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1. LJ INTROGLUCTION (1Y,

For the Jaal yvar spveral coimpanies have joined in Project MAY I
BELL under ARPA sponsarship to investipate the feanibility of detecting low-

flying aircraft and Subotarine faunched Balliatic Miwsiles by use of high
fregquency eleciremagnetic waves. In particular, & number of tests have been
made by Raytheon using a shore«mowntied tranamitter {or generating & surface
wave mode while Sylvania has conducted a smaller number of Lests uaing a
bupy-mounled tranamitier wilk reception being accomplivhed via sky-wave

at a remoie sile in Yirginia, The transnitlers and surface wave receiving
sites a5 well an Lne contrnolled pirgraft fligh patierne have all boen an or

near the Eant coast of Florida,

The resclilas of the inilial teste of thin target detection techrigue
were presented in an carlier report writien during this projeci. In that
report il was ahown that an aiicrait dbying approximately 20 ki from a
£000 wati low power [IF traomiltier could be detectert,. While sufficient
detectiony of aircraft were accomplished to demonatrale the feasibility of
suth & system, insuflicient data has been gathered Lo dute Lo perinit
development of & proper sysiem concept 1o provide a complete coastal defensive
syelem, Jn marticular, there are many patarneiess that inter=relate the
grnund-wu;e-lkr wiave mode that have not been examined or tested in detail
Thewe include variations in frequency, path loss with time of day., season, pic,
A Lirm understanding of how a system ean be developed 10 provide the .

neceesaty Sperdt ional capalility does net yel exist,

in this repori, the Gasic paramelers that can lead te a system
delinition {or the surface wave=-sky wive moce are considered by first

evaluwting known theory and experimental data. A scl of ¢xperiments is then

b 3213 o g “le
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proposed that can provide the additional detaila necesvary to complete the

definition phas~ of the program, This will involve measurements of the

variation in tetal path loss wiLh respegt o -&
1) Tirae
2) Scason
3] Frequency
4] Target Aspect Angle
-} Sea State
b} DNislance
7] Prapagatien Moede

The resultant dala, when ecuplec with suitable analveis will provide e

necessacry svaluaticn of the [ollowing basic sysiem regquirements:

1)
Z)
3
4]
51
&}

Probability of detection
Fatsr Alarm Rale
Time Availability
Volumu of Coverage
MNumber of Sites

Power Requirements
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Segtion 2.
(_d)
Z. ‘p{' EYSTEM CONSIDFRA TIONS (Ul "
I Since the pufpose O LRis PurEun wl U pragrans i3 30 goiect low

ftying olreenft and misriles a2 Jow altitude ln order to provide early warning
along lhe sea consts, where the basic methed invelves both a surface wave
over sea water plus a aky wave 10 the receiver, It is apparent that & single
trapsmitter will provide essrntiatly a cirele of coverape; and hence, many such
overlapping circles are needed {or reliable detection as shown in Figure 1.
{t is apparent thal more than one receiver mite will be required gince ship

zonen are known to exist for wky wave propa gation,

More importanily, from a syslem standgeint, il is necepsary to
provide a goed probability of delection for & sipnificant portion of time while,
at the same time, maintaining a reasonsblc faluc-airrm rate, Thus, the
paramelcrs o the syslem smunt be determined in terms of the sysiem
reguirements with various trade=affs beirg possiblc to meximize the cost=

alfeclivencns,

In order 10 determine the system saramceters iL is necesmaty 10
combine available data with experimentation in 2uch a way ihat new data 1%
penerated with gutiicient statistical accuracy to plave Lounds on the

paramcteres, 1lLis process consisls ©f the [ollowiny SLEpS:

- 15 State the problem,
Z] Formulate the hypotheses. .
3) Devisr exprrimental techniques.
1} Examine pospible outcomes with reference back 10

the reascn §oF Lhe problem to apsure the experiment

provides acequate info ronation,

e .3~
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5) Consider the pousible results as well as the statistical

methods 10 be applied, 12 assure that the conditions

necessary for the metheds to be valid are aatiafiey,

b} D)o the experiment, -5
Tl Apply the stalislical meineds 10 the culicc M s e
b} Praw conclueions, with measures of reliability and
contidence limits inciwoed, and with due tarc as 1o the J

validity of the conclusions as they apply Lo the problem

and results,

While the above saguence appears to lead in a straight-forward

nanrer 10 the roquired rosvlbta {in this case, th: pystemn specifications and
paramelers), A nperious arcblem atisen due lu the time=varyinyg statistics of
the various paths. For cxample, the propagation of radis wives over waler
has been studied in the past by many people (7, B, L1} howuver, vaTiations

in the path loss occur because of sea state, wind, ets, and Lhe statistics of
these vatialions 4o nat sbey any simple lav., The same probivin of nuatistical
viriation will also occur in the radiation patturne fram Lhe tranemitier

antenna, the sky~wave mode and tho srattering coefficient of the Tareci.

It shauld alse be noled that the available data on licee prablem
areas docs nol, in pencral, repleasnt average values, bul usually applies only
| to the best ¢ onditione with A ronR=zero mean associated with the va riatioms.

[L shauld also De noted thal moet of the dala concerning Propd jation over a
_.hy-wuv: mode is time gependent with very large chanpes accurring both
for time of day and season &f the year. 1t has also been found that the valuer

are dependent upon geometry and geograplical lecation.

h e I —— —
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In swoatikaly alivis, Ui parposc of thig notl Of experimenis is tg

avaluate the stalizlical variations of the syslewm AR Lhal suitable parameters

can be selected 1o provide a good probability of detection for an acceplable

percentage ol time with & reasonable false alarm rate. The desaved para-
meters will thus have to be selecled 1o accommodale easenlially “worstecase”

conditions, and thesc are ubviously neol :hlnﬁ:d py Laking more data,
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Bection A,

(v)
T __lw‘(, ST/ TEMENT OF PRODLEM AREAS. {U)
— — L ——————— N ————— -—q

Consider & model which conlains & buoy =mounted 1Fansmitter

wilh & vertical anmtenna, a raflceiling target Ilying over the ocean and a
receiving gite with & hizh-pain sntenna locuted sufliciently for {rom the target

so that propagetion occurs via sky=wave.

The basic problem is 10 spesily the parametors 73 Lhal & '-pre-
determined signal 1o nolse ratic will be exceeded with high ganfidence at

the receiving site. The (ollowing 11X areas ahould be inyiatigated:

1) Fliective radiated power and anienna coupling.
21 Surlace-wave losses fO tarcet.
3} Scatterine or reflection coclficient of ta rpet, ‘
4} Sky=wave [0arrs 1o receiver.,
5) Effeclive nDise at ELCCIVPT.
0) Receiver anlenna gaih. -\
—— M et
3. (1) _ Elirctive Radiated Power,

The [ir st problom, thal of cifective radiated power includes 1ke
_wyriations of received power due Lo niolian of the ocean, [hus, if the
ttansmitter power, lccdline and antenna elliciencics are known, ihe far field
car. be mearured and compared with humt rous [ivld intensity clharis such
48 thove of reference 2, Varialions will pocur since the sea al these

froquuencics acts 3k u reflector which unforiunately i@ meving wilh funfc.

OLLSSH

b 22200 e T
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3.2 EU'I Surface Wave Loased,
>

While the aurface wave stlenuation must be valusted. it may te
sve extert be infeppzehla frm the above anlennd cain problem unless a
calri nea and a viable platiearr are uned. A number of theories exist for
ground wave propagalion and ibey also include the effects of an elevated
tatges or receiver, It sliould be noted, that the purpose of this experiment
is not to develop & new Lheory bul rather to determine the variations in path

jous 50 that tcliable detections can be achieved,

kartion U} has studied propapation over & spherical earth and has
shown that there ig significant variation in field strength of a surface wave
as & funciion of heipht; he considers three regions
E = 0
h s tlﬂﬂbﬂz”] fect

> {EDHDH”;) fect

where Jis in megaheria,

3, 2. | {17} Repion 1 ~ Surface Wave,

When bBoth transmitting and receiving antenna (or tarpet) are near
the ocean surlace the direct ang reflected waves canzel and only the surlace
wave exists, The importani component is the one for vertical polarization
hecause ©f the high conductivity of mea water which attenuates the horizentrel
caompenent, Thus, the surface wave Allenuation approaches Lthe values gaven
by thoory for a peifecily cenducting sphere. Barrick (i has alse in¢luded
the effects due 1o reéughness and has published detailed data for various sca
states and frequencies as shown in Figure 2, It should be noted that the basic

losy is for & sphere and not Igptrft:tlf eonducting plane.

UNCLASSIFIED .
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3. 2.2 () Rnginn If - h'ii:dium Antenna Heiphts.

7 r

1n this rcginn Nerton (7) as determined a height-gain function and
it is cnly ncceasaty o multiply the aurlace wave ficld by the [unctians
I{ql‘.i. ﬂ_qz‘.i defined by Nortan for the transmitting and receiving anienna

heights a3 shown in Figure 3.

3.2, 3 () Region 1l - High Antenna,

When the transmitiing andfor receiving antenid are high: the
earth’s curvature affects the field sirength both within and beyond line-cfs
sighi points, The basic groundswave field strépgin musl be multiplied by
s facior depending upon whether tha path is line=-ol=sight or net. At
aufficiently high altit: es the {icld intensity has been (ound to decay

exponertially with increasing height.

At poinis within line-of=gipht the carth's curvature mukt be
conmidered pince lhe plane wave reflection coelficient is different for & curved -
guriace than for a planc. Alss the curved surface reflectinn causes Lhe
encrgy 10 diverge more than is indicaied By the inverse square law, and
hence & diverpence lose lactor must be included. It iy apparent that these
factors aflect not only the tpansmilter to tarpet path but also the larget
to receiver path aince the largel acis 4k a radiator after reflection Burich“”
kas aleo modelled & surface wave and calculated the path koss variatione

with sea state and hoipht for the HF bund, His resulis are very similar

to Korion.
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3,3 (_—aq!( Effective Tarpel Arca.

The evaluation of & meaningful tarpet cross-section l'nrr:n aircrafl
is difficult, since & complex tarpet such as an aircraft may be congidered by
madeup of a large number of iﬁdepmdnnt objecis whick scatier cnergy in
all directions. $koinik!?! haw shown that t\he crosseaection fluctuation {rom
& "simple' scatterer can vary over & rafic of 4 to | which would iniroduce

acintillation in the signal and hence doppler spreading,

Targe! aspect angle (TAA) can have considerable itnpact upon the
reflecied or scattered HF energy impinging ﬁn the tarpet. Some of the
information avallable at £0L on the HF radar cross-seclicns of aireraft
and missiles in contalned in references 4 and 5, however, it should be

emphasized that these measurementa were mmade for backescatter ed ENErgY |

and may nhol be correet for Jurward or sideward acattering. The difficuliy
is that the target arcra nol only affects the amount of Tequired tranamitier |
power, but also because the sizep of typical aitcralt and misziles are on

the order of a wavelength at these frequencies that the choice of operaling
frequency may be influenced, Thus, Appropriate tarpels must be evaloated

in terme of the poals of this program. Some of their conclusiors are: I

l. The {ine structure {noke cone, tail fins, etc) with
dimensions considerably smaller then a wavelenpih has
negligible 2ffect on the cross-scotion at ALY RERECT,

ex<ept in the direction of deep nulls where the depth of

Lhe null is somewhat affected.

2. The HF brozdside cross-sections of rochets and large

aircrail are of the order of several hurdred square ricters, -

.53
Nl
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3. The particular :ylindur- siludied :h-nwtd a deep pull end-on

if the length of the eylinder is leyy than one wavelergth.
f the lenglh is preater than one waveiengih, another null

devalops al 20" (rom breadside,

4. The depths &f the above nulls can exceed 30 db below

the broadside response.

5. The cylinder aspect ratios studied had lenpth Lo diameies
ratios LID 2 10 o 14, A rotation of the cylinder about
an axis normal to ita longitudinal axis and parallel io the
Poyrting vecter resulted in a slewly varying response

(polarization senaitivity} with nulle nel exceeding b db, ]-

| Table I Le taken from Relerernce 5 and shows nulls, oull deptha,

and crass-sections as a funciion of {requency. Greal variations in null

depths are shown « as well as large variations between poaks and nulls,
For example, the peak-to-null va riation ef the KC-135 shows 25.3 = {-15} db
or a total variavion of 42,3 db. 1t is ebvious from these results that both

aircraft and missiles preaent scintillating targets with wide signal va rialions.

It is interesting to nete tha. oaly two outsof=plane measarements
were made - these on the KCal35, They showed =15 to «1% db nulls atl the sane
ircguency. The apparent eras s=pEclion did nel ehange significantly, however.

r Sincc the impinging RF energy from the bupy antenna will not always be
exacily ineplane for an aircrall target, an ~ven more complex null structure

can br expectad as the out-nf-plane angle varies.
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TABLE 19.8)' MONOSTATIC HF BACKSCATTER RADIO CROSS SEC TIONS

FOR AIRCRAFT TARGETS PASED ON X-BAND MODEL
RAMNGE STUDLIES {L). {Reference 5)
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TABLE I (51 -- Continued.
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Soviet
#
BISTN E Pularization (19 1200 [maxF
=18 db [min}
H Polarization 15 164 Imax]
12 db [(rin]
[ - i a— -
BEAR E Polarization 15 18300 (max)
H Polarization g 100 fHiax)
# N — _ L L
TU=104 E Palarization 15 215 {max]
=12 to =1% db [min]
TU«Llé H Polarization b2 (max)
=12 dn {min)
P e T————— _
A— — S E—— A ——————— ———————
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TARLE 1 LS_'F -+ Continued.
MIG 19 F Polaritation 15 450 (max}
.5
Il Polarizavion 15 50, 5 {max)
min at =17 db
MIC 21 E Folarizatiuon b AaH [max)
=22 db nulls au =H0*
H Folarization B. 5G Blb {max)
=25db nulls at S90*
acveral nulls at
= 9o
WI1G 2] E Polarization 15 2uM [(max)
=i4 db nullsl
1 Pularization 1% 12,4 hax)
mir of «93 dh
no nulle

amerm s ommbrw -
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3.4 Wt Sy =Wave Prope tuliidl,

The frequency chosen for this experiment must b exaniined
carefully so that the disadvantages of HE propagation are minimized, Some

of the disadvantages cf using HY are:

|

1 The variability of propagation conditions which could
require changos ih oprrating iroquency .

2} The large number of possible propapation paths with

resulling time dispersion of Lue signal due Lo n-ultiple

modes of propapalion,
kY The large and rapic phase ductuations,

4] The possibility of hish interierence Tates due to multiple

modes of propzpuiion,

For example, Figure 4 snows the typical diurnal variation of
the critical froguency al onc specilic latitude and season {or hogn and low sunspol

numbers,

& low freguency is nevded to got belew the nighltine mexisium
veeable {reguency IMUEF) and a highes freguency is nevded in the daytizie
that is bath below: the MUF yel abovy LR rogion af iipgh albsarpiion. Impaacit
inm thig discussion of firsl=order {AcLors an the ;act that o Jower vecavle
frequency (LLT) exisls and is & function of absorplion, ircident field sirenaths,

recetver niise levels, and receiving site noise vnvirorunent.

AL medium froguencick, it is possihle tnal the prounusayy and
pkywave ranpes overlap with the reen’ that severe foding gar odCuwr @ on L
twe signals are of comparable amplitude,  [he path length is thus a condideration

a5 well a5 the iregurncy chosen {fer 1he expurinicnl,
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Figure 4. Typical Diurnal Varistion of Cratical Froauem s tor January

at Latitude 40 tfeprevs (Fram KRelo 2] (U]
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1.4 (L'} == Continued,

Where Figure 4 showed diurnal variations of critical Ir:qu:ncy at
ane latuude for ene seazen of the year, Fipure 5 shows t'grpic‘al values b]
abscrpuon at midday, Thisisa maximum and depunds upoen the angle of the
gun in relation to the horizon, On short paths, this is the acturt pall

length and net ihe dislance alehy the varih.

In order 1o ovaluale the proper freguencies of operation, 11 will br
receEgary to determine expenimentally the variatish in path loss with
freguency., Ceortain assumptions cah be made 10 limit the amount of

experiunentation neceted dor a sanagcable pregram.  These arel

1) The reseiver site noise environiuent and minimum

dvteetablde signal threshold are accurately Enown.

Ly | The ciivctive radiated pover (EHP) of \he buoy'=-mounted
transmillier and antenns s accuralely known or can Le

prodieied.

1} The HY ratiar croas=section of Larpel avrgratt 15 at Icast

3 . ¥
20 mcters® @t all aeprcl angles.

4} Ihe roc®lAng file antennd paki be KDawn acvuratcly,

S) e reidpzint of the shywave patn b iown or can be
prudicied,

) The ionesphrre midpninl is stable or its varrauon can be
predicied,

1 The instrumente] acCUFeC s 47¢ KEOWH OF cull be cuniralled,

K Ilie buay wwing or sca »1ate will not aifcyd the e surenisnls

of path lows.,
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3, 4 (L) == {Ontinned.

N The wedther clficets on the atmospheric refractibe index

ary pegligible, -*

3.5 L' MNojse At the Recpiver,

Figure 6 ahows typical noise in a boke bandwidih for a latitude of
40" wveraged over & yout, Sumimer averages will be a few &b higher while
winter averages will be a few db lower. he noisc level will vary with
latitude, hoewevet, the particular receiving site is Dixed so thal more sccurate
nolse determinations could be made and a suitable correction facior applied

to any experimenial resulls,

1.0 K’ 29( _ lteceiving Anirnna.

The tranuymiliing antenna will be by neceseity limited to a simple

vertical and muy be guile siiort compared 10 & wavelenglh $o 1kl its
clficiency as & radiater will Lbe luw, The receiving anteana can be guiie
eliicivat providing Lthe chosen [y oquency is not low low, Depending upon the
spatiak separalion ol arriving Kignals {rom more than ony Luoy, the receiving
amenna may have te be rotalable =+ of conwisl B a ateerable array se thal
oplimivm Fexeiving tondinions can exist, The betier Lhe receIving anienna, ‘

the preater the depression of the LUY,
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3. {  EXPERIMENT DESIGN (U).
. L S y——

Because the end measurement of thia experiment is related 1o

doppler shift, it hecomes apparent thidt a siow moving vehicle == puch ae &
suriace vessel == 1o of limited use a8 & tarpgel bn evaluating path losa. In
addition, a helicopter pladormm is considored leas desirable because of low
speed, unknown cross-acction, and rotor modulation eilects, A relalively
high speed alreraft «= up 1o Mach 1 as & targes vehicle == appearn 10 be a
viable solution, but is subject ic sOME comiraints, The airg raft should be
large enocugh to agsure an adeguately large crosd~section, and ior over-waler
eperations il should be mutti-engined. Since the larget is pasaive, it necd
not Fequira mote than a pingle scat aircrafl, auch &3 the F=101, The cross
scction of the target alrcrafi should be known aecurately from maedel

medsurements.

To cover the effecta of diurnal variation, flights must be made
ofien enough during every 24 hours to pravide sufficient wiatistical data. In
addition, scasonal variations require thal experiments must also be carried
gut over & period of monthe a0 thai seasenal effects may be taken into account.

It may be poasible to linearly interpolate for valurs over lenper pariod

.eflectn such an gunipot pumber variation, but this is mers canjeciure &t ithis

time. Additional study is needed to determine the length and {requency of tens,

Since the target aspect angle is & vital parameler, many flight
paths may be necessary == it different altitudes =» Lo provide suilicient
gtatistical data which may be processed 1D provide meaningful results, The
aircraft ahould be flown in tonstant radius circles around the buoy 1o provide

general contenrs. Cross=hatch [light palhs can then be uaed 16 provide L.

N — N
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S L
variable aspect angle data as well as provide chetk points where the circular

aaths are intersected. Again, it whould be realizred that these n:igl-ru mukt
take plzee at saveral different altitudes and should be numer:ul Ak Poasible 10
provide a sufficient data base for slatistical analysis, Reference 10 Table ]
included carlier in this report shows the larger values of croas=-scclion are

1800 metker c% 3o that an assumed 20m° in the equalion below represenis a

WRLEL CA RO,

The rellerted povwer can be expressed as

Fiﬂtﬂ

Al

ref (4 "ml

where:

ref - Pawer reflecied from the larget

v M

r Power of the transmitter

Gt 2 Gain of the tranemitting antcenna
* o e T4rpeL cross section
D £ Distance {rom Lransmiller o targel (same

units as aj

The reflected powe? [Frui} is calculated for various distances I3 in Table Il

assuming an cffective radiated power {F‘Gt] of 1000 waite. Table Il shows !

the large variation in reflected power with distance or volume of caverace.

¥ —— A e ———
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TARLE . REFLECTED POWER FROM TARGET, (V)
S et S st ——
Iristance in Miles Reflected power in dbm
| | .12
2 ~18
5 =2&
10 =32
20 -38B
50 -db
X 100 -52

A sketch of the basic propagation model s shown in Figore 1

below with various pertions of the path labelied,

JOHOSPREAE }

e —— A——

Figpure 7 {U] Sketch of Dasic Propagation Medel. (L)
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: The {sllowing equatient apply to this mpdel.

FP «~ T -L
P

r loas

+ Gt e ERP {in dbm) o

T = ‘lIranamitter Power, Li

P

= Surface Wave Lossts

ioss, L between twD jsotropic AnLERNAL 15 given bys

L = 20)0g,, D+ 20105, 36, 58) 1!

where D ie ip miles and { is in megaheriz, Faih losy cannot be less than Lhe

{repagpace lOss 2R that one can, after Hhorion (B}, state the follow ng:
= Le3 =G +A (¥}
1 r

where L « System Transmistion Loss

G‘. Gr » Tranamilting and Receiving ANIERNA ghins ADOve lgoiropil

A = Propagstion path Joss relative 10 the frec-ppace value L.

=Line logs, and G‘l.ﬁ.nl:nm Cain

b L
Fi t Power Incident on Target
I-'-‘”I = Fi times Target Reflection Coelficient {see Table 1}
| Ll’-kf x Skywave Path LosE lincluding ienospheric loases)
F“_ x Ekywave power Incident at receiver antenna
| 'F- = Fir tiine G;Tnul Signal Fower a1 :r::i-ui-{Fir-rGr tn dhm}
‘ F; : Fref ) le)r * Gr (4]
P = (P} {lLeflection Coefficient] where PP ~-L (5}
red i i r W

‘ wpte that this docs not take into account receiver noise ligurcs. barndwidihE,

nor interierence, The standasd logaritarnic form for froe-3pace LransmikEion

A= o

-llL=-



()
d, E]/ -= Cantinuecd,

In cases where it ie posiible to determine the eifective values of

transmitting and receiving anlenna gain, cguation (7) may be upcd LB
determine the value of A, It becomes impoasible, however, 1o -:parlte the
amienna pains under conditions of nultipaik icnorpheric prapapation, With
mnultipath propagation the only values that can be mea sured are Fr and Fa.

Thus, one must be patisfied with only an overall transmisaion path loss valu..

To see why this is so, 1el d denote ing distance and n} the volu e
attenuation laclor coyresponding 1@ Ihu j=th ionespheric puth, Let :” nd
g denote the power gaine of the transmitting and receiving apt ental ior
thi.i particular path. The average signal power available from the receiving

anténna F.. ig then {{rom Nerton - Hel. 8=

m 2

2y 2
Slded) &
o oL STV &)

Thie is the genctalized form of ecquation {7} above and is ohtaincd by surmnmibg
ithe sipnal powers avpilable frem the spparale paths. W is impossivle 10 extrLcl
the transmitting ahd receiving paikhs frons the suminiation sign. and »o il s
impossible to separate out either an inversr digtance (actor, EAF, or the

roceived fisld intensity.

Referring 10 Figure 2 wnd Eguatione {4] and {5), it appears il One
could meagure (OT calculute} both ERP and the surface wave Joss, L:w' he
{iguren piven in Table I show \otal reflecled power. L il 16 asE urned that
 this is equivalent to the powsr that ie reilectied toward Lhe jumosphuere 10 1hy
direction ol the recei Jing yite, Lhen ine tatue! cah B considerad as a virtual”

transmitter wilth thoxe values in Table I &p Lor ERI5. The sky wave Juss,

L. Ky* can be calculalcd by assuming R atres lowses Luan the free=-s»pice
» .
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il “

loss, LFhis would be approxi.nutely true for nightbine ¢onthlivue, but an ‘ .

albaorpliun factor would lave 1o be agdded fur any porbon ol the path which ts
2

in daylight.

raking ihe vaiues {ra0 pabby I ug 1oe tareet ENI? and caloulaiing

the path luss for $00, 200, 0G0, and )50C mile wkywave distanccs [or a 5 Mcu

transmission JTequency, e watdid \he ingident skywave sicnal power (gl

at the receiving wile {aec Table LILl.

et e ———— r———————————
TABLE Lil {U} INCIDENT SKYWAVE SIONAL POWER {dikn) (V)
r___,_.__..————- - — R s ————
Tarpgvs Fransintesion istance in Miles ‘
ElH
EE.L————— 100 Ha0 1329 1399 _
=12 3 ) -121 -1Z7 1M
=14 a2 ~527 =133 =135
Xk =1ak =134 =141 ~14% ‘
; : =32 3N ~141 =147 - 15l
- 3M -133 =145 =123 157
- &+, -i4 -134 =Ll vl !
F -32 -147 =iul wJu” =151
tneludet 41 th above lablhe by e awpuinpiioang of o sinigle Lop shywat« irupde
gatin amode as well s ab arbitrary 4 gk bues due 1o junuspheric reflectaon, *
‘ Plhis puinber ip cUnRNErvative wifve it dependr opon e rellvcbioen o wa (110 1k
of the jonosphery, and could oe sigtdlicantly Ligher (120 I Aedition why
etV B o DEERT gdin be Rl wviluded in the table.

-
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Ax mentivped before, the parpeac of an) exXperine tul pPrucrati

ia 1o develon sysiems apecifications. Thercicre, tie data taken al best
reptesuenis sainple paints from the Latal possible va riation fur the various
partieny vi tne model, 1 will 1hen be necessary to aprly stantert statiziical
technigues to dete. ..ine the mcan valves and the various pereentiles aboul
the mivan. L[his in turn can be readily translated in1o the niore M L]

sarameters of pawer, anienna gain, velume of coverage, e¢ic.

! In wddition, to the usual analysis, it will be necesnary 10 exanine thye,
dul. 1o evaluale whether dependence exisls on the tarivus porlivss ei 1w path
l and alsd to delermine varialions with Lune, geoprepnical location, «te.,

since il is guite likely that anv system would reguire a wwirel link in ordes

to maintain optimuin paramelers while ar carmmedating the kppwn variaticad in

the =yvELe,

_ R —
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e fellowing parameters conloibule the ool unierlannly lu

e eXNperiaent.

k. Foirgursny = sl i choseh 10 iduiny 2e Mierfereace
3ot provide o auilicvaly sluble signal with tirtse,  Iooad probability, sl lessl
lwo freguencivs will by necessary == vhe for taytine use and one fur aignthoe

1 I

- 17t Leggotic = the path bength noesl e chosen o as bo

amLiize iy porasible scli=iflerlereng ¢ probloviee == ey e Lround wawvp

L OVEE e it 13WET noel andlude the receivine site. Mul the seywave il

abaule! e b eniouch Juv eeliaode nceder,

4. lr.l.:'|_'tl ey ."-]_H'l..l ;"'Llh,'li.' - Ry U'l'-l'i' tlalid .l\.'.l.lln.i.i.‘lll." allr FAs 1

Aoty which ware taken il e hortrontal place. As kel widy dulatied plane taliz
arv hot plotlet, vauept 10 e canes ol e RO-137 arroratl, Ming e incident

BV e fey ok dhe larget wailll ot bwlvwavs Ball vamactly 10 tae orizontel plane

chreetiaited vl smapg fwilp ] VATV Uver sl UBKOL L Talipe,

]
ir=

. Sorld Tl Varrabions = g givel larfpel hans FhaW null

TR IS B T U T LI b o dL, v relure, any hicht pall will an e T G Lal viubi,

crmetrolled o the effeets af the nulls ey e ag vauptled Jar.
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= e waving agle Sabae Frvironrmest = s aa ol ek e be

Aoy afledb the eApeTrinent sk e e GiceT el ail rverwnd] variatiots

1 winprenl ko oase savadd e avalable frun b LIk 22,
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T Platforiy = the recommerded platidra: s o multi=-cngife, I

sk prifernasee sircrait. ard preferably wne whoy CPOSuE=BECELON Ik KI.dwii.

b Aliludes = several altitudes [or the larget will be necuersary

is Loth allnude and {rvquency senritive.

becaune the ficld streagih

sorne dete raunalion ¢f the

9, \ieasurrinent Jakvrancesy =

paesibiv Tanges of toleranc e wall Do necded in all arvas of implemnenlation,
iLE LInpect On ke collected cata.

not enly te Eize Lhe experument, but 1o judoe

L0. Interivronce = HE interierence s a great uuKRoOW D Quantliy

gince 1l varies conciderably irom nour o hocr anu day 16 day. 1 miay mequare

Leing Ligher power

sore Lban Just wo [requendics 1o ronduct Lhie yxperuaent,

sources would decrease the mntericrencs problen.
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SecLion 7.

1. L—”{;‘r/ L NECOMMENDA TIEXNE. -

+

I In sununary il is recomimended that the proposed experimental

propram be acesemplished an four phases. First, analysis and measurements
are needed 1o evaluate the coupling briween the buoy-mounted 1rananitier
and Lhe surlace wave which, of courcs. in vertically polarized., To de this,
A variable frequency transmitler will be operated with & share receiving

station to minimize the variables,

Cezond, add.tional analysis will be made (or tarcol eross=seclicnal’
ared. This is best accomplished by modelling. Model experiments will slso
be ¢conducted to evaluate the dificrence between backscaticr ond forward

ECcatier.

Third, the path loss must be evaluated, To €6 this, an airborwe
trarsputter will be uwed and both the sky wave via the jonosphere and the
surface wave will be measured. In this phase, sulficient dala must be Laken
vo valigate the theeretical results of previous wozkers {2, 3, 7, & and 1)
in order Lo all prediction of time availability with reasonable aceuracy. nlcde

and ireguency of propagation will also be optimizea during this phase.

Fourih, a prelaimninary system will be defined 45 a resull & the
above s estigations, This desipgn will inclade coverape arva, control

requirementa, and an estimate of delection probability and false alarn rate.
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