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h.	 appllcatlon ot It.tlltlc 1 .. 'hodl In anT fl.1d of In••ring or 

nle.leary t 10•••'a,. ID It. de.elop..nt in order 

thlr pro re.. can b. e. To • 1 w1ll ttr.' delcrib. 10" of 

tertetic. of two important th.matical tooll u••tul 1n Itatlet1cRl 

pr.dlctlon~ ot round- •• pro ,tlon and will thin 4e-anltrate their 

applicabilIty to the d. orlptlon at rAdIo prop .tlon o.er irregular terr n 

by lIIana ot an • lee 1\ .hould b••tr••••d at the out.et' t thl1 1. 

Interl. report on method~ whIch have b••n found uI.ful 1n & field in whIch 

Dew nd b.tter nn Yltl are balD« d.veloped al~olt dally. l' e 

thod I will d scrib. h v been uI.tul to UI In Itlmulftting our thlu~."& 

on thi • .ub .~t ~nd I paee th ala to '1'- t thie t1 merely TO ­

r s r rt and not ~e co 4 r ••aroh. 

SLI O. 1 

rlt 10 t 01 I will de erlb. 1 the 1.1 h dt etrt 10n 

or dom .. Lord aIel h lolved the prob1 m ot d.ter nl the pro 

dlltrl '10 of eintnlt d I. of the re ult nt v ctor. o tfl DJ dI' 

b7 ddt to ether, h ndOIl reI til' 1> .. , ber ot v 0 or • 

te. u a	 our co_ndl tlOD 11 ted 1st t 1I' 2' n' 

found bl\t 1tude t t r ItR.nt. An otif 

t 11 1. tor It.: the probl'l 111ty, p, tMt valu h n X 

will occur 1 e to t nu t e qu \ltT r ~ 

ov.r e four r quire enr'
 

or thie d1e 1 Uon r (1) t • um of the ener i, of tbe 1 4i ytc!: ~l
 

It 
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e in ldu y e or 11 co.....··-4 

1 , ( ) t ot eAch co~on.n\ 

1 y of b en 0 

nUllber of anent yeotor. nn~\ b auft1elen\­

O. 2 

,I 11 Jl ho'W 

• ye tour r h r. the effect of r. oin" the nuaber, n, ot• 
OIiplOntml veo'orl. II parUoul.r« p. paper h • "" oon Net d. in
 

4h·tribu 4. r of 11 udal will lie on a Itrai ht
.' 
• 

of ai 11 on•• • dl.tribuU n. here for n unit 

oa r.1a'i ..e root-wlD-aq re .uu. In 

c \0 h r. 1'0 , of n. • ••• 41.14.4 b7 
I 

• roo - y It c ••1117 'be t the root-"aA- • 

, .- 1, ,1 'h. I'l' 1.7. \0 •-
n 1. allOf 11 •• 4.. ot 'h. 

• 
0 y of i of 'h. r.8Ul , ot Il l' 

aD,~c~h '0 A 1.1 

ftnJ~.' tor • 2, 
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pa:n JUnlu..~r I'JraJlD, 1 ,fr a 

I • l.n'llaPta..., -~'0 ..• 
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_raJ..'~er. 
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at p..ll of the Y loh 11 de of I 
MV8. A. 181 d1ltrl­

bu.ted mp11tude could equ lly well be en ed in of Yalu e ede 

tor 80 1tled reeDtu of the tl t tor le. the tan. • 
a 11 tude I, e 1 0 0.8 'he root­ n-.qurre value ot 

NO. 3 

di.tr1bu\lon of the Ine' n'sneou! Tolt • Y, 

to be expected fro. a 71eiKh dl,trlbuted Y otor vith lit de. amdt 

random ph e (w t +-~). '1'bi TaU • Il8.Y be deter.lned .lapl)' ob 

co anent of tha Tector alo the reel art. and we f1 that 'hi' Tolt 11 

d1.tr1buted In ~ nor~l dletrtbatlon vith 8 mean Yalue of ,ero ~nd a 

deTl tlon rI I1r. 
In a>lt of our racl10 pro tlon .tudla. the reeeiTad field' r etltie4 

co tlnuGUI reco erl or41 117 oY1de 

reoor I of t ......rl \to ot th i o lUTe li\ ot tbe .-"
 anYe10 r h r ot \he In.tantan • T. el r 

pollUTe or or r in r 0 lcul.lo ot 

the lei Uon no tv er ..il\lon vill be e of 11)1 

e 

belore bal 

Tol Y. I 4t 100 ot e 

Tol 1\ 1, n­

• I 

'0 poi , 
vi1l 

, 1" 10 (1 • 

• 

, o.er r , 1" • 

1 wS,11 

1r..'P...·~D. 
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re~lt&Dt tiel , _, to b expect d in pro tion oYer a 1800tb earth a­

intI vit in the 1 1 bt ~ b eonliderld to be the .Iator ~ of • 

direc' ••e, O. plut • round-retl~cted ve, Over a laooth .pherlcal 

th the -retlee .e Will be ker t the direct vs.e not onl,. 

beoAule 10.. of 1 , ener i 10 t by b orption but ftllo bee .e ot 

d.1.e	 nce 01 e on reflection at the cur.ed .urf ee of the earth. 

OYlr rtb 1t i. on.eDlent to con.ider the «round-reflected 

.e be r n of lar nu r ot co nent .ector. vtth randoa 

relaU.e h t • etor aaJ be oonlieSered to VI itl 

de ned 1 th ot t.be th tro. the tren••itti anten to 

the corr pondl 01 t and thence to th rloei.l antenDA. bl 

o ce poln r 1 eU lurf el, corr I ondl to the fe. r 1 

co t y loc tion on t rf tor leh thl p AI 

t.h 1e th 1 el ther ••inlm. or dma. enI 

the	 tf cl tl7 ro tr qu n 

at 1 cl Iflc! nn 1, thAt I, nct too n r to r 11n Incldene8, 

1 t will to Ive ot the 1n i.ldu 1 co onent .eotor. 

vill o r cSt I. Dd r tb e elrena. nc I 

all valu of h r.!l Uy. bet eD thl eo otor. Are equsl17 

11 11'. 'fl d rip ion ot ye over roU«h 

71e1 dl.trlbu d • d7' 

t 1 e 17 de@eribed y It~ root. ­ pH tu e, 

If t re DO dd1tl0 10 In the ro d-r8tleete ye ner dUI 

to ro hn , r 11 tud , , would I 11 b qUAl to thft 11tu , 

, of h ve r fleeted tro. the oth .. rt • or the pr t, It 11 b 

lutrlcl nt to 1 t o wher t, U 11y 1•• t un! 7,• 

trt.b 1! 
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bic d.not•• the .o.r", in the ro h-.~rth ground-refl.ct.d v V8 r.lative to 

that in th dir.ct vave. 

r thAt the v.ctor lum of the dir.ot 

o' plu. the lei,h-diltrlbuted ro~h- rth ground-reflected WAY' would 

alia be di.trlbuted in a AAll.1g h di,trlbut1on but thi. doe. not follow be­

nent vector. ~ • il. in thi. ca.e. not 1can.. at t f"ct thAt the co o 
o 

co red to th ot-au Rq ro vAlue of ~ll of tbe co nent ... 

. II 

On t 8 s11dl Ie .ho~n thl explcted dl.trlbutloo of ~ re.ult t when 

2 i.thl ener", of one of the Ind.1vlduRl component vectors, r pre,ent..d 01' o' 

not , 1 1n co r1.on to t tots1 .o.r repre.ented b7 C-:' r)' It. 

will be noted thRt the dletributlon of the relultant •.». 11 7lel1:h d1 tr1­

buted only for very l~r~e ue til of k.· th t 19. onll for T.ry lu • 

of .ult l~-c wpo ent lei h-dl~trlbut d ener co red to the 11n"le­

co onftnt direct wave ener~y. Such 1 r~. Yalue. of k would be I c d only 

1n e.n \UtuAulll Itt tion wh re the direct w Te 1. eu r ••••d. for 8%8 1, 

by of trA ItH " direct d from th.. ,.eta_l rec i nr 

towI!rd t,ne elnter of .,tty of thf'! 1 of t e r e1vl~ nn in the 

rO\ur.h ,-round. 

J.t k: beeo r d .11"r, t t I. a t b 00 

11 0:1 to t e dlrflc t "'Ava f!ner~. the elop 0 th l!Itri uti n 

beeo 11er. Th'! Ihould be noted in connftctlon with AteI' 1m n 1 

rillul teo 

Th result. shown here 0 ftl,o be u~ed In the CR..e where the ind1vl 

co onent T etor do not ve co letelT r dam relstlve p • COD Ider •• 

1 
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a 0 aonceptl to c t 11 r ed by 7ing 

10 t. In 

t t fro de of 
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.,
'1.refleo 4: 1 

re e4 b)" reflecUo dx t • tbe .ca'tered enerC7. 

for hi' .11de i\ o 14 be Doted ,hat the root­ • 

• re refl tiOA oefrielent 1. eo.-what lar.r t the 1 er r 

? 

I '1111 rn no" to It 4i .tOD of the _---....--==1 t de. of the.e cround 

reflection coefficient.. On t 1_ .11de \be point. plo'tet rapr••ent root-

re u o th gro reflection coefflcient •• ah point 1, 

the ob\ 1n.d fro out 40 e rate d.ter.ination.. fhe cirole. 

Joined b7 • d .hed curve denote value... red over 1 d OD Poa whil. 

the ro•••• joined by • do~ted eurve repr. t val .. lI1lred. over lu 

on 123 If'he r .olid OUrwl aorr••pond. to a rlfl.otion coefflc ent 

calculAted on t AI.umptloD that the rth 1., oth 4 ~ be repre.ented 

by a dill otric oon.tant equal to 30; thu., the•• value. corr. ond to the 

product or plane v ve reflectlon eo.fflolent .ultlp1i.4 by a tiver oe 

factor to allov ror the .rfect. of earth'. curva'ure in re dine th. eDlr 

in tbe r fleete4 waVI. Th. low value. of reflection coefflclent at the 

.horter 41 tance. are elu.ed by earth ab.orpUon neAr the 'P 

an.le whUe the low v lu•• at l&r~ dl.tances are due to the larpr 

diver enc. ex~.cted near ~ra.i inoldence. Th. lovlr 10114 e oorre. 0 41 

to • ert' law ot rlfl.ction fro. 4ittu.e .urfaae.; thu., accordi to 'hi. 
l"v. the ener reflected i' proportlonal to the co.ine of the e of 

Inoldence. LRabert'. lav do•• not .p.olfy the "CUi of the refleottoD 

4 tbi8 hll beln •••u_d In the •• curv•• to be 'he plane earth refle 

.e 

r 
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GEOMETRY OF AtR-TO-AIR PROPAGATION EXPERIMENT
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FIELD INTENSITY VARIATIONS OBSERVED IN
 
AIR-TO-AI'R PROPAGATION OVER IRREGULAR TERRAIN
 

ALTITUDE OF BOTH AIRCRAFT 9800 FEET
 

FREQUENCY 328.2 Mc/s
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DiSTRIBUTION OF OBSERVED EFFECTIVE INTENSITY OF
 
GROUND REFLECTED WAVE, ER , RElATJVE TO THE
 

DIRECT WAVE I ED I FOR TWO AIRCRAFT
 
FLYING OVER iRREGULAR TERRAiN
 

FREQUENCY 328 MC/S i ALTITUDE 10,000 FEET 

fiAT IO~AL BUREAU OF STANDARDS (~ 
CE NT r:AL RADIO PROPAGATION LABORATORY 

I SEPTEMBER 1948 
-
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0.01 
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PERCENTAGE OF THE DISTANCE WITH
 
RATIOS HIGHER THAN THE ORDINATE VALUE
 

60-70 MILES 

O 
0.Q7 
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0.03 "'" 
0.02 

0.01 
I 510 30 50 70 90 95 98 99 

PERCENTAGE OF THE DISTANCE WITH
 
RATIOS HIGHER THAN THE ORDINATE VALUE
 

128-148 MILES 

Values of ER /Eo distributed in accordance with the Rayleigh distribution 

P= IOOe-(ER/Eo)Y(E~/Ed)2 

would be on the straight line with slope -I
 

(From data token by Col/ins Radio Company, Cedar Rapids, Iowa)
 



EFFECTIVE REFLECTION COEFFICIENT OF THE GROUND
 
FOR AIR-TO-AIR RADIO PROPAGATION
 

BOTH AIRCRAFT AT AN ALTITUDE OF 9800 FEET OVER LAND
 
VERTICAL POLARIZATION
 

~ 
i::: 
~ 

~1 
~ 

~ 
-...Q 

h.. 

~ 
~ 
~ 
~ 
'\J 
~ 

~ 
i::: 
~ 
t: 
l.l.j 

11E -30 
I Iperfectly smooth earthIf 123 Mel ........... I /'". 

.'~'. / IRI·D". 
". j 47TLJh 0 

~ -.:....;..- ~..=::::-::::.:: 
~ 1'::::"- I-­ ". ~ ;\ -­

/ ....<:•. .... 
~'f­

~'9 
~•••••Y: _:.:....:x --­.... 

/ vA.... .// -~ 
/ f= 328 Mel ~./ ..... ,. y, ,/ 

/}< ILJh=15feetl ". ''(; .....d' .....
:" .... ..... 

,-----cr­
. .... ... '0-_--:"--<1/ "0-'" ___ -0 

I .: / II '''O--'""~I~=328 Mel 
, 
I ..~<, 
I • LI ... ~\IY r--­\, -~A 

-I f= 123 Me I --ILJh= 15 feetl --.... 
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LAMBERT's LAW 
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io­ IRI1cos ¢ 

perfectly rough earth 

A = 41T LJh cos ¢ > .J1..
A 2 

I~ata obtained by Collins Radio cal I NATIONAL BU.'AU 0' srANOA.DS 

Cedar Rapids, Iowa. CENTRAL RADIO PROPAGATION LABORATORY 
JULY 1949 
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EFFECTIVE REFLECTION COEFFICIENT OF THE GROUND
 
FOR AIR-TO-AIR RADIO PROPAGATION
 

BOTH AIRCRAFT AT AN ALTITUDE OF 9800 FEET OVER LAKE MICHIGAN
 
VERTICAL POLARIZATION
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