techniques.

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 as to wavelength dependence was presented in

Scientific Report No. 2. This led to further experimentation

aimed spec.fically at the determination of mean wavelength



dependence and the variability of this dependence. Report No. 2

had indicated trends that might be exlpected. As 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, to investigate several related phenomena. One of

these, the so-called median diversity effect, pertains to varia-

tions in the shortterm mean signal received on a single frequency

at spaced antennas. An account of this work is contained in the

present report. IntensE diurnal variation of mean received

signal cbserved during summer days has also been studied. The

associated anomalous propagation of radio waves over irregular

terrain has been analysed extensively and related to local

meteorological processes in Scientific Report No. 4. Scientific

Report 3o, 5 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 field installations employed
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are described, perf'ormanae caf the actual-epriet _11 ~e~ie d

and the resulting da~ta are presented., aayeadc ae

with meteorological1 records-. K

B. Theoretical Basis

In trafts~horizon radio propagation,. whent 'the ,,XOectswf meani

refr?.ction have been accounteq if or (by a mod'ifiaic 'f "a''h-

curvature), the average power reco~~e, rela;_tiVe ta£epc

path, is giyen by (W'neelon., '99

2.

'FS "A ~ R

In this eXpression Q_ is a_.constaiit,i d is t hept lnth ~~

the wavelength, 4, arid g,- 4.re the ,horma_1ied 7t*, rf'it~er

receiver antenna- gain Punc tons. (icludiO r~~~fti~

ef'fects), R and. R' are,. the rahgep frm traiiitter ftd: -reqe;iver

to the element of' volume div,,i is, the spectr6l discrip t i ''o

mean-square ref'ractive index deviation, -at dv, _and the, maVe,

number k, at whih stob evaluated, _s eO ,e b '

geometry and ?.The magnitude of' ik is, given,"by

k ~Sin )

where Q is the angle between. AxY6ient. anid, scattered prpaation.

vectors, and the direction-of' cis, 'eter.%ined" by _,tht ext eftio

bisector of' those two propaga-tion 'vectors. ThV i 4t gx'--Po,

.~ . ~ ......



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 case; but, undev most circum-

stances, for most portions of the troposphere, primary scattering

is itself so minute that higher order effects may safely be

neglected.

Sincr! th.- refractive index speztrumFN is not only a function

of k, and thus of wavelength., but also varies in intensity from

one part of space to another, and with time, it is important,

if one is to study the wavelength dependence of t)anshorizon

propagation by analysis of signals on several frequencies, that

measurements be made simulianeously and that the antenna

patterns g and g be closely alike on the various frequencies.

The latter requirement may be realized by using similar antennas,

* scaled to tie wavelength, thus insuring identical free-space

patterns, and by scaling the heights of the antennas above

uniform foregrounds for which the reflection coefficients are

the same at all frequencies. This would provide an identical

weighting function for every elemental volume dv, independent of

frequency, leaving N the only variable in (I).

In practice it may not be convenient to scale the heights

of the antennas. Failing to do this 13 not so serious as may

at first be presumed. It leads to differen6 fine structure in



the weighting functions.-but does no t , d isti.4b the overall en'veoPes 10

If average results only are sought, transpo6it of th~ tfe~d;ui, and

thus of regions of more or less intense:N through hb ,at'n

patterns by prevalling Winds will tend to "smear" 0he Xcotiu-

tions and equalize the result8,,

The experiment here reported, has, the§retori, cohndi~tedl- of

the simultaneous transmission from a Aingl& site of -signals6 of

unvarying intensity on three frequencies spanni~g'4a 1Q'1,range

(840 mc/s, 2800 mc/s, and 9100 mc/s). Both .transin1tti0g-and

receiving antennas have been scaled to wavelength,- thus" Dro~duciiig

approximately equal beamwidths so that -all chan~nels "10k at

the same portion of the atmosphere. Va_+-ati'o6s -fmek.ni r~c~ived

power on one wavelength relative toQ &npt46r are eos4uently,

indicative of' variations in scattered6tO enryaone; 4, theeor

of variations in the structure of the, refractive index . Me 4-sure-

ments necessary to the accurate determination of d' gi:tfdc&in

the excess propagation loss have been made ah d' this'a

done reliably and consistently over a suf4nl 7g4 pqrp

of time to experience wide variations in. ar-caeeAther

con P,,LOni.

Excess propagation loss (L )is h1er& dbf4-ned ia the- rtio
p

of power density (Wr )-that would exist -in- the a6p, trtux pC ,a

receiving antenna, were the entire experiment cohducted in, free

space, to the power density actually, obsi~red (Vr ), ejtzxe"sed

in db. Predictions as to the fo~rm 9ffN ini ate fiIererice's in

L of only 10db, or so. ConsiderabJ.Q-erfoit;M ha hd' -to ;be
p
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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 transhorLzon nature of this

path is depicted 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

radio propagation, especially on clear summer nights.

This phenomenon has been studied and reported separately

in Scientific Report No. 4. It is mentioned here only for the

reason that, as a consequence of these effects., it has been

necessary to restrict observations for the experiments discussed

in this report to the hours between 1000 and 1600, thus insuring

that the principal mechanism responsible for the received signals

was the i"regular refractive index structure in the common, volume,

not diffraction or some anomalous process.



2. The Overall Sjtem

Figure 3 is a block diagram of the enttir e .&xpeimental'

system. It shows not only the transmitters and -Jeceivir-S T'f r

each of the three-wavelengths (35.7 cm, 10.7- cm, ahd' -3$cm)

but also the second set of receivers on. S-and_.X-band,_ or the

study of median diversity, and the field strength' meter t~

was employed for overall transmitter calibr:Ations.'

3. The Antennas

The transmitting and receiving anter~Pa installatPions

are shown in Figures 4 and 5 respectivel- The facdt tha-g_.the&

transmitting antenna heights-were iniverse to wa:velength was,

in fact, a consequence of structural, cohsideratiohqs. 1Nonetieless',4

the nature of the f oreground (very irpreg-ular') an"d:of h h±z

(a distant ridge) suggest that,., in-ordaer to, equal'ize illuijilation

in the region beyond the horizon~ and -beneath the hoizotn pj.ahe,

the shortest -wavelength -system. should- -rzdiazte fr om the. - JighestU

point.

At both ends of the system 28 ft fiberglas (copp cte)

parabolic dishes were employed at' 840 mc/s, 10-ft Aluminum, di3his

at 2800 rnc/s, and 4 ft aluminum dishes at; -9100 inc/s.- "Qh t'he wo_

longer wavelengths the measured bearnwidths were,.very perl-

identical at 2.50. However, on X-barnd-it.wa neces$ary,' to

defocus the feeds in the 4f ft dishes in order t6 ach-iee--t~hs

beainwidth. All of the.X-band antennas were operalted in this-:

defocused condition during these experiments.
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The antennas were aligned with the aid of the. field strength

meter (at the transmitter site) and of auxiliary sources (at thg,

receivex site). These instruments were placed on-path in the fore-

ground (but definitely in the far-filad) of the antennas. The

test locations were carefully surveyed to insure accuracy of

alignment. In elevation all antennas were normally operated

with their boresights on the horizon.

4. System Calibration

Since the primary purpose of these experiments was the

determination of excess propagation loss (Lp), and its variation

%ith time and with wavelength, there was no need to measure

absolute r-f power levels, either transmitted or received.. It

was necessary only to measure received power density on each

frequency relative to the same standard in terms of which

radiated power from the corresponding transmitter was determined.

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 receiving anterua so that, when connected

to a simple test antenna of carefully measrred gain, the power

density in the aperture of the receiving antenna could be accurately

calculated. In this way the receivers were calibrated for

opdration as relative power density meters.
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A highly stable field strength meter was ,calib~rated 'i

each band) against these same, ttandaid tignal,, generator ,rszidi was

then placed in the far-field foreground of _t~ transr~itting

antennas (on the fix'bt r.Ldge in. front, of the transm tert~e

noted-by a I-on the path profile.),. The same: te't -ntnnas,, , -ere

employed as those used at the receiVer site-. ~nthit ay,- on.

what constituted a line-of -sight -path with neglI gibl- grpund

reflections., it was possible -to determine the 'radw'atedr ppw~t

on each frequency relative to thats same referenee source again st

which the corresponding "power' de4sity -meter" at the, receiver'

site was calibrated.

5. The Transmittets,

The la'ansrnitters. were operated., and, malntai ned-,,'' b th-

Stromberg-Carlson Division of General, bi

subcontraOet. Figure 6a shows the U1 tr~sritter , th4p yid~gi-

portion of an. RCA ttU-l1b television transmitterbpraed. n

tone-mbdulated (21cc/s., ' 5%) miode ;at 50wpvrg ax~rpower
The frequenoy of -this transmitter Was-, of course,, c'stl k' 6trol'd

The, S-and X-band transmitter shown ln 'Figur~e -6b waspar 6

GiIlftllan 0/APN'- 1 GOA radar svs~tem. Mantrx 0 ~v'ii ., the -f

power, nominally 70W and 35w aege 'at 2800; inc/P An 9~0mc/sI

respectively. These outputs were pulse 'modulated" a$ A cry6tal-

controlled prf of 2040 c/s with a-measured pulae d.ration, o' .7 ps.

Both tx'ansritters were. Conelrad protec~ted to Insuire. t1i--

immediate r-emoval from the air in -the eveiit- f,'d ad efe le:it.
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The level of r-f Output to the antenna transrrission line

(wave-guide) was checked at least twice a day on each frequencyo

No attempt was made to attach absolute significance to these

measurements. They were used only for daily correction 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-lB was used to make these daily f

calibrations on TIAF. On S-and X-bands directional couples a

and an hp 430 C microwave power meter, with an hp 477 B wide- v

band thermistbr, were used. . Except when tubes were replaced

or- when fspecific changes were made in supply voltages, or the

like, these daily calibrations showed -negligible variation in f

r-f power output on all bands, throughout the course of these

experiments.

. The Receivers

The, UHF signal was received on a superheterodyne receiver

copipisting of a diode mixer and crystal controlled local oscillator

a narrow-band cascode i-f preamplifier-filter (200 kc/s bandwidth),

a ldiarithmic i-f amplifier, and an integrating d-c vacuum tube

bridge driving the recorder. The dynamic range of the logarithmic

amplifier, one of several built specifically for this work,

was in excess of 60db.

fc
The S-band and X-band signals were received using portlons

of the Gilfillan AN/MPN-1 radar equipment as shown in Figure 7.

The full MPN-1 receivers were employed, one for each antenna on



e6ach frequency'.. beLtWeenl the mce-i-fpreamifie 1r"' and :,h6,

main i-f amplifier~d a switch-tYpe coaxial. atterhuat6r, w".s in, xte4'
.whch asused as an accuraite!ly atl-ibr ated :.gaini- "o'to. h

level of video -output :(2O0O c/s pul~se tan~rmeihMN'

receiver was. measured by an initegrating, a-c vacuumi "t~ube yo-tm6r,

peeded by a narroWbaid !0OI0 c/a fi-6~(1 /s b8Lndwidtii). I n

addition the signals- from- one: S-band' and- oneX.n an O'M4,. were- -

fed, following the mixer--i-f pemfes- olgzi~hi ~

amplifiers. These units drove integrating Araded~n -

vacuum' tube voltmeters.

Tntegratipn time constants of 50 econds qaX-ai and;a 2-

iminutes on &-band and U1IP were- ied: to remov e .most' pf 't~aid.

fading of the, signalii. 'Inasmuch. -as- avera'e 4aihs of roagato

loss -only we-re sought in these-expe riments, .zilh 61ectrbniq~-

integration was con sidered suitable . ~

The response. c.haracteristic of eahcml rrcivin

system- -(mixer-Input to Esterine Angusi gahc "milliaihexe, w~

icheckeid periodically and determinied-'anew af'tep eadh, e4ulpment ' -

ch~ange_ or tube rep~lacement. Fach- day thdt thr s,,w-ere.-

us~ed, a, 0&Libration vra S made -of over'all gan hsws-acm"sh~d.

by supplyig, a test -signal, at the mixerlThPut)- kiak A.,r~firi

ceouple± , And detei'mining the intensity. required- to -6rdbc &a-.

reference outpulk indi-cation., The si gnal.,generatorsj :np1ioyed

for thiL purpQse (GA-421-AU on, UHF, NaVy-LAC- on -S -baftdadh

624f C on X-band) were-,semi-p',r:manently -instal.l-ed-, -qeh$ t--

the necessary cals(wavegui~des), anid-were, iod1l#-ed so ' t'o - j
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reproduce an rnoarj.y as poinible the charanterlsti, c of the

tr.-nmttcd :rignals. In thin way changes of aystom gain from

day to day, an a consequence of tube aging, voltage variations,

or other changes, were accounted for. Such daily calibrationa

were ued to correct the calibration, as a relative power

drntil-ty meter, of each overall receiving tsyritem. Once again,

nIo attempt was made to achieve absolute calibratolona.

1). The Measurements

Some preliminary data were collected in the fall of 1959

and in the spring of 1960 on X-and S-band. The principal experi-

ment, however, wan conducted from August, 1960, through July, 1961.

1. P--r,2tW cS.a oetio

Throughout this twelv.,-month periou the entire syttem

was operated continuously for two-day int;ervIln 4,ach weck, from

approximately 0830 Thursday to 1530 Friday, cuelpt during the

month of' December, and in early January, when eqtipment malfunction

necen2itated uht,-Ud wn. Unfortunately, in the winter months

(December through March) the excess propagation losri (L ) on
p

X-band was ',o great that only occasionally did the received

signal exceed the noise. Consequently, the data for thin portion

of the year are biased in favor of those (meteorulogical) nitua-

tiona conductive to somewhat enhanced (relatively) X-band propa-

gation.

Considerabl, effort was expended in t;he development of' a

p)Oll-detection correlation reception technique ;o combat this

SIgnal-to-noise limitation and preliminary tcatu in the fall of



terminated before the system could be perfected. As ' result,

no useful data were collected by this means.

As noted previously nighttime signals Waere often appreciably.

enhanced, especially during the summer. This has been attributed

(see Scientific Report No. 4) to locally peculiar anomalous,

propagation conditions.- For this reason only those portions-of

the data-deriving from z tld-day operation (lO00 to 160o-) have

- ~ -C

b96n shclwed promise of sucess xweers thte otac wabje

2. Operating Procedure

At least twice each day of operation the-generated

power levels at the transmitters were measured and recorded in

the station log. Similarly, before and after each two-day

run the gain of each receiver was checked as described in

Section n.6. These calibrations., together with periodtioome

marks and the settings of the receiver switch attenuat0s (ain

controls) were recorded irectly on the chartsof thegrephic

milliammeters. The X-and S-band receivers were also checked

periodically for tuning of their local (klystron) oscillators

and for on-scale tefection of their output re gorders.

In several specific instances, with all receivers carefully

aligned and calibrated, the short-time average power density was

observed to decrease at on e rfceireseiving antennas, on a given

frequency, at thbae the that it was increasing at the wther
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antenna. Such diverging 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 L values was the
pf receiver response characteristics, the transmitter power levels,

and the far-field calibrations of both the receivers and the

transmitters.

:3. Call biations

As mentioned in Section C.6, the receiver response

characteristics were checked regularly. Test signals, the

levels of which were varied in 2 db steps, were supplied to the

receivers and the output levels recorded. This was repeated

for various settings of the gain controls (switch attenuators).

These response curves were subsequently plotted and used in the

reduction cf rhe data.

Far-field calibrations were performed approximately every

two months, although weather conditions in winter prevented

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

~4



January, and February. In making transmitter calibrations the

field strength meter, with its antenna's of known gain mounted

atop the portable tower (see Figure 8), waE placed directly on-

path, under the main beams of the transmitting antennas, and

within clear line-of-sight thereof. .Received signals 'Were

recorded on all three bands for several adjacent locations along

the line-of-sight in order to detect ground refleccions, if any.

This appeared to be a problem at UHF only. Ultimately it was

found to be related to the tone modulation of the TJFf signal.

From the received signal l.evels and from the known distance

between the field test site and the transmitters, it was possible

to calculate correction factors to be applied to the measured

power densities at the receiver site in order to determine values

of L . 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 directional alignment. On these occasions the

transmi-ting antennas were lowered in elevation until the

signals at the field test site maximized, so that a true calibra-

tion of radiated power could be made.

E. Analysis 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, if possible, of characteristics 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 contrary, in addition to the electronic

integration included in the receiving equi.pment a further smoothing

was effe,;ted by visually averaging the signal records on the

recorder charts over five-minute periods;. Inasmuch as the

fluctuations in these records during such an interval rarely

exceeded 1 db, this operation was readily accompliohed. One

of these five-m.nute means (at the half-nour) was then taken as

representative of each hour.

By reans of' an appropriate receiver response characteristic,

together with Is calibration as a relative power density merer

(by the far-field tests) and any necessary correction thereof,

as de~ermined by the daily calibrations, these samples from the

records were converted to values of observed power density at

the receiver site, Wr . These values of Wr were then subtracted
0 0

from the calculated free-space power density at the receiver site,

Wr, ,derived from the transmitter far-field calibrations (corrected

if necessary fPor daily fluctuations in transmitter output) and

modified by the ratio of the squares of the distance between

transmitters and the transmitter field test site (2.77 km) and

the path length (108 kin). The hourly sample values of mean

excess propagation losp L thus determined were tabulated for
p

eaeh receiving system. Altogether seven entries were made for

each hour:
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a) AN/MPN-l receiver on X-band, lefthand antenna

b) AN/MPN-l receiver on X-band, righthand antenna

c) Logarithmic receiver on X-band, righthand antenna

d) AN/MPN-1 receiver on S-band, lefthand antenna

e) AN/MPN-I receiver on S-band, righthand antenna

f) Logariti~mic receiver on S-band, righthand antenna

g) UHF (logarithmic) receiver, central antenna,

All succeeding analyses have employed values of L taken from
p

this tabulation (See Appendix, Table II).

2. Median Diversity Experiment

As noted previously, if the observed differences in L
p

between different frequency bands are to be attributed to the

change in wavelength (indirectly to the refractive index spectral

structure.-N.,) and changes therein), evidence is required that

the slight differences in receiving antenna locations (space

diversity effect) is not the bas:Lc factor responsible for the

variations in the data. Since five-minute average samples only

are analysed in this report, one would anticipate that the

normal ; ;e diversity effect would be largely suppressed..

Nonetheless, there was evidence in preliminary work that some

residual (median) diversity effect persisted. It was for this

reason that dual receiving systems were installed on X-and S-band.

Although this co-frequency median diversity effect is nor

so pronounced as that evidenced between different frequency bands,

it is nonetheless a real phenomenon deserving of a satisfactory

explanation. The measurements here reported are clear evidence,
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on the one hand, of its occurrence and, at the same time, provide

adequate demonstration that this effect alone cannot be credited

with major responsibility for the day-to-day variations in the

difference of L values observed on the several bands.
p

When allowance is made for those instances that must be

laid to shifts in calibrations (from one period to another),

the distributions of hourly samples for each of several months,

as presented in Figure 9, show a standard deviation of AL

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

roughly 2 db rms random deviation in hourly five-minute samples

(for a single system) implied by tlese data is too great to be

accounted for entirely in terms of equipment performance

fluctuations. This result, together with the specific observa-

tions referred to earlier, in which one receiver output was

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

receiver on that channel increased, cannot be dismissed as rv,.e

aberations. That in a space diversity system there is soi'e

uncorrelated variation between hourly samples is now an established

fact. The cause, on the other hand, of this seemingly aLnomalous

state of affairs remains ambiguous.

3. Wavelength Dependcnce Study

In analysing the data to determine the frequency depen-

dence of the propagation mechanism and, mole specifically,

variations in this dependence with changes in meteorologftcal

conditiori, two further steps were taken to suppress any

influence cf the median diversity effect discussed above.
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First, daily average values of L were employed (averages of the
p

six midday hourly samples). Second, -the mean of the two X-band

systems was used to represent that wavelength, and a similar

mean was used for S-band. The standard deviation of the difference

between X-and S-values of L attributable to median diversity
p

and system uncertainty would thus be expected to be less than

1.8 db.

F'gure 10 shows the distribution of these differences

(ALs), as well as those between X-band and TV[ (ALx ) and

oetween S-band and M±. (ALu), for the vntire year from August
s-U

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 irreased variances

indicate that additional factors are involved. The pronounced

sedsonal differences, both in median value and in variance,

suggest that meeorological effects may well be responsible.

However, before an attempt is made to identify any such

meteorological influence, it is important to note the strcng

evidence here offered in support of the day-to-day variability

of wavelength dependence. Figure 12 is a chronological plot of

the differences in daily-average excess propagation loss between

the various pairs of frequencies. The fact that these AL values

change significantly from one day, or one week, to the next,

and that In 3ome instances they change by as much as 15 db

within a month, is clearlj indicative of var-iatio:-s in the wave-

I
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length dependence of the propagation phenomenon. Further, the

fact that AL and AL are not equal (within experimental
X-S S-U

uncertainty) at all times, and that 6L differs from twiceX-U

AL , indicates the extreme complexity of the mechanism(s)
X-S

responsible for the received signals. One can only conclude

that the processes involved in propagation over this short

transhorizon path in hilly terrain are intricate and variable.

4. ,Meteorological Factors

An attempt has been made to correlate the variations in

AL (as indicative of variations in the refractive index structure

and in tneclosely related temperature and humidity structure)

with various meteorological parameters. Surface and upper air

soundings (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 is available for the important

common volume, the region 500 to 3000 feet above the immediate

vicinity of Geneva, New York.

As a consequence It would be surprising indeed to find strong

correlation between the radio propagation measurements and the

available meteorological data. This is particularly true in the

present case in which the portion of the atmosphere principally
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involved in the propagation is close to the surface and There-

fore subject to strong surface influence, so that remotely.

eollected weather data con, at best, give a poor estimate of.

conditions in the region of prime importance.

Nonetheless, various temperature, wind, and- stability

factors have been deduced from the soundings for a, sample set. -of

days throughout the year. Approximately thirty days were

selected, in groups of two or more such that the AL value

(averaged over the 10:1 frequency range) was reasonably conistant

within each group yet covered a representative range f6r the

set as a whole. Temperature and wind speed values within the

common volume (at 2000 feet) have been taken directly from the

190C radiosonde and from the 1300 and 1,900 raob soundingsI.n

nearly every instance data from several surrounding weather-

stations have been averaged so as better to represent conditions

over Geneva. Values of the Richardson niurber*, based ,on the

1000-4000 foot interval, have been calculated from similarly

averaged data.

The results are shown in the form of scatter plots in Figure

13. There is little or no evidence of correlation between

difference in excess propagation loss and wind speed or Richardson

*Richardson number, R , is the ratio of static stability to the
square of wind shear Ind as such is indicative of the ratio of
the stabilizing influence of the density gradient as opposed
to the turbulence-producing effect of the wind field.

_ ii
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number. On the other hand there appears to be fairly strong

inverse correlation between AL and temperature. Closer inspection

of the tabulated results (Appendix, Table I) shows that this iS

more a seasonal dependence of both parameters than a direct

relation. From this there follows the suggestion thatjN(k)

tends toward one structure in the colder, less moist months and

toward a different, and more variable, structure during the

warmer, humid months.

Another 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

as well as increasing the magnitude of the wave number k at

whiChfN is sampled by a particular frequency. These shifts in

altitude and in wave number magnitudes could be responsible for

a consistent change in the form of the refractive index spectral

structure, on which the propagation depends. That, in turn,

would account for the observed change in dependence of excess

propagation loss on wavelength of the radio signal.

F. Concusions 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 all of these

results have direct or immediate implications of an engineering

nature. They are interesting, nonetheless, and may provide

valuable insight in other areas of research.



1. Summary of Results

The results of the various investigations may be summarized

as follows:

a. The primary cause of signal fading over troposcatter

circuits is horizontal drift perpendicular to the path as opposed

to turbulent motions in the atmosphere, the role of which appears

to have been overemphasized by num2rous Investigators. This
conc~usion stems from the diacovery that the fading spectrum

induced by such horizontal drift does nrt fall-off ts rapidly

as the Gaussian model assumed in previous analyse'z, (Scientific

Report No. 1, )

b. The wavelength dependence of trarishorIZon tropospheric

propagation, at uhf and microwave frequencies, varleIs from day-

to-day and from season-to-season. These variat'ions reflect

changes in the refractive index structure, and there is evidence

that these changes in structure are related to other, larger

scale meteorological factors, specifically the dynamic stability

of' the troposphere. (Scientific Report No. 2 ind S'.-ction E above.)

c. Independent variation of median propagation loss

over adjacent, co-frequency channels for periods o{ from tens

of minutes to severa. hours does: in f&Pt, occur,. This varia-

tion i,3 not so great as that between widely seperatrAd frequer-cies,

but it is real and is, as yet, not satisfa2torily e:-plained.

Su.ction E above.)



d. Greatly enhanced propagation oy. wecur Iover Irregular

terralri, expecial].y on summer nights,. This reflects locally

peculiar ineteorologicat patterns that may be attribuuled to raJia-

tion cooling and highly moist valley bottmeo (lakes), (Scientific

Report No. )

e. Infox'-a;ion theoretic analysis of a tropoacatter

cir ,uit: is presently lImited by the mathematical dil'Viculty

of expressing, in ,ractjble form, the necessar-Y jolr; probability

distribution function for the time-variable transfer t'unct.orn

of the channel. On the other hand, with knowledge cf the time

and spe,'tral e'ructure of the refractive index variutiona it l a

possible to calculate t;he coherence time and coherence band-

width of a given circui. (Scientific Report No. ',.)

f. Standard Weather 13ureau upper-air data, as gathered

by radiosonde techniques, are helpful in arnalysing radlo prop-

agation results when the path geometry places the common volume

a kilometer or more albove level terrain. However, the geographical,

altitudu, and time reuolution of these data is too coarse to be

able to gain from them much insight into the influenrce of meteoro-

logical eff'ects when the common volume in below one-half kiLometer,

especially if the terrain in highly irregular. (Sc'.entific

Peport No. 2 and Sectlon E above.)

2. Implaitrhn3 and Recommendationg

There are corisequence* implied by Lhc-2e rof.1tat that

may be of considerable significance, Ore of these isf Uhe fact

treat, part;icularly on shorter paths, higher frequency circuitu
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can exhibit markedly superior performance under temperate-zone

zjummcr conditlona. It has customa.'ilj been assume.d that the

propagati.on loss would be less at lower frequencies. Another

Iii the pors3ible degradation of perfor'mance in diversity systems

d(u(. to the independent variation of mediat levels. Usual analysis

au.urne equal mcdian levels, and a difference of ,A-6 db will

inbroduce appreciable :error in the reliability calculations. A

third important implication regard' the use of radio propagation

experiments tor geophysical exploration. The posribilities for
,itud.yirng refractive Inlex and related meteorological structures

by radio "sounding" techniques, both munostatic and bistatic,

arc demonstrated in the investigations that have been carried

out. The oppurt'ritieu in this vein have barely been tapped.

On the banlis of the studies here reported two specific

recommendations are made,

Recommendation 1. Detailed analyses should be made of wide-band

jiignals recelved over transhorizon tropospneric clrcuits. Such

studies will lead to a fuller understanding of the nature and

stochastic character of the time-variable transfer function by

which this propagation mechanism may be described and will,

therefore, make po, sible more effective utilization of the

vLtdio p;ctrum. The transmlossions analysed i.ihould be of 200 mc/s

bancdwidth, at a minimum, and preferably ot 1000 m.ne/o bandwidth.

I At; a byprodnt this type investigation may also yield valuable
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information as to the nature of the propagation mechanism

itself, whether it is at an.^ given time primarily volume or

layer scattering.

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

multiple frequency experiment described in the earlier 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 as to insure that the cr1tical

portion of the troposphere is sufficiently above the surface to

be free of immediate terrain influence. More local (both geo-

graphically and in time) meteorological data should be collected

as part of the experiment so that the relation of propagation

results to weathe2 structure can be clearly established. Finally,

the experinental system should permit 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 anisotropy in the refractive index

structure. Recent preliminary measurements have indicated uch

non-uniform structure occurs, and an experimental technique by

which it may be studied in remote parts of the atmosphere will

be of considerable value to the dynamical meteorologists.
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APPENDIX

Tabulated Data
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Table II

Hourly Sample Values of Mean Excess Propagation Loss, Lp

ANiMPN-l X-band Lefthand Antenna (X-L)

Date/Hour 1030 1130 1230 1330 1430 1530
1960

8/4 56.5 54.5 53.5 56.5 60.5 6&,5
8/5 52.0 49.5 51.0 53.5 54.5 --
8/11 51. 0 51.0 52.5 61,5 6r.0 62.0
8/12 57.0 59.0 61.5 62.5 63.0 --
8/18 -- 51.5 51,5 53.5 54.o 56.5
8/19 53,0 52.5 50.5 47.5 45.5. --
8/25 54,0 55.5 53.5 54,o 54.0 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 53.5 50.5 53,5 56.0
9/9 56,5 53.5 57.5 57.5 55.5 --
9/15 64,5 6o.5 5 .0 59.5 59.5 61.0
9/16 47.0 47.0 47.5 48.0 49.5 --
9/22 56,5 59.0 61,0 63.0 61.o 62.5
9/23 68.o 67.5 66.5 66.5 67.0
9/-9 -- 59.0 59.5 63.5 6,3.0 63.0
9/30 68.5 69.0 68.o 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.O --
10 3 61.0 66,5 >67.5 :;>67.5 >67.5 70.5
10/14 60.5 61.5 62.5 63.0 67.0 --

1/20 65.0 64.0 65.5 67.0 67.,5 67.5
10/21 64.5 68.0 661%0 61.5 65.,0 --
10/27 59.0 56,o 58.0 60.0 58.5 . 62.0
10/28 65.5 64.0 60.5 62.5 65.5 ---
11/3 SIGNAL MASKED BY NOISE

66.5 70.0 69.5 69.5 69.5 70.0
11/10 -- -- 67,0 68.5 6.0 70.0
1/i1 73,!5 74.0 73.5 73.5 '7-0 73.5
11/17 67.0 68.0 69.0 71e0 71.5 71.5
11/18 68.o 68.5 69.5 73.0 73.5 73.0
1961

1/12
1/13
1/19
1/20
1/26
1/27
2/2
2/3
2/9
2/10
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AN/MPIP-1 X-band Lefthand Antenna (x-L)
FDate/Hour 1030 1130 1230 1330 1430 1530

2/16 -- 6 71.5 73.5 75.5

2/17 62.5 66.5 69.5 65.5 73,5 65.52/2-)
2/24
3/2
3/. 65.5 66.5 68.5 71.5 71.0 71.5

3/10
3/16
3/17
3/23
3/24
3/3

4 /7 System Inoperative4/13f
4/14
4/20
4/21
4/2 74/28
5/4 70.7 67.7 69.7 68.7 69.2 70.75/5 .... 66.2 67.2 ....
5/11 53.2 52.7 55.2 54.2 -- --
5/12
5/18 64.2 65.7 66.7 65.2 67.2 64.75/19 67.2 66.7 66.7 69.2 70.2 --5/25 61.3 Tx off 62.8 63.8 64.3 63.35/26 70.8 70.3 70.3 69.) 68.8 --
6/1 [System Inoperative
6/8
6/9 6/ 56 . 3 165.1 7.6 66 1 66.1
6/16 60.! 63.6 65.6 60.6 62.6 --6/22 59.5 57.5 56.5 5 .0 58.0 58.06/23 61.5 61.5 60.5 58.5 60.5 --6/29 61.5 61.5 60.5 61.0 61.0 61.5
6/30 635.5 63.0 58.5 65.5 59.5 59.51 6o.o 59.0 57.5 62.0 66.5 --
7/6
7/7 63.5 65.5 59.5 64.5 71.0 --
7/13 50.8 53.8 56.8 59,3 58.3 60.3
7/14 58.8 60.8 60.3 60.3 59.8 --
7/20
7/21
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ANAIPN-1 X-band Lefthand Antenna (Y-L)

Date/Hour 1030 1130 1230 1330 1430 1530
1961

7/27 48.0 52.0 51.5 52.0 r-8.0 60.0

4/2d 52.0 57'.Q 57.5 61.0 20-
55.9 55.9 57. 57.9 59.9 63.9

8/4 54.9 59.9 60.4 64.4 67.9 --
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ANAVIPN-1 X-band Righthand Antenna (X-R)

DateAlour 1C30 1130 1230 1330 1430 1530
1960

8/4 61.5 59.5 57.5 6o.5 61.o 62.0
8/5 51.5 49.5 5?.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 64.o --
8/18 63..o 54.0 53.5 55.5 55.5 58.0
8/i9 55,0 54.5 53.5 51.0 48.o --
8/25 -- - -- 52.5 54.5 57.0
8/26 54.5 53.5 59.5 60.0 61.o --
9/1 -- -.-- 53.5 54.5 50.5
9/2 52.0 52.5 52.5 52.5 53.5 --
9/8 57.0 54.5 54.0 48.0 50.5 54.0
9/9 57,,0 54.0 57.0 57.5 55.0 --
9/15
9/16
9/22
9/23
9/29 -- -- -- -- 65.C 62.0
9/30 69.5 72.0 69.0 70.0 68.5 --

lo/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.o 74.0
10/14 67.0 68.0 69.5 70.0 73.5 --
10/20 6.0 66.0 66.5 67.0 68.5 68.5
10/21 66.0 69.0 66.5 64.0 66.0 --
10/27 6.o 61.0 61.5 64.0 64.5 69.5
10/28 70,5 69.5 68.0 70.5 73.5 --
11/3 SIGNAL MASKED BY NOISE
u/4 77.0 77.5 77.5 77.0 77.5 77.5
11/10 -- -- 63.5 70.5 71.5 72.0
il/l 75.5 75.0 75.5 75.5 75.5 75.5
l/l7 65.0 66.5 68-5 70.0 72.5 73.0
11/i6 66.0 66.0 67.5 73,0 74.0 74,0

1961

1/12
1/19
1/20

1/26
1/27
2/2

2/10
2/16 81.0 82.0 NOISE -o
2/17 77.5 78.0 79.5 80.0 82.0 80.0
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ANAi4PN-1 X-band Righthand Antenna (X-R)

Date/Hour 1030 1130 1230 1330 1430 1530
1961

2/23
2/2k
3/2
3/3
3/9
3/10
3/16
3/17
3/233, 24

4/7
4/13
4/14
4/20
4/21
4/24/2z

5/k 72.0 71.0 70.5 72.0 72.0 72.5
5/5 -- -- -- 69.0 71.5 --
5/11 57.9 58.4 6o.4 59.4 62.9 62.4
5/12
5/a.8 68.6 69.1 71 1 71.1 73.1 72.1
5/19 72.1 71.6 71.6 73.1 5.6 --
5/25 6o.5 -- 63.5 65.5 6,0 64.o
5/26
6/i
6/2
6/8
6/9
6/15 62.4 64.4 64.,9 68.4, 66.4 67.9
6/16 59.9 62.9 65.4 61.9 62,9 --
6/22 62.6 6o,6 59.1 59.6 61.1 62.6
6/23 64.6 65.1 66.1 63.6 65.6 --
6/29 65.2 62.7 62.2 60.7 61.2 58.7
6/3(a 65,7 65.7 58.2 62.2 59.2 58.7
7/6 58.2 56.2 56.2 58.7 62.2 --7 /6
7/7 55.4 57.4 51.4 54.9 55.4
7/13 54.o 56.0 59.0 59.5 57.0 60.0
7/14 60.5 60.5 6o.o 61.0 5915 --

7/21



39.

AN/MPN-1 X-band Righthand Antenna (X-R)
Date/Hour 1030 1130 1230 1330 2.430 15301961

-f/2 48.6 53.1 541 56.6 6o.6 71.652.6 58.6 62 6.6 60.6 --
/3 7. 578 62662.6 6.57.3 57.8 58.; 59.8 62.8 65.88/4 53.3 58.8 61.3 62.3 64.8 --

A



4o,

Logarithmic X-band Righthand Antenna

Date/Hour 1030 1130 1230 1330 1430 15301960

8/4 6o.o 58.0 57.0 59.0 60.0 6o.o
8/5 53.0 50.0 53.0 56.o 55,.) --
8/11 55.5 58.0 62.0 62.0 63.0 62.0
8/12 In excess of 63 di (signal in noise)
8/18 -- 54.0 53.0 56.0 56.,0 58.0
8/19 56.o 56.o 54.o 50.0 50,0 --
8/25 .-- -- 54.o 55.5 55.5
8/26 56.0 54.5 60.5 60.5 63*5 --
9/1 .. 56.0 54.5 '52.5
9/2 52.5 54.0 5. 54.0 5.5 --
9/8 56.5 55,5 54.5 50.0 52.0 54.o
9/9 56.o 53.5 56.5 59.5 55.5 --
9/15
9/16
9/22
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 ;,70.5 770.5
10/14 63.5 63.5 66.5 65.5 69.5 --
10/20 SIGNAL MASKED BY NOISE
10/21 SIGNAL MASKED BY NOISE
10/2 65,5 61.5 63.0 65.5 65.5 70.5
10/2; 70.0 70.0 68.5 -71 0 ;-710 -
11/3 SIGNAL MASKED BY NOISE
11/I- SIGNAL MASKED BY NOISE i
11/10 SIGNAL MASKED BY NOISE
114ii SIGNAL MASKED BY NOISE
11/7 66.o 66.0 69.0 -- ....
11/18 66.0 65.5 66,5 65.0 -- --

1961

i/12
1/13i/i9
1 /2 0
1/26
1/27
2/2

2/17



41.

Logarithmic X-band Righthand Antenna

Date/Hour 1030 1130 1230 1330 1430 1.530
1961

2/23
2/211
3,/23/

3/10
3/16
3/17
3/23
3/24
3/30

11/7

4/13
4/14
4/2o
4/21
4/27
4/28
5/4
5/5
5/11
5/12

5/19
5/25
5/26
6/16 /2

6/8
6/9
6/15 65.o 67.0 68.o 72.0 69.0 70.0
6/16 61.o 66.b 66.o 68.0 70.0 --
6/22 60.5 58.5 58.5 58.5 60.5 63.5
6/23 63.5 63. 64.5 61.5 63.5 --
6/29 63.4 6o.f 59.4 6o.4 60.4 57.9
6/3o 65.4 65. 57.9 62.4 59.4 58.4
7/1 59.4 56.9 54.9 58.4 60.4 --
7/6 1,
7/7 63.6 67.6, 61.6 64.6 65.6 --
7/13 56.0 58.0 61.o 61.0 59.0 62.0
7/14 61.0 61.a 61.o 62.0 6o.o --
7/18 -- -- .... 62.3 61.3
7/19 56.3 59.31 -- 60.3 63.3 62.3
7/20 58.3 6o.3' 61.3 61.3 63.3 61.3
7/21 57.3 58.31 57.3 58.3 60.3 61.3



42.

Logarithmic X-band Righthand Antenna

Date/Hour 1030 1130 1230 1330 1430 1530
1961

7/23 - -- -- -- 62.3 68.3
7/24 -- 58.3 56.3 54.3 583 55.3
7/25 58.3 -- 59.3 -- -- --
7/2 49.3 54.3 55.3 58.3 61.3 63.37
7/d 5.3 60.3 61.3 62.3 62.3 --
8/3 56.5 56.5 58.5 59.5 65.-5 66.5
8/4 52.5 57.5 60.5 65.5 66.5 --
8/8 -- -- -- -- -- 57.5
8/9 -- 56.5 61.5 57.5 .. 52.5
8/30 58.5 56.5 52.5 53.5 53.5 54.5
8/11 58.5 59.5 57.5 56.5 56.5 --
8/17 55.5 59.5 5Z.5 59.5 58,5 60.5
8/18 -- 56.5 t.5 -- -- --
8/21 -- -- -- -- 64.5
8/22 68.5 70.5 -- 69.5 67.5 64.5
8/23 -- 65.5 61.5 6o.5 60.5 57.5
8/24 62.5 59.5 6o.5 59.5 59.5 59.5
8/25 59.5 54.5 53.5 56.5 55.5 --
8/28 -- -- -- -- 56.0 6o.5
8/29 60.5 58.5 58.0 58.0 53.5 58.0
8/30 6o.o 58.0 55.0 55.5 58.5 57.0
8/31 65.5 63.5 58.5 60.5 60.5 61.5
9/1 57.5 57.5 58.5 62.5 62,. 5 --
9/7 -5.5 56.0 59.5 60.5 61-5 61.5
9/8 50.0 51.0 54.5 58.0 61 0 61.5
9/9 54.5 53.5 59.5 60.5 60.5 61.0
9/10 52.5 56.5 59.5 59-.5 59.0 59.5
9/11 62.5 6o.5 61.5 61.5 61.0 61.0
9/12 67.5 66.5 64.5 66.o 66 65.5
9/1" 5.5 56.5 58.0 58.0 59.5 60.0
9/14 5 5 59.5 6o.o 58.0 60. 0 60.5
9/15 62.0 63.0 63.5 63.0 6.5 63.5



43.

AN/MPN-! S-band Lefthand Ant enna (S-R

Date/Hour 1030 1150 1230 1330 1430 1530 Da
196 o ---_----

8/ 6o.o 59,5 58.0 60.5 63.5 63.5
8/5 54.5 53.5 55,,5 57.5 57.5 --8/11 57.0 61.0 62.0 64.o 64.o 63.5
8/12 61.0 62.5 65.0 64.5 67.0 --
8/18 54. 5  57.0 58.0 59.5 56.5 59.0
8/19 57.0 57.5 56.5 55.5 55.5 --
8/25 59.5 60.0 59.0 58.5 61.5 62.5
8/26 58.0 58.o 63.0 63.5 63.5 --
9/1 60.0 62.5 65.5 64.5 63.0 58.59/2 - 60.0 60.5 60.o 61.0 62.0 --
9/8 62.5 6o.o 59.0 57.0 59.0 59.5
9/9 62.0 60.0 62.5 62.5 59.0 -
9/15 60.5 58.0 59.5 61.5 62.5 61.0
9/16 49.5 49.0 49.0 51.0 54.0 --
9/22 57.0 59.0 60.0 61.o 6o.o 61.o
9/23 63.5 63,0 64.5 62.5 66.0 --
9/29 54.5 55.0 56.5 56.5 55.59/ 0 61.5 62°5 62.5 6r._ 61.5 --10/b 51.0 55.0 56.0 55.5 55.5 56.0

10/7 60.0 59.5 58.- 58.5 58.5 --
10/13 38.5 48.0 45.5 >48.0 >48.o 46.5
10/14 42,5 43.5 43.5 45.0 47.0 --
10/20 57.0 57.0 58.0 57.0 58.5 58.0
10/21 - 59.0 60.0 -- -- 59.5 --
10/27 50.0 50.0 52.0 53.0 53.0 54.0
10/28 55.5 57.5 55.5 57.5 59.5 --
11/3 60.5 60.5 57.0 59.0 56.o 58.0
11/4 59.0 61.0 61.o 61.5 60.5 60.5
i/1O -- -- 60.0 61.5 61.o 61.5
11/1 65.0 65.5 66.0 67.0 67.0 67.o
11/17 61.5 62.0 62.5 62.5 64.o 63.0
1]./18 57.5 -8.o 59.0 61.5 61.5 59.5

1961

1/12 62.9 61.4 61.9 61.9 61.9 62.4
1/13 56.4 57.4 57.9 57.9 57.4 56,9
1/19 63.2 63.2 62.2 60.2 63.2 63.2
1/20 66.2 66.2 66,2 66.2 65,2 65.2
1/26 -- 61.3 61.8 61.8 61.8 61.8
1/27 62.8 65.8 63.8 63.3 62.8 62.8
2/2 58.7 60.7 -- -- - 63,2
2 60.7 60o7 6i.7 61.2 61.7 61.729 66,7 68.2 69.7 70.2 69.7 67.7
2/10 67.2 66.2 67.2 67.2 69.2 69.2
2/16 5 .2 59.7 61.2 61.7 64.2 64.7



44.

All/'4PN-l S-band Lefthaad Antenna (S-R)

]Date/Hour 1030 1130 1230, 1330 1430 15301L96 1 ... .... . ... ...

2/iT 58.7 60.2 61.2 62.2 61., 60.7
2/23 62.7 65.7 65.2 65.7 3, 63.2
2/2 4 61.2 62.7 64.7 63.7 '63.o 62.2
3/2 --....... --- 62.7
3/3 60.7 60.7 61.7 62.2 61,7 61.7
3/9 62.7 63.7 64.7 64.7 63, i:.tW -  63.2
3/10 61.7 62.2 62.2 61.7 60i7 60.2
3/16 61.2 61.2 61.2 62.2 62,7 62.2
3117 61.2 61.2 60.7 61.2 61,2 6a.2
3/23 -- -- - 62.2 62.2
3/24 61.7 62.2 62i 2 61.2 611. 62.2
3/,30
3131 58.7 59.7 60.7 62.7 '6.7 63.7
4/7

4/1:5
4/14
4/20 60.5 62.0 62.5 62.5 62-.01 62.5
4/21 63.5 63.5 63.5 62.5 6:1.5 62.0
4/27 62.0 62.5 6-,.5 63.0 6,.o 62.04/28 -
5/4 63.5 63.5 63.5 .5 5 ,Ei40O 60.0
5/5 -- 63.5 63.5 ;3.-5 - ....
5/11 52,2 52.2 53.7 53-2 * 54.7
5/12 63.2 62.2 62.2 61'7 6.7
5/18 62.3 64,3 64'8 63.8 59.8
5/19 63.3 64.3 64.8 64.8 1.558 --
5/25 64.4 -- 66.4 66.9 #S7..- 66.4
5/26 69.9 68,9 68.9 671 9, J7- --

6/1.6/2 " .

6/8 67.1 66.6 67.1 65,6 i 64.6
6/9
6/15 68.2 69.2 I10.2 . . ' <.760.2 70.2
6/.lo 59.7 62.2 63.7 66.2 6 --

f'/259.7 582 57.2 57.7 58:7 59.2
6/23 63.7 63.7 64.2 64.7 '64.2 --
6,129 67.6 67.1 65.6 65.6 67.1 66.6
6/30 70.6 70.1 62.6 55-.1 64..1!-- 63.1
7/1 59.6 59 - 58.6 60.1 62.1 --

7/7 62.2 65.7 60.2 61.2 64.2 ..

713 55.5 56.5 56.5 59.qY 586 58.5
7/14 61.0 60.5 59.5 61:0 -- --
7/18 68.3 66.8 66.3 66.8 64.8 65.8
7/19 58.3 59.8 62.8 62.8 63.8 62.8

I



45.

ANA PN-1 S-band Lefthand Antenna (S-R)

Date/Hour 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
7/27 47.3 51.3 62.3 63.8 65.8 64.3
7/2b 59.3 b2.3 63.3 64.8 65.3 --
8/3 64.6 64.6 65.1 66.1 67,1 08,1
8/4 59.6 61.6 62.6 63.6 64.6



46.

AN/MPN-1 S-band Righthaiand Antenna (S-L)

Date/Hour 1030 1130 1230 1330 14i30 1530
1960

8/4 57.5 57.0 56.5 59.5 62-.0 63.5
8/5 55.5 54.5 56.0 58.5 59.40 --
8/11 57.0 61.0 63.0 66.0 66,.0 6.5
8/12 62,0 64.5 67.0 66.5 68.'5 --
8/;8 54.0 57.0 57.0 59.0 60.5 62.0
8/19 5245 53.5 53.5 51.0 47.o --
8/25 61.o 62.0 60.5 58.0 60.0 60.0
8/26 58.o 57.0 63.0 63.0 63 ,0, --
9/1 56.5 60.0 65.0 64.5 63.0 55.5
9/2 57.5 58.0 57.5 58.5 59.0 --
9/8 64.o 61.0 60.o 57.5 6015 61.5
9/9 63.o 60.5 64.0 64.0 '58.5 --
9/15 64.5 60.5 58.0 59.5 59.5 61.0
9/16 47.0 47.0 47.5 48,o 49.5 --
9/22 56.5 59.0 61.0 63.0 6ip " 62.5
9/23 68.0 67.5 66.5 66.5 67'. --
9/29 -- 55.5 56.5 59.0 60.5 58.5
9/30- 60.0 61,5 68.5 68.0 -¢7:5 --

106
10/7 49.0 47.5 45.5 47.0 1470 --
10/3 37.0 43.0 ;45.5 -5.5 >" 5- , ,, 50.0
10/i4 15.0 46,0 46.0 50.0
10/20 o0,5 59.0 59.0 60.5 62.5 61.0
10/ 21610o/27 59.5 61.5 59.5 57.5 60"-

55.5 54.5 57.0 5757 5 59.0
10/28 6o.o 6o.0 60.5 61.0 6-
11/3 60.0 61.0 58.5 61ib )57# O 59.011/4 57.5 60.5 6o.5 60.5 59.,.,. . 60.0
1/i0 -- -- 60.5 61.0 6b0 '61.5
11/11 63.5 63.5 63.5 64.0 6-4, * 63.5
11/17 60.5 60.5 61.0 61.5 62.5 62.5
11/18 57.0 57.5 58.5 6i.0 610 60.5

1961

1/12 59.8 57.3 58.3 57.8 5 56.8
1113 56.8 59.8 59.3 59.3 5k,' 57,3
1/19
1/20 57.8 58.3 58.3 58.3 58.3 57.8
1/26
1/27
2/2 58.3 59.3 -- -- - 53.8

52.3 52.3 53.8 55.3 55.3 54.8
23 59.3 59.8 6o.3 60.3 6o 59.8
2/10 59.3 59.3 59.3 58.8 60.8 6o.8
2/16 54.5 57.0 58.0 59.0 60.0 60.0
2/17 56.5 59.5 61.o 62.0 62.0 60.5



47.

AN/MPN-1 S-band Righth nd Antenna (S-L)

Date/Hour 1030 1130 1230 1330 1430 1530
19,61

2/23 60.8 62.8 61.8 60.8 60.3 6o.8
2/24 60.3 62.3 62.3 62.3 69.3 68.3
3/2 -- -- -- -- -- 61.3
3/3 56.3 57.3 58.3 5i9.8 59.3 59.3
3/9 65.3 65.8 65.8 65,3 63.8 63.8
310 61.3 61.8 61.8 61.3 6o.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 -- -- -- -- 66.5 66.3
3/24 65.8 67.3 66.3 65.3 65.8 67.3

4/6
4/7
4/13

4 20 61.o 63.0 62.5 62.5 63.o 62.5
4/21 65,0 65.5 64.5 63.0 59.0 57.0
4/27 62.8 62.3 62.8 61.3 60.8 60.8
4 '/28
5/4 62.7 63.2 64.2 64.2 65.'2 61.7
5/5 -- 62.7 62.7 62.7 63.7 --5/11 51.2 51,2 54,2 5357 5.2 56.7
5/12 65.Y 70.2 69.2 67.7 6.2; --
5/18 54.7 55.7 55.7 52.7 ",53.!2 51,7
5/19 55.2 56.2 56.7 57.7 58.2 -- .
5/25 53.2 -- 55.7 5.2 -562 53.2
5/26 62.7 61.2 61.7 61.7 61.7 --

6/1
6/2
6/8 64.2 63.7 66.7 60.2 6b2! 60.7
6/9-
6/15 6o.o 60.5 62.5 64.0 62.5 63.5
6/16 53.5 57.0 58.0 60.5 62.5 --
6/22 56.5 55.0 54.0 54.5 56.0  '56.5
6/23 58.5 58.5 58.5 57.0 57.5 --
6/29 57.0 56.5 54.5 55.0 .0 40
6/30 63.0 62.0 57.0 61.o 50 ( 56.0
7/1 57o5 56.5 57.0 58,.,5- 590-
7/6
7/7 68.4 69.4 63.4 65.4 65.9 --
7/13 54.6 54.1 54. 1 59.6 56- 61.1
7/14 48.1 .48.1 47.6 48.1 -. -.
7/18 63.6 62.6 59.1 58.1 5R.1 60.1
7/19 56.1 56.1 60.6 59.6 60.6 58.1



48.

AN/;4PN-I S-band Righthand Antenna (S-L)

Dato/Hour 1030 1130 1230 1330 1430 15301961

7/20 59.1 61.1 61.1 6o.1 63.1 62.6
7/21 l31 57.1 59,. 60.6 63.1 61.6
V 1.0 .io .o 61.5 63.0 71.0
/2 5.o 4.5 66.0 67.5 68.o

60.2 61,2 62.2 63.2 64.2 66.78/4 54.2 57.2 58.7 61.7 62.2 --



49.

Loarithmic S-band Righthand Antenna

Date/Hour 1030 1130 1230 1330 1430 1530

8/4 56,0 56.0 55,o 58.0 60,o 62.0
8/5 55.0 52.0 54.0 56.0 57.0 --
8/11 58.0 63,0 65.0 65.0 65.0 66.0
8/12 63.0 05.0 68.0 68,0 67.0 --
8/18 53.0 56.0 56.0 58.0 58.0 60.0
8/19 50.0 53.0 51.0 49.0 48.0 --
8/25 59.5 60.0 57.0 56.5 59.5 60.58/26 57.5 55,5 02.5 63.5 63.0 --

9/2 54.5 58.5 63.0 59.0 56.5 57.5
9/2 57.5 57.5 57.0 58.5 59.5 --
9/8 65.o 61.5 59.0 56.5 60.o 61.59/9 62.5 58.5 62.5 62.5 54.5 --
9/15 63.0 56.0 56.5 58.0 58.5 60.5
9/16 47.5 46.o 46.5 48.5 51.0 --
9/22 55.5 57. 60.5 63.5 6'.5 62.5
91R3 69.0 6.o 67.0 66.5 68.0 --
9/29 55,5 54.5 56.5 59.5 60.5 59.0
9/30 59.5 6o.5 59.0 58.5 58.0 --

10/6
10/7
10/13

10/20 60.0 58.5 59.0 60.5 62.0 60.510/21 59.5 61.5 60.0 58.5 59.0 --
10/27 57.5 56.5 57.0 57.5 57.0 58.5
10/28 ---- 61.5 62.5 65.0 --

60.0 61,0 59.0 61.0 56.5 59.0
11/1. 55.5 59.0 58.5 58.0 57.5 58.0
11/10 61.5 61.o 59.5 61.o 61.5 61.511/1i 64.0 64.0 64.0 64.0 64,5 64.0
11/17 60.5 61.0 61.5 62.0 63.0 62.5
11/18 57.0 57.5 59.0 61.0 61.5 59.0

1961

1/12
1/13 56.8 60.8 60.8 61.8 60.8 58.8

-- 1/20
1/26 -- 58.6 58.6 58.6 58.6 58.6
1/27 60.6 60.6 60.6 59.6 59.6 59.6
2/2
2/3
2/9
2/10
2/16
2/17



-50.

Lqgarithmic S.baic -- Rightha~id ktenn4,,

Date,4{our 1030 -- 1130 1230 1330' 13 1530
19 61
2/23
2/24
3/237
3/16

3/17
3/;23
3/24

3/,30

4/7
4/13
4/;4
4/20.
4/21
4/27

5/4
5/5'
5/11 54.6 54.6 59.~66 59.6
5/12 - 69.&6 710. 6 6 6-
5/18 58.2 58.2 58. 5,25 25.
5/19, 56.2 57. 2 58.2 59.2 02-5/25 54.3 -- 58.3 5.363 51.3
5,/26 66.3 65.3 62.3 ~ 23-
6/1

6/ B 66.5 66.5 66.5 58.5 6o 5
6/ 15 56.0 57.0 58.5 6 0.55. 59.5
6/;6- 53.5 56.5 5,8. 0 60.0 1. -

*6/22 53.2 51.7 50.7 5 1. 7- i5Z , 2 53.7
6/23 54.7 -55.2 54.7 53.2? f*55,;-7; -

6/29 ci6.1- 56,1 55.1 '55.1 551~ 53.1
*6/ o- 62.1 61.1 57163.1 5o1z4.

7/1l 60.1 59.1 59.1 62.4-
7/7 59.5 62 5 541.5 57655~--
7/13 56.7 54.7 54.7 60-.6. 62.,7
7/14 62.7 61.7 60.7 60.7 ,59,-'-,77
7/08 63.3 63. 61.3 60'.3- 358, 58.3
V/19 56.3 57.3 61.3 61.!03 766o,3 56.3-
7/20 59.3 62.3 61.3 61.3 62.3

(2 7358.3 58.3 60.3 '62.-3- 62.3



51.

Logarithmic S-bauid Righthand Antenna

Date/Hour 1030 1130 1230 1330 1430 1530
1961

7/24 62.3 59.3 55.3 54.3 55.3 54.3
7/25 59.3 60.3 55.3 -- -- --
7/2Y 53.0 56.0 62.o 64.0 66.o 66.0
7/28 53*0 61.0 61.o 63.0 63.0 68.0

2. 55.8 56.8 59.8 6o.8 61.8 63.8
52.8 55.8 56.8 58.8 6o.8 --8/10 51.9 51.9 49.9 53.9 50.9 51..9

8/154.9 58.9 58.9 55.9 54.9 --

8/18
8/22 -
8/23
8/28 -- -- -- -- 63.5 68.5
8/29 65.5 63.5 64.5 63.5 64.5 64.5
8/30 67.5 68.5 67.5 67.5 64.5 63.5

,31 68.5 68.5 66.5 66.5 65.5 65.5
9/1 66.7 66.7 67.7 -- -- --
9/7 72.4 73.4 --... 73. 4
9/8 62.9 65.4 71.4 -- -- 73.4
9/9 68.4 68.4 71.4 73.4 72.4 72.4
9/1O 66.5 68.5 69.5 69.5 69.5 69.5



A~ , ION 7

I garithmic UH Center Antenna,

DateAlour 1030 1130 1230 1330' P01~
1960

8/4i 63.5 64.o 64i.o 65.0-'-' 68.0, 64.5
8563.0 63.0 63.5 63-- -

8/12 No Data- -Equipment Ioeaie-
8/A8 63.0 -66.0 67.0 64.o _6o .6o. o
8/;9 62.0 63.0 6)4.0 59.0550-
8/25 641.o 66.5 66.0 67,.5- OEc 6.
8/26 65.0 70.0 69.5 690 69.P-
9/1A 58.5 6o.o- 57.5 57.5 "55~ 6" C3.0
9/2 63.5 65.0 R5. 0 64.o 65..5 -9/8 64.o 65.0 66.o 6?5 61.*_5, 61.5
9/9 68.o 65.0 66.o -64. ~ 6~o-
9/15 66072.0 734,0 740 72067.5
9/16 4i8.o 51.0 58.0 6i..0 0
9/22 58.5 63.o 66.5 67.5''-~ 65.5
9/23 61.5 63567.5 6 .5 65t __
9/29 6- -- -- 6~ 60.: 65.0
9/30 71.5 71.5 71.5 -71.0 67.

10/7 59.5 61.0 6 o2563.5 33-
10/13 65.5 68.5 70.0 6.715, 73.0
10/111 69.0 70.5 71.;0 7. 00
10/20- ---

10/21 53.5 52.5 5-3.5 53.0- 5. - -

10/27 47.0 418.0 50.5 50Q 495. 49.0
10/28 50.0 52. 51.55355.5-
2-1/3-- -----

61A066-.0 60.5 6o.' 56o 3 9-.5
11O6o:5 61.5 63.0 64.5" 62-- 5, 63.0

11/1 64J. 5  64.,5 65. 65,.0 po 0 64.o
11A1Y 52.0 52.5 52.5- _53. 5051i.5
11/1 - -- - --

1961

.L/;2 - -

1/13---
1/19 59.5 58.5 58.5 58559559.5
1/20 58.5 59.5 57.5 57.5 56.5 57. 51/26 56.5 356.5 55.5- :55 '54vw5, 53.5
1/27 53.5 55 .5 56.5, 55.5" 56.5- 5
2/2 57.5 5S4.-5 61.5' 59'.5 595

2, 52.5 54.5 54.5 5.5.555.5
2g/ 59.5 6o.5 61.5 6-56195

2/1 63.5 66.5 67.5 60.5 605 ~ 5 5
2/659.5 63.5 63.5 6 ,-1:15 62:52/17 59.5 63.5 62.5 _65.5 61.5



53.

Togarituidc UHF Center Antenna

Date/Hour 1030 1130 1230 1330 1430 1530

2/23 60.5 64.5 61.5 63.5 62.5 61.5
2/24 56.5 59.5 60.5 62.5 60.5 59.5
3/2 -.- - - - --

3-9 61.5 61.5 64.5 65.5 .5 .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
3/24 56.5 58.5 56.5 56.5 56.5 57.5

3731 59.5 59.5 59.5 61.5 60.5 6o.5
4/6 - -- - - -- --

4/13 ........4/14 -- • -.. -_ __
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
4/27 58.5 57.5 57.5 57.5 57°,5 59.54/28 ............- -
5/4 64.5 63.5 63.5 64.5 63.5 64.5
5/5 67.5 67.5 67.5 67.5 67.5 --
5/11 59.0 61.o 63.0 65.0 66.0 66.0
5/12 67 o 68.0 70.0 71.0 69.o --
5/18 56.o 56.0 55.0 52.0 54.o 52.0
5/19 54.0 55.0 55.0 55.0 55.0 --
5/25 55.0 56.o 6o.o 59.0 59.0 53.0
5/26. 55.0 55.0 56.0 56.0 57.0 --
6/1 - - -. --
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 60.5 59.5 60.5 61.5 59.5
6/16 59.5 61.5 60.5 6o.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 60.5 61.5 --
6/29 65.5 65.5 65.5 68.5 65.5 62.5
6/-,o 66.5 61.5 66.5 65.5 69.5 65.5
7,4 59.5 6o.5 60.5 60.5 61.5 --
7/6 58.5 61.5 61.5 60.5 60.5 60.5
7/7 59.5 6o.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 --
7/27 1'6.1 47.1 51.1 50.. 49.1 50.1
7/28 46.1 49.1 48.1 47.1 47.1 --



Logaz'±thmice- UH Coxner -Antenn

Date/H tw 103Q 1130 1230 1330 13 1530

8/, 4 53v4 53,4- 51.4 51.-k'I 52.4
8/ 9. 4 4 53r.4 .Z44 Z5 4

8/i~o 5065 ~ ,5 5. .5 i,55 46.5
8/l 55.5 56.5 U.5 ~-

8;754f.5 55.5 55 55.5
52.5 55537.5-

8AB 5? 5 53.5 5595 55-
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Figure 5. R3cei-ving Antenna3
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Figure 7. Receivers -- X-Band MPN-1 and Logarithmic

{A

Figure 8. Far-Field Calibration Set-up
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