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ABSTRACT

Propegation msnsurements are reported for a wavelength of 8.6 milliueters
over & line-of=-sight path 5C miles= loang, Simultaneous msasurements on a wave-
length of 3,2 centimsters are used for comparison with miliimeter data, The median
sigm.. level for 8,6 millimeter waves was 10,4 decibels below tha free zoise valva
and six decibals below the value csloulated by taking into account the oxygen and
waler vapor absorption, The 3,2-centimeter median signsel isvel was 1,5 decibels
above the free space value,

Nc short time fluctuaticne were noted in ths angle of arrival of 8,5-xdlli-
meter waves oven when rather large variaticns in signal level werz observed. Slow
fluctuations in the signal level of the two frequencies correlated fairly well for
fades with pariods longsr than )5 seconds, Rapid scintillation in the 8.6 rd1li-
meter waves sometimes greater thun 16 decibels from mexima to minima did not havre
a counaterpart in the 3.2 centimster waves,

I. INTRCOUCTION

In a previcus report ,1 redio propagaticn messurements at a wave langth of 8,6
pillimesters over path lsngths of 3.5, 7, and 12 miles ware doscribed, Thls yoaanto
r-mrt is sn extension of thase massuremsnts t3 3 14n=,cr__s__-h+ n.(vh =m¢.la.

50 miles in ilength,

Height=gain curves were taken over a rungs from 2 to 12 feet aboveé ground,
Time runs of about five minutes duration were taken at two height:z =nd angle-of-
arrival msesurements waere made with a twn sncanna interferomster. The signal level
was relative to measurements made at 2 range of four miles. The data were taksn
between August 6 and August 21, 1953,

For comparison purpones, similtanecus measurements over the 50 mile path were

made at a wvavslength of 3.2 contimeters, Helsht-gain and time rune were taken
elmituneous with thoee made at ths millimecer wavelength,

I1, DESCRIPTION OF PATH
Ths path vas that established by tha Central Radio Propagation lLiboratory of
the Naticnal Bureau of Standards fcr tests cn other freqQuencies.<

Thu trensmitter was located at the sumnit aite on Cheyenne Mountain nea =
Colorado Springs, Colorado, The receivar was on the plains wast of Colorado Springs
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at the lccation deeignated as Kendriclk Station by CRPL. The profiie as given in
the Bursau of Standards Repcrt? is reproduced as Figure 1,

A visw along the path from the transmittoer site is shewn in Figure 2 and the
general charsoter of the tervain arcund the peceiver is shown in Figures 5 and 6,

The signal level calibretion was mede at 2 site st Camp Carson, approximately
) milee 2long the path from the transmitier, A view of Cheyenne Mountain from the
salibration site ia shown dn Pigure 3.

III, TRANSMITTING EJUIPYENT

The transmdtting equipment was iocated in a small shslter house on the edge of
the 5lulf in front of the sumit house ot the Central Radio Propagation iavorstory
on cbeyumo Mountain as ahownt 4= Plzurs 4,

The signal source for the 8,6 millimeter wavelength was a klystron {Sylvania
type 5789), The power cutput was monitored by prlse comparison ca an ossilloscoye,
The artermna used at the trensmitier was 2 conical ham 1.16 inshes in Hamester w ch
& gain of 20 db, This horn is barely visable in Figzure 4 at the edge of tiis & .4l-
ter,

The trensmitter for the 3.2-centimeter wavelengih used as a sigral source,

& roflex klystron (Raytheon X 39) cpomti.ng &5 a oW generator, A bolomster in a

connnt:l.oml bridge oircuit was used for ralstive power measuremsats, The 30 inch

parebolic reflector visible in the fareground of Figure 4 wes used as the antenna

to provida a gein of 33 decibsls, Ths antenras were veinted t: provide mximn
signal #5 vhe receiver,

IV. RECETVING EQUIPMENT

Two visws of the receiving setup are shown in Figures 5 and 6, Figure 5 shows
tha 8,5 millimeter receiver at a height of six feet on the framewrrk used for taki g
hoight—gain runs, The heavisr tower in the backgreund is that of the Bureau .0
Standards, Figure 6 shows the miilimeter receiver on the pole wiith the two aateniz
system for angle-of-arrival measurements, The 3.2 centimeter receiver is sesn in
the lowest position or. the height-gain elevator,

The receiver for the 8,6 millimetor zignal was a conventional asyperheterodyno
with a reflex kiysirui {Rayiheon QR 251} 82 & lsc=l osoillsior. Tha i-f amolifier
had a band pass of 20 megzsycles, The pulua rrom the i-7 amplifisy wers inte=
grated and appliod to a vacuuwn-tube voltmetar which drove an Esterline-Angus Re-
corder, The anteanna used was vhe oconical horn showi on the receiver in Figura 35,
This horrm was 32 inchez lone with a mouth eraning of 4,75 inches. Ite giin was
decibals, A signal éunerator was used to simulate the siznz2)l Trum ine transmitiey
for receiver calibration,

-.l m

The receiver ior the 3.2 centimster warelength was a superheterodyne whose
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local cscillator was frequancy modulsted at a rate of 120 cycles per secor d over
a frequenay range of 1§ megacyelss perr sscond. The mean fregquensy of ths lccsl
osciilator was adjusted to hetercdyne with tha nignal frem the transmdtter at the
mid-frequency of the i~f amplifier in the receiver, The resulting pulses were de-
modulsiac, integrated and applied to & vacuum tube voltmeter whica drove an Esterlins.
Angus recarder. The antenna used at the receiver was an 18 inch paradbolic re-
flector with a gain of 30 db, A =ignal generatcer was used to simvlate the trans-.
mitted signal for receiver calibration.

V. CALIBRATION TESTS

An arrangs=sant of squij ieal simiiar to that used at the receiving site we-
n&de &t & ocalibration site at Camp Carson, four miles from the transmitter aicng
the “ransmission path,

Heigitt-gain curves at the calibration site estadblished that the reflected ocom=
ponent was eliminated by the narrow beam widths of the antennas and the elevation
of the terminals above “he intermediate ground, The signal level established at
the fourwmile distance was used as reference for the 50-mile data, The time vari-

The 8,6 mx refsrence levels had shifted 2 dacibals relative te each cther
between calibrations made Just prior to an: imusiistcly after the test period and
the average of the two reference values was taken for comparison with the long path
data, The refersnces for 3,2 cm signel had not shiftsd appreciably bstween the two
salibrations,

VI. HEIGHT=GAIN CURVES AT 50 MILES

An cxample oi vie measursd height-gain curves for the 8,6 millimeter wave-
length ani & sxampie for the 3,2 centimeter wavelength are shown in Figurs 7.
Since time variaticns tended to obscurs space variations, the sample was selected
for & time when the fluctuationz =t & :xad height were smll,

The ealeoulated interference patterns for spsoular reflection with a coeffi-
cient of reflection of 0,2 and O.4 for the 8,6 mm und 3,2 om respsctively are shown
by the dashed lines in Pigurs 7.

The time variations of the 8,6 miilimetsr sigml were much larger than the
space variations; therefore, space varistions were generally obscured on tha height
gain runs, The median value cf 132 runs showed a signal level almest indepsndent

of heignt with the variations primsriiy due to space veriations,

Since the tims variations of the 3.2 centimeter signal were amall relative to
the space variations, the genersl character of tha height-gain curves were repsated
from run to rmn, and 2 madian vailue of 84 height~gain runs showed ithe iobe siruc—
ture due to space variations, These avsrags helgit-gain ocurves ars showi in Figure
£, Thus it is seen that no long time signsl advantage is gained at 8,6 millimaters
by a perticular height choice,
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The interferuncs psttern for the upper part of the 5,6 millimeter height-gain

curve was vsery smll, Hence, ths direct wave signal level was established as the

avorags of the upper 6 feei of the height-gsin curve, The mean signal level for

the tima runs with the receiver al fixed heignts were corrected by za amount the

helghtapain surva indicated the sigral level at thoss heights to differ from the
direct wave signel level,

The interference pattern of the 3,2 centineter ha curve was of appre=-
clable magnitude, The direct wave signal level was ceterminsd LY assuming the
S% mexioum and minimum wers produced by two wave componente, a direct and a
reviccted wavy, The sigsl levels of the time runs wers corrected by an amount
the height-gain curve indicated the signal at tho measuriig haight diffared from
Yhe &GTsGh wave nignal level, The lower ococefficient of reflection that might be
OXpetaC from an average of many helghiegein runs might he in some dagres respen-
sitie ror the median valie of the 2.2 centimeter signal luvel being as hizh as it
is above thes free space velue,

VI, MEDIAN SIGNAL LEVELS

Tie madian signsl levals were delsrmined for ziil of the five-mimite-time runs
and are siwn in Figure 9 Ior Uwo receiver heig.ts, The madian direct «ignal levsl
Zor 3.2=centimeter wavelengtha and for O,86=centimeter waveienzibs are shown with
opan and molid =ircles, respectively, The ical lines thrcugh the pointe indi-
cate the range of fluctuations,.

Por each measurement period, wet and dry bulb temperaturs readings ware talten
al the two terminils of tioe path. The moisture content of the eir was determined
for each 2t of readings and the valuss thus determined are showm in Figure 10,

In crdsr to oaloulate the Joid duo to water vapor, the moisture contents at
ths two ends of the path were aversged, 1t is realised that this avarage may not
be trmuly represeuvative of the coixditions ilong the path, but no better approxe
matica wae nown, The losses duz to water vapor erd gen absorpticn were calowe
lated by the formuias given by Van Vleck in rsference’ and are shown aa the dashes
in Figure 9,

Ths madian of sll of the runs for the 8,6-millimeter wavelcngih was msagured
o0 be 10,4 decibele below ths fres space value while the median lose due to water
vapor and oxygen abtsorption was calculatsd to be 4,4 decibsls, An unaccounted
lons of 6 decibel 13 tharefore present,

The medisn of the 3.,2-cm wavelength signel levels was 1,5 decibels abcve the
free space value and the water vapor ard oxygen should have negiigible loss at this

Ifrequensy,

The two wavelengths followsd the =ams general trsnd over ths msasuremsnt perdsd
and this pame treand slthansn smaller in amplitude was followed by the eignal leval
calculated from ths mcisture content of the air, Ths changes in the 3.2-centimeier
wavelength are obviousiy not due io changss in water vapor absorption, Some scrt
of focusing and defocusing of Ll® energy may “2 involved in the signal lsval chiangiee.
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VIXI, SIGNAL FLUCTUATIONS

The renge of fiu-tuatione for cach measursment period have been shown in
Figure ¢, Samples of tho original data sre shown iz Figure 11 which contein ex~
srpled ranging from very little scintiliations in the upper lefi Uagrem to large
scintillatiors in the lower right diagranm,

Correlation of the fiuctuations at 0,55-centimet.er wavelengths and 3,2-centi-
meter wmavelangiies were good for periods greater than epproximately 12 secondis,
The 0,86-centimetsr wavalengths had signal strength fluctuations of the order of
16 db whose pericdz are less than 5 seconas. signal streagia flustuations ab
these higher requencies were absent from the 3.2~centimmter wavelength,

The frequency distribuvion of the fluctuations is shown in Figure 12 for a

five minute sample taken at 1000 on August 18, 1955 (Ses Figure 11), Thic sample
Was seiecied a8 ons which had iarge ampiitude scimtiilsticns of ths 8.6 =illimster
wevelength, This figure shows the gsheral agreement between the pcwer =pecirum
graphs for the longer—period fluctuations and the sharp discrepancy between the
two ourves for shorter-period fadea. As previcusly noted, the 3.2-centimetsr re-
rording: contained little indication of fiuctuations with pariods less then 12
yeconds, but the 8.6 millimeter component had a considerable amount of the short

period rading,

A second sampls taken at 1545 on August 19th (See Figure 1l) was chosen as
& case when the short period fluctuations were considerably reduced, Tbhe powar
epectum of the fluctuations for this sample shown in Figure 13 confira ihis re=
duction at the high-frequency end of the graph, with Lhe genaral agreement zt ths
low=frequency end still apoarent.

The cross-~corrslation coefficient betwss: the Lluctustions of ths two frequen-
ciez was found to be 0,77 for the sample for which thsre waz little high-frequency
fading of the 8,6 millimeter wavss, but was found to be only 0,33 for the sample
for which the high=-frequency fading was present to obsoure the correlation of the

low=-frequency fading.

In order to compare the magnitudes of the aignal fluctuations on the 50 mile
path with these found on the shorter paths desoribed in Repoit = . 69, the shortss

path data ere included with the 50-mils one in Tadble I which gives “he mardimiz,
minimiz and median fluctuation ranges,

Table I

— g

Fluctuaticn Ranges

Wavs Length Path Lenath Fluctuation Range db
cm Miles Maximm Hinimum Median
0,86 3.5 1.8 0.4 0.8
0.86 7.2 l}.é OQZ(FOS) 1.0
0,80 12,1 5.0 0.8 2.4
0.86 19,3 164 2,0 6.8
3.2 L9.3 8.0 1.0 3.1

from this table, it is evident that the miiiiastsr fluctuation range increass
is srmrowimataly proportional to distance,
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On the 50-mile path, & surp:.a interferometer at 0,86-mililimstsr wavelength
was sat up as shown im Figure 6, It was posaible to turn this system either hori-
gontally or wertically and in eit.hor msit-ion, the signal could be cancellsd out.
Turning the irnterfsrometer through an angle of one mil from the null caused a
fairly strong signral to appear, The simalv received with the interferomster on
s mail and with it shifisd o1f the null by onc mil are shown in Figure 14 for both
horisontal and vertical oriemtation.

No msasurable shift in the position of ths nulls occurred during the five
minuts saopling peilods Sven ou saye wisn lerge iiuctuations in signei lavel were
observaole,

A change in vartical angle of arrival of about one mil was noted betwesn day
and night conditions, The daytime valus wus sprroximately 8.5 mils above the hori-
sontal and the nightise ocondition wes about §.5 mils, The angle—~cf-arrivai. of a
light Seam at night was approximatsiy 8,5 mils,

X. EFFECT OF SHOWERS AIONG PATH

On aeveral cocasions, zhowers appeared to be faliing botween the traansmitter
and receiver, Omn auch o¢casions, the signal levsl sulfersd severe attenuation
and wvas usually redussi to the noise levsl, Since no data were available aa the
extent or nmature of the showers, no quantitative study was made of the effect of
L% zhowsra on the signal level.

Two examples of the magnitude of the attsauation due to rain on 3 three-mile
rath oog described in Report No. 69,

XI, WEATHER SIMMARY, 10-21 AUGUST 1953

The weather conditions osourring in the asntral Colorado area just east of the
Rockina for the period under oonsidsration can be divided iato four relatively
adi.at.inct. pattorns, Prior to about 1600 local time on 10 August, and followlng
a warm froat ressage =2rly on the yth, & south to southiwesterly oircu.m tion was
bringing in werm and relatively luniu ad.r with mid..igm tumperatur@a and cswpoints
avareging about 70°P and 5197 respectively, Maximum Lemperatures were up to about
95°P, A well marked ocold front passage at about 1600 on the 10tk produced north-
westeriy winds and a continental polar airuass over the area, The continentud
polar high pressurs 2:22 wa8 centeréi over ({clsrade by late on the lith, While

the wirds were back to south by this time, the period &8 a whole vas charscterisged
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by a 10-129F drop in temperature, general rains during = 24 hour perioed foliowing
the front paesage and little chanze in alr moisture content.

Mring the period Augusi lz-lj the high pressure systas: weaitsned, moved casi-
ward and guve = weak and ccnfused pressure pattern over the area, A sscond cold
froni was nowing very =iowly southward from nortiwesi Cansda but this had little
or no effect on ths wezther for ibe area undsr considerstion., In general the winds
were light and variable from the south and scuthsast, tempsratures wers gradually
risiig with marbmum values in the low $Ciz ani the dawpoints were the lowest of
Ao Lirs choorvation perisd-avarasinge ahaut !':“3? ajthaugh there was considerablie

=
VP GliVai ¥ Uewwa viiwawie pwn e o

variation from this valus,

By Augast 15, the cold front nad lined up al
essenitiaiiy at:zi:cnsry; While the ares east of the divids was :
cool air bshind the front, there wers 2 number of smsll ossillations of the frunt
back and forth across the area, Rain in tie form of slowers and thundsrstorme wes
coumon throughout most of ths rest of the obssrvation period although was gradu--
ally drving out by the 19th and 20th, Texperstures were among the coolest observed
. with maximm vaiuss in the low 80's and midnight temperature abwut 60°F, Dewpoints
! in gensrai were amcng the nighest ovserved with valuss ranging frem 50- to over
§5°P, The winds were variable, ssnarally frem tho east and southesst following the l
antioyslonic ciroulation around the large high pressure system cantered to the )

northeazt »2 the obsarvation arez in the Minnesota-Wisconsin ares,

XII, SUMMARY OPF MEDIAN SIGNAL LEVELS

The median signzl level msasured on the paths dercribed in Report No, 69 are
compared in Table II to the signal ievel measured an the 50 mile path, '

B Table II
Summary of Median Signal lLevels
Path lmgth in miles 3.5 7.2 i2.1 49.3 49.3
: Wave length in centimetsrs 0,86 0,86 C.85 0.8% 3,2
Nunber of sampios 6 io 11 76 %1

Median signal lsvsl reistive

ta T2z gneo2 in db

Moasuraed =1,0 ~1.7 -2,5 «10.4 ¢1l,5

i Calculated 0.5 ~0,8 -1,6 ~hols 0.0
g Unexplained loss in db per

mile (A% TA 0,13 0,07 o,z -.03

From Table II, it is evident that the unexplained lose T #' > is approxi=-
pately the same for aii of the 5,6 millimeter paths,
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