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ABSTRACT 

Thi s  report descr i bes a na l ys i s model s a nd softwa re packages devel op ed by 
the Nati ona l  Tel ecommu n i cati ons and Informati on Admi n i strati on ( NTIA ) for the 
a s ses sment of s i ng l e-entry a nd aggregate i nterference from terrestri a l  
emi tters i nto terrestri a l  or a i rborne v i cti m  recei vers . The menu -dri ven 
compu ter p rograms a re 1 00% MS-DOS compati bl e ,  a nd p rov i de u ser opti ons for 
i nput/ ou tput computati ons ,  parametr i c representati ons , propa gati on model s and 
emi tter di str ibu ti ons.  The f l ex ib i l i ty i n  the scenar i o c reati on� pa rameter 
sel ecti on , a nd  computati on mode , renders the model s app l i cabl e to a wi de 
vari ety of EMC as sessments a nd condi ti ons . Model descri pti ons , tech n i cal  
formu l ati ons , u ser manu a l s ,  and  samp l e  ru ns  are provi ded i n  thi s report . 
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BACKGROUND 

SECT ION 1 

I NTRODUCTION 

The Nati ona l  Te l ecommun i cati ons and Informati on Admi n i strati on ( NT IA )  i s  
responsi bl e for man a gi n g  the Federal  Government1s use of the radi o spectrum. 
NT IA's responsi bi l i ti es i nc l u de establ i sh i n g  pol i c i es concern i n g spectrum 
assi gnment, a l l ocati on and u se ,  and p rovi di n g  the var i ous  departments and 
agenc i es wi th gu i dance to ensu re that thei r condu ct of te l ecommu n i cati ons 
acti v i ti es i s  consi stent wi th these pol i c i es .  I n  support of these 
responsi bi 1 i ti es , NT IA has undertak en a number of spectrum resou rce 
assessments ( SRAs ) . The objecti ves of these stud i es a re to assess spectrum 
uti l i z ati on , i denti fy exi sti n g  and/or potenti a l  compati bi l i ty p robl ems between 
systems of var i ous departments and a genci es, p rov i de recommendati ons for 
resol v i n g  any compati bi l i ty con f l i cts , and  recommend  changes to p romote 
effi c i ent and effecti ve use of the radi o spectrum and to i mp rove ,spectrum 
management p rocedu res . 

A Draft Noti ce of Proposed Ru l emak i n g ( NPRM ) was submi tted by the Federal  
Commun i cati ons Commi ssi on ( FCC ) to the Interdepartment Radi o Adv i sory 
Commi ttee ( IRAC ) on Au gust 1986 ( Doc . 25038/ 1 ) . The NPRM refers to a revi si on 
of Parts 2 and 15 of the FCC Rul es and Regul ati ons regardi n g  the operati on of 
non-l i censed radi o frequency dev i ces. 

The Techn i ca l  Subcommi ttee ( TSC ) of IRAC performed a pre l i mi n ary study on 
thi s  matter, and submi tted i ts i n i ti al comments in September 1986 ( Dace 2 5087 ) 
wh i l e  i ndi c ating that furthe r  i nvesti gati on was needed due to the di versi ty 
and comp l exi ty of the i ssues i nvol ved . The TSC was task ed by IRAC to conti nue 
i ts study on the i mpact of the p roposed revi si ons on Government ope rati ons .  

The TSC formed Work i ng Group ( W G )  19 to respond to th i s  task , and address 
any othe r  perti nent i ssues regardi n g  the FCC Rul es and Regu l ati ons on 
non-1 i censed rad i o frequency devi ces. The TSC/WG-19 has condu cted several 
meeti n gs from September 1987 to Ju l y  1988 on th i s  matte r ,  where techn i  ca 1
devel opments and pol i cy gui del i nes have been d i scussed and/or recommended . 



One of the TSC/WG- 19 task s  was the deve l opment of standa rdi zed 
p rocedu res, ana l yti c model s ,  and computer  al go r i thms for the assessment of the 
el ectromagneti c compati b i l i ty between non -l i censed dev i ces and gove rnment 
systems . In pa rti cu l a r, s i n g l e and aggregate emi s s i on effects f rom 
non-1 i censed dev i ces were to be con s i de red w i th suff i ci ent fl exi  b i l i ty to 
support di sti nct techn i cal speci f i cati ons and geograph i cal d i str i buti ons.  

The Spectrum Eng i neeri n g  and  Analys i s  D i v i s i on (SEAD ) and the Analyti c 
Model Development Branch ( AMDB ) pers onnel of NTIA have pa rti ci pated i n  the 
TSC/WG�l9 meeti ngs»  and accepted the tas k  to develop s i n gle and aggregate 
analys i s  models and s oftw a re packages to assess the potenti al i nte rfe rence of 
undes i red emi s s i ons  i nto terres tri al and a i rborne stati on recei vers.  

OBJECTIVES 

The objecti ves of the NTIA tas k  were as follows . 

•Develop a s i n gle emi tter a nalys i s  model that esti mates the em i s s i on 
level recei ved by a di s tant stati on. 

•Develop an  aggregate emi tter analys i s  model that es ti mates the 
emi s s i on l evel rece i ved by a terres tri al o r  a i rborne stati on from a 
di str i buti on of multi ple emi tte rs.  

APPROACH 

The foll owi ng  app roach was employed to accompli s h  the tas k  objecti ves:  

The FCC Rules and Regulati ons for non=li censed emi s s i on dev i ces were 
i nvesti gated to i denti fy the di verse emi s s i on level speci f i cati ons 
( pa ramete rs ,  un i ts ) to be suppo rted by a n  a nalys i s  model. I t  was concl uded 
that both fi eld strength and radi ated power levels s hould be p rov i ded as i nput  
opti ons,  a l ong  w i th standa rdi zed un i t  con vers i ons fo l lowi ng  the TSC/WG-19 
gui del i nes . 
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A s i ng l e emi tter anal ys i s  model was devel oped wi th v a ri ous i nput/oµtput 
computati on opti ons to suppo rt the di v e rse speci f i cati ons and the recommended 
g u i del i nes . Mu l ti pl e emi tter di s tri buti ons  were al so  model ed, and aggregate 
recei v ed power computati on al go r i thms were devel oped for te rrestr i al  and 
a i rborne stati on recei vers . The software packages were coded in  FORTRAN wi th 
100% MS-DOS PC compati b i l i ty, and a re a l l avai l ab l e i n  a s i n g l e  l ow-dens i ty 
di s k c  The th ree di sti nct packages l i sted be l ow were deve l oped to s i mp l i fy the 
user  i nte racti on . 

•S i ngl e Emi tter Ana l ys i s  Model ( SEAM) 

•Agg regate Emi tter Ana l ys i s  Model for Terrestri al  Recei vers ( RINGS) 

•Aggregate Emi tter Ana l ys i s  Mode l for Ai rborne Rece i vers ( POOME) 

The SEAM and RINGS p rograms have the opti on of us i n g free space formu l a s 
o r  a p ropagati on model sub routi ne  for  the path l o ss  versus  di stance 
cal cul ati ons . The POOME program uses free space p ropagati on . The p ropagati on 
model subrouti ne  i ncorporated i nto the SEAM and RINGS p rograms i s  the 
Integrated P ropagati on  System ( IPS) model . 

The secti ons that fol l ow des cr i be each of these  ana lyti cal mode l s and 
s oftwa re p ackages . It s houl d be emph as i zed that even thou gh thei r devel opme nt 
was moti vated by non-l i censed dev i ces and thei r emi s s i ons,  the mode l s and 
packages can be  appl i ed to other  e l ectromagneti c compati b i l i ty and 
i nterference es ti mati on appl i cati ons i n vo l v i ng a s i ng l e emi tter or  aggregate 
emi tter di stri b uti ons �  
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SEAM TECH NICAL MANUAL 

SECT ION 2 

S INGLE-EM ITTER A NALYS I S  MODEL 

The purpose of thi s secti on  i s  to descr i be  the si ng l e-emi tter ana l ys i s 
model ( SEAM ) and computati on opti ons. A s i n g l e  emi tter i s  consi dered., and the 
u ser  can speci fy the emi s s i on l evel  i n  terms of fi e l d strength or radi ated 
powere A di rect computati on mode esti mates the emi s s i on l evel s recei ved 
( f i e l d strength , power ,  power f l u x  dens i ty ) at a p ropagati on di stance 
spec i f i ed by the u ser . An i nverse computati on mode esti mates the p ropagati on 
di stance  requ i red to mai ntai n the rece i ved emi s s i on  l evel  be l ow a th resho l d 
l evel  s peci f i ed by the user. 

A p ropagati on  model i s  i nc l u ded  i n  the pack age as a subrouti ne  fo r path 
l oss  versus di stance determi nati on i n  di rect and i nverse modes . Any futu re 
enhancements of the p ropagati on  model can be i ncorporated wi th out affecting 
the other  computati on fu ncti ons. A f ree-sp ace p ropagati on - opti on i s  a l so 
provi ded.  

The program i s  menu -dri ven wi th user  sel ecti on  of  the computati on  mode 
and i nput p arameters as descr i bed bel ow . The u ser i s  p rompted on ly  for those  
i n put  pa rameters needed  for the computati on  mode se l ected ,  and  the ouput data 
i s  di s p l ayed i n  vari ou s conveni ent u n i ts . 

The user  se l ects one of these two opti ons to speci fy the computati on mode 
and output data : 

( 1) Di rect Mode : the fo 1 1  owi n g  p arameters are computed based on an 
emi tter stren gth and a p ropagati on di stance se l ected by the u se re 

• Propagati on  Los s  ( Lp ) at p ropagati on  di stance ( D ) 
• Fi e l d Strength ( E ) at p ropagati on  di stance ( D ) 
• Recei ved Power ( Pr ) and Spati al  Power Dens i ty ( Pd ) 
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(2 ) In verse Mode: the fo l l owi ng pa ramete rs a re computed based on  an 
emi tter strength and a recei ver thresho l d se l ected by the u ser. 

• P ropagat i on l oss  ( Lp ) to meet recei ver  th resho l d 
• Propagat i on di stance ( D )  to meet recei ver thresho l d  

The user  a l so  se l ects one of  these two opt i ons  to speci fy the p ropagat i o n  
l os s  versus distance computat i on i n  either  d i rect o r  i nverse mode: 

• Free Space Propagati on Formu l as 
• Integrated P ropagat i on  System ( IPS ) Mode l  

The user  a l so  se l ects one o f  these two opt i ons t o  speci fy the emi tter 
st rength i n  e i ther  di rect or  i n verse mode: 

• Fi e l d  Strength  ( E0 ) at Reference Di stance ( D0 )  
• Emi tte r  power: u se r  c a n  se l ect ei ther  the equ i va l ent 

i sotropi ca l l y  radi ated power (E IR P ) ,  or  the t ransmi tter  power 
( Pt ) and transmi tter antenna gai n  (Gt) i ndependent l y  (E IRP=Pt� ) "  

The user  al so  se l ects one o f  these th ree opt i ons  t o  speci fy the rece i ver  
t h res ho l d  i n  the i nverse computat i on mode: 

• Recei ved Power  Leve l  Th resho l d  ( P rt ) 
• Rece i ved Spat i a l  Power Den s i ty Thresho l d  ( Pdt ) 
• Recei ved Fi e l d  St rength  Th resho l d  ( Et ) 

The computat i on  process i s  summar i zed i n  Fi gu re 2=1e The user  se l ect i on 
of  the  computat i on mode and emi tter st rength opt i ans automat i ca l l y  tr i ggers 
the i n put  pa rameter  p rompt s, and p rov i des the i nput/outpu t  computat i on 
formu l as and output data d i sp l ays The p ropagat i on model p rov i des d i rect o r  
i n verse path�l oss  versus di stance convers i ons  accordi ng to  t he  computat i on  
mode se l ectede 

The i nput parameters accepted by the package are summar i zed i n  TABLE 2�1, 
a l ong wi th the output pa rameters computede  The E IR P  i s  automat i ca l l y  der i ved 
i f  the t ransmi tter power and antenna  gai n are i nputtedo The rece i ver  antenna  



User Selection of Comp utat i o n 

Mode ( Direct or Inverse) an<l 

Prop agation Model (Free Space 
Formulas or IPS Model) 

Direct 

1 ' . 

User Selection of Emitter 

Strength Specification 

(Emitter Power, or Field 

Stren�th at Reference Distance) 

User Selection of EIRP, or 

Transmitter Power and Antenna 

Gain, for Emitter Power Option 

Inverse 

. 

User Selection of Receiver 

Threshold Specitication 

(Received Power Level, 

Received Spatial Power Density 

or Received Field St rength, 

at the Propagation Distance) 

1 l 
,_ ________ ._ ______________________________________ -.I.._ ___________ . __ 

User Selection of Input Parameter Values and Uni t s 

Automated Unit Conversions and Input File Pr eparati"on 

, . 

Automated Selection of Input/Output Comp�tatlon Formulas 

User Selection of Propagation Model Parameters for IPS Option 

, 

Automated Computations and Output Data Display 

Figure 2-1. SEAM computation process.
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TABLE 2=1 
SEAM DIRECT AND INVERSE MODE COMPUTATIONS 

Direct Mode Inputs 
Emission Frequ ency F (MHz) 
EIRP (W,mW,nW, dBm, dBW ) 
Transmitter  Power  Pt (W ,mW,nW,dBm,dBW )
Transmitter Anten n a  Gain <lt (dBi ) 
Fie l d  Strength E0 (mV/m,µV/m )  
Reference Distance D0 (m ) 
P ropagation Distance D (k m) 
Receiver Antenna Gain Gr (dBi )
Receiver Antenna Diameter Dr (m)

Direct Mode Clitputs  
-· Propagation Loss  lp(dB ) .

Fie l d Strength E (µV/m,dBµV/m)  
Rece}ved Power  Pr (mW,dBm )
Spatial Power Density P� (mW/m2,dBm/m2 )

.... 

Notes 

Inverse Mode Inputs 
Emission Frequ ency F (MHz) 
EIRP (W,mW,nW , dBm, dBW ) 
Fie l d St rength E0 (mV/m,µV/m)  
Reference Distance D0 (m ) 
Receiver  Power Th resho l d  Prt (dBm)
Spatial Power Den sity Th resho l d Pdt (dBm/m2 )
Fie l d  Strength Th resho l d Et (dBµV/m )
Receiver  Antenna  Gain Gr (dBi )
Receiver Antenna Diameter Dr (m)

Inverse  Mode Clitputs  
Propagation Loss LP (dB )
P ropagation Distance D(m )  

(1 ) -Use r  se l ects between EIR P9 (Pt,Gt;),  or  (E0 , D0 )  input to  specify the
emitter strength, in both direct and inverse modese 

(2 ) User  se l ects between Gr or  Dr input to specify the receiver  antenna ,
in both direct and inverse modes. A defau l t  va l ue of Gr = 0.0 dBi is
p rovided . 

( 3 )  Use r  se l ects between Prt o r  Pdt o r  Et input to specify the receiver
l evel  t h resho l d, in inverse mode on l y. 

( 4 )  Use r  se 1 ects free space  or IPS p ropagation mode 1 to specify the 
distance to path l os s  conversion, with defau l t  va l ues  and h elp s c reen 
provided for the se l ection of the IPS model pa rameters. 

( 5) A 1 1  the outputs 1 i sted above a re p rovided for t he direct or  inverse 
mode , u sing scientific notation for the non -dB u nits. 
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gai n  i s  automat i ca l l y  deri ved i f  the recei ver antenna di ameter  i s  i n putted, 
assumi ng a p a rabo l i c  di sh wi th  an effi c i ency factor n = 0.55 . 

The i nput/output computat i ons  are performed wi th  a set of standard un i ts 
and formu l as .  Any u n i ts convers i on i s  done before ( i nput f i l e  p reparat i on )  or 
afte r  ( output data di s p l ay )  the i nput/output formu l as are app l ied . Th i s  
p e rmi ts  the  potent i a l  mod i f i cat i on of  the  i nput  and output u n i ts w i thout 
affecting the  set of  i npu t/output formul as  i mp l emented i n  the p ackage . 

The i nput/output  formu l as emp l oy ed i n  the  di rect and i nverse  mode 
compu t at i ons  are summar i zed i n  TABLES 2-2 and  2-30 Each tab l e con s i sts of two 
sets of  formu l as ,  w i t h  one set correspond i ng to the f i e l d  st rength i nput 
opti o n  and the other  to the emi s s i on  power i n put opt i o n . The formu l as are the 
l ogari thmi c ( dB )  v e rs i ons  of  the p aramet r i c re l ati ons descri bed i n  thi s 
secti o n . 

The IPS p ropagat i o n  model  su b routi ne al so  requ i res anten n a  he i ght and 
e n v i ronmenta l  data as i nput p arameters to be p ro v i ded by the u s e r .  These 
pa ramete rs are i nputted v i  a a ded i c ated IPS sc reen that i nc l udes parameter  
ranges and he l p suggest i ons a s  i l l u st rated bel ow. 

Integrated Propagation System Input Screen 
��----------------------------------------

site Parameters: 
Transmitter antenna heiqht 

Receiver antenna heiqht 
Ground and Atmosphere Constants: 

Ground conductivity (OeOOOl-5.0 mho/m) 
Ground dielectric constant (1.00-81.00) 

Atmospheric re!ractivity (200.00-450.00) 
Transmitter polarization (V or H) 

-
-

-
-
-
-

Suggested . Conductivity . 
Values . Average ground o .. oos . 

!or . Poor qround 0.001 . 
Electrical . Good ground Oe020 .. 

Ground . Fresh water 0.010 . 
Constants . Sea water s .. ooo . 
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5.00 • 
15;.00 la 

0.0050 mho/m 
15 .. 00 

301.00 
v 

(mho/m) Dielectric Constant 
1.5.0 

4.,0 
25.0 
81 .. 0 
81.,0 



TABLE 2�2 

SEAM DIRECT MODE INPUT/OUTPUT FORMULAS 

Case of F i e l d  Stren gth  (E0 , 00 ) Input Parameter  

E (dBµV/m)  = = 27e6 + E0 (dBµV /m) + 20 l og D0 (m) + 20 l og F (MHz) = Lp (dB )  

Lp (dB ) = Direct Propagat i on Model eva l uated at D (m )  

Case  of EIRP Inpu t  Parameter 

E(dBµV/m) = 77 . 2  + EIRP(dBm ) + 20 l og F (MHz )  = Lp (dB ) 

Pr (dBm ) = EIRP(dBm ) + Gr(dB i ) = L0(dB ) 
. r 

Pd (dBm/m2) = - 38.5 + EIRP(dBm ) + 20 l og F (MHz) = Lp (dB ) 

Lp (dB ) =Direct Propagation Model eva l uated at D (m )  

Note: The conversion a 1 gori thm between the two cases above is 
EIRP(dBm ) = = 104.8 + E0 (dBµV/m)  + 20 log D0 (m ) »  based on 
free space propa gation at the reference di stance 00 (m ) .  



TABLE 2-3 

SEAM INVERSE MODE INPUT/OUTPUT FORMULAS 

Case of F i e l d  Strength ( E0 , 00 ) Input Parameter  

lp (dB ) = - 104 .8 + E0 (dBµV/m)  + 20 l og D0 (m) + Gr (dB ) - Prt (dBm)  
= - 143 . 3  + E0 (dBµV/m)  + 20 l og D0 (m ) + 20 l og F (MHz) - Pdt (dBm/m2 ) 
= - 27.6 + E0 (dBµV/m)  + 20 l o g  00 (m ) + 20 l og F (MHz) 

D (m )  = In verse Propagati on Model eval u ated at Lp (dB ) 

Case of  EIRP Input Paramete r  

Lp (dB ) = EIRP(dBm ) + Gr (dB ) - Prt (dBm ) 
= - 38 . 5  + EIRP(dBm) + 20 l og F (MHz) 
= 77. 2 + EIRP(dBm ) + 20 l og F (MHz) 

Pdt (dBm/m2 ) 
Et (dBµV/m)  

D (m )  = Inverse Propa gati on Model eva l u ated at Lp (dB )  

� Et ( dB µVI m ) 

Note: The convers i on al gori thm between the two cases above i s  
EIRP(dBm) = - 104.8 + E0 (dBµV/m) + 20 l og D0 (m) , based on 
f ree space propagation at the reference di stance D0 (m ) . 
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The fol l owing fou r examp l es il l ustrate the direct and inverse computation 
modes . The input and output data fol l owing the u ser  sel ection of the 
computation mode , propagation model , and input pa rameters , a re shown in TABLES 
2-4 to 2-7 .  

TABLE 2-4 il l u strates the direct mode computation made with the emitter 
E IRP input option9 a nd TABLE 2=5 il l u strates the corresponding inve rse mode 
computationo The receiver antenna diameter is se l ected as  an  input pa ramte r 
in both mod ess and the received power th res ho l d is sel ected for the inverse  
mode input  optiono 

TABLE 2=6 il l u strates the direct computation mode with the emitter fiel d 
strength/input option, and TABLE 2-7 il l u strates the corresponding in verse  
mode computations . The receiver a ntenna  gain is sel ected as an  input  
pa rameter in both mod es , and the received power th reshold is se l ected for  the 
inverse  mode input  option . 

TABLE 2-4 

SEAM DIRECT COMPUTATION MODE WITH EMITTER EIRP INPUT 

INPUT DATA = Direct Mode  

Frequency "' 1700.000 

Emitter EI RP "' =13.0 

P ropagation distance = 50.00 

Receiver a ntenna  d iameter "' 

OUTPUT= Direct Mode 

Propagation los s  = 

Fiel d Strength = 

Received Power = 

Spatial Power Density = 

3.47791E-03 µV/m 

1.24991E-16 mW 

3 .25565E- 17 mW/m2 

2=8 

3.0 

MHz 

dBm 

km 

m 

178 .O dB 

=4q.2 dBµV/m 

=159 .0 dBm 

- 164 .9 dBm/m2 



TABLE 2-5 

SEAM I NVERSE COMPUTATION MOOE WITH EMITTER EIRP 
ANO RECE I VED POWER THRESH OLD INPUTS 

I NPUT DATA - I n verse Mode 

F requency = 

Em i tter E I RP = 

Rece i ved power thres hold = 

Rece i ver  a nten na d i ameter = 

OUTPUT - I n ve rs e  Mode 

1700 .000 MHz 

-13.0 dBm 

-1sq.o dBm 

3 .o m 

Propagati on  Loss  = 178 .0 dB  

P ropagati on D i stance = 

TABLE 2-6 

49.982 km 

SEAM D IRECT COMPUTATION MOOE WITH EMITTER FIELD STRENGTH INPUT 

I NPUT DATA - D i rect Mode 

F requency = 

Emi tter f i el d  strength = 

Reference d i s tance = 

P ropagati on  d i  stance =. 

Recei ver  a nten na gai n  = 

OUTPUT - Di rect Mode 

Propagati on Los s  = 

F i el d  Strength = 9 . 5 5674E-02 µV/m 

Recei ved Power = l .37 58 1 E - 12 mW 

Spati al  Power Dens i ty = 2 .45821E - 14 mW/m2 

2-9 

200 .000 MHz 

500 .O µVm 

30.0 m 

10 .oo km 

25 .0 dB i  

122 .3 dB  

-20 . 4 dB µV/m 

- 1 18 .6 dBm 

- 135 . 1  dBm/m2 



TABLE 2-7 

SEAM INVERSE COMPUTATION MOOE WITH EMITTER FIELD STRENGTH 
AND RECE IVED POWER THRESHOLD INPUTS 

. INPUT DATA � Inverse Mode 

Frequency "" 200�000 MHz 

Emitter field strength � 50000 µV/m 

Reference distance "" 30 .o m 

Received power threshold = �118 .6 dBm 

Receiver antenna gain "" 2s .a dBi 

OUTPUT ·� Inverse Mode 

Propagation Loss � 122.3 dB 

· .  Propagation Di stance � 10.000 km 

SEAM MODEL FORMULATION 

The power received (Pr) from an emitter at a distant location. can be 
formulated in terms of the received field strength ( E), medium impedance (Z), 
emission wavelength (A) or frequency {F), and receiving antenna aperture (Ar), 
diameter (Ad), efficiency (n) or gain (Gr), as follows 

Pr(W) = [E(V/m)J2 
Z( n) 

[E(V/m)J2 
= 

Z ( �) 

. 

� 

Ar"(m2) = 

[A(m) ]2 
G 41f r 

[E(V/m)J2 
G n � [Dr(m)]2 

Z( �) 

"" 9 x 10
4 

• [ E(V/m)]2 
• Gr (2�1) 41TZ( a) F(MHz) 



The power recei ved ( P r ) can al so be formu l ated i n  te rms of the emi ssi on 
E IR P  and path l oss ( Lp ) .  In  free space , the rel ati on Lp = ( 4n0/ .>.. ) 2 al so 
i nt roduces the emi ssi on frequ ency ( F )  and propagat i on di stance ( 0 )  exp l i c i t l y  
i nto the formu l at i on a s  fol l ows 

and 

X 2 
= E IR p ( W )  • Gr • ( 4 nD ) 

E IR P ( W )  • G r 
[ F ( MHz ) J2 

• [ D ( m ) J 2 

( genera l ) ( 2 -2 ) 

( f ree space ) ( 2_3 ) 

The power recei ved exp ressi on ( 2-1 ) can be equ ated to the exp ressi ons ( 2-
2 )  o r  ( 2-3 ) , · i n  o rder to obtai n the rel ati on between the recei ved fi eld 
st ren gth  and the transmi tted E IR P  as fo l l ows 

E ( V/m ) = /4nZ� �} 
300 

and 

137 7  E ( V /m )  = 

l4if 

• VE IRP(W) 
Lp 

0 IE IRP(W ) 
D ( m )  

• F ( MHz ) ( genera l ) ( 2�4 ) 

( f ree space )  ( 2-5) 

The formu l as ( 2 -4 ) and  ( 2 -5 )  can be used to devel op fi e l d st ren gth 
conversi on rel ati ons that accou nt for di stance changes. For examp l e ,  the 
fi e l d st rength ( E0 ) at a reference di stance  ( 00 ) f rom the emi tter i s  
spec i f i ed ,  and the f i e l d  st rength ( E )  at a p ropagat i on d i stance ( D ) f rom the 
emi tte r  i s  to be determi ned. The re l at i ons are deri ved from the fact that the 
p rodu ct E • ;r-rI i n  fo rmu l a  ( 2 -4 )  a nd the p roduct E • D i n  formu l a  ( 2 -5) mu st p 
rema i n i n var i ant as the  propagati on  di stance chan ges , si nce the emi ssi on E IRP  
i s  a constant . 



The fi el d st rength conversi on i s  s i mp l e  i n  free space , s i nce onl y the 
p ropagat i on di stance i s  i nvo l ved i n  a d i rect p roporti on. In t he general case , 
the fi el d st rength convers i on must hand l e  the di stance vari ati on throu gh the 
p ropagat i on 1 ass term , as happened wi th the power recei ved express i on. Any 
medi um i mpedance vari ati on wi th  p ropagati on di stance can al so  be accounted as 
fol l ows 

and 

E (V/m @ D�met ) = E0 ( V/m @ 00-met ) • ( 00/D ) 

E ( V/m @ D-met ) = E0( V/m @ D0-met ) � 

LP @ D0-met 
LP @ D-met 

( free space) ( 2-6 ) 

Z Q @ 0-met ) 
Z Q @ D -met 0 

( gener a l }  (2-7) 

These l ast two formulas can be u sed to express the power recei ved ( P r ) 
in terms of the field st rength ( E0 )  at the reference distance ( D0 ) o The 
resul ts a re obtained when formul as ( 2-6 ) and (2=7) are used in formul a ( 2-1 ) 
as fol lows 

P r ( W )  "' 

and 

P r ( W ) "" 

9 x 104 [ E0 ( V/m @ D0-met )l2 

4rr(377) F(MHz) 

9 x 104 

s ( D  /0) 2 
• G o r 

( free space) 

41T Z(Q@ 00-met ) 
[E0 ( v1m @ 00-met )r 

e 
F(MHz) G 

LP @ 00-met 
LP @ D=met 

( genera l )  

2-12  

( 2-8 )  

• G 

( 2-9 ) 

r 



The spat i a l  powe r den s i ty Pd ( W/m2 ) = E2 ( V/m ) 2/Z ( Q )  can al so be expres sed 
i n  terms of the fi e l d  st ren gth ( E0 ) at the reference di stance ( D0 ) us i ng 
formu l as ( 2 -6 ) and  ( 2 -7 ) as fol l ows 

and  

= 
[E0 ( V/m @ D0 -met ) J2 

• 

L
P 

@ 00 -met 
Z(Q@ D0 -met ) LP @ D-met 

( f ree space ) ( 2-10 )  

( general ) ( 2 - 1 1 )  

A s peci a l  case i n -between the f ree s pace and general cases occu rs when 
free-space propagat i on  i s  assumed for the reference di stance ( D0 ) ,  but not for 
t he rece i ver  di stance ( D ) .  The u se of Lp = ( 41T00/ A ) 2 at D0 -meters i n  formu l as 
( 2-7 ) ,  ( 2 -9 ) and ( 2 -1 1 )  yi e l ds the fo l l owi n g  resu l t s for thi s speci a l  case. 

and 

and  

E ( V/m @ D-met ) 41T = 
300 

• 
[E0 ( V /m@ 00 -met] • [D0 (m ) ] 

/LP @ D-met/F ( MHz) 
Z ( Q@ D-met ) 

377  

41T  = 377 

( s peci a l  case )  ( 2�12 )  

[E0 ( V/m @ D0 -metJ 2 • [D0 ( m ) ] 2 
e 

[LP @ 0-met] • Gr 

{ speci a l  case )  ( 2-1 3 )  

2 [E0 ( V/m)  @ D0-met]2 
• 

[O ( m ) ]2 
Pd (W/m2 ) = ( 41f ) l 

----, -� --,-- ---
0
-- • [F ( MHz ) J2 

9 x 1 04 • 37 7 • LP @ D-met 

( specia l case ) ( 2 - 14 )  

2 - 1 3  



·These spec i a l  case formu l as have been i mp l emented i n  the ana l ys i s model 
when the I PS  p ropagat i on opt i on i s  se l ected. A constant medi um 
i mpedance Z = 377 Q i s  used for si mp l i c i ty ,  i n  wh i ch case the l ast factor  i n  
formu l a  ( 2 -1 2 )  reduces to uni ty , wh i l e  fo rmu l as ( 2-1 3 )  and ( 2-14 )  rema i n as 
shown.  

SEAM USER MANUAL 

The Si ngl e=Emi tter Ana l ys i s Model  ( SEAM )  pe rforms l i nk cal cu l at i ons to 
esti mate recei ved emi s s i on l evel s or  p ropagat i on di stance requ i rements for a 
gi ven emi tter st rength  speci fi cat i on .  The u ser  ha s the opt i on to spec i fy the 
emi tter st rength as an emi s s i on power l evel , or  as a fi e l d  strength va l ue at a 
reference di stancec 

The p ro gram suppo rt s  user-i nteract i ve comput at i ons and automated uni t 
convers i ons i n  direct and i nverse modes. The d i rect mode esti mates rece i ved 
emi s s i on l evel s at a p ropagat i on di stance speci f i ed by the user. The i nverse 
mode esti mates the p ropagat i on di  stance requ i red to meet a recei ved 1 evel  
th resho l d  spec i fi ed  by the u ser9 u p  to a 500 km di stance l i mi t. 

The u ser  se l ects between f ree space or the Integrated P ropagati on System 
( I P S )  model  for the path l oss  versus  di stance convers i ons . If the IPS  
p ropagat i on model i s  se l ected , the p rogram wi l l  requ i re the u ser to i nput t he 
propagat i on model parameters. On-sc reen hel p i s  p rov i ded to he l p  the user  
se l ect pa rameter va l ues  accordi ng to  the envi ronment. 

Hardware Requirements 

The SEAM program has been des i gned to run on any PC wi th  100% IBM PC 
compat i b i l i ty .  The p ro gram requ i res a PC moni tor  ( ei ther  col o r  o r  
monoch rome ) ,  and a 5�1/416 f l oppy dri ve  uni t { the  medi a u sed  to  t ransfer the 
software ) .  Stor i ng the p rogram fi l es on a hard d i sk wi 1 1  vast l y  i mp rove t he 
p rogram's execut i on speed . App roxi matel y 1 52 K bytes of di sk space i s  needed 
to store a l l associ ated p rogram f i l es .  A l i ne p ri nt er i s  not neces s a ry. 
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Software Requirements 

MS or PC DOS operat i ng system vers i on 2 . 0  or h i gher i s  requ i red. In 
order for t he screen di s p l ay to work p roperl y ,  the u ser PC mu st contai n a fi l e  
named CONF I G . SYS  i n  the root di rectory cont ai ni ng the fo l l owi ng entry . 

DEV ICE = ANS I . SYS 

If fi l e  ANS I . S YS does not res i de i n  the root di rectory of the di sk dri ve used 
for boot-u p , p recede the name wi th  the p roper pat h-speci f i er ( di s k  dri ve , 
co l on ,  backs l as h , p l u s  d i recto ry name and second backs l as h , i f  app l i cab l e ) . 

The fol l owi ng three fi l es mu st res i de on the  di sk to run the SEAM 
p rogram. These  fi l es requ i re app roxi mate l y  152 K bytes of di sk space . 

Input 

SEAM.EXE - the p rogram executab l e  fi l e  
SEAM�Nl.PNL - a PANEL i nput fi l e  used by SEAM 
SEAMPN2.PNL - a PANEL i nput f i l e  u sed by SEAM 

The i nput for the SEAM p rogram :i s requested on the moni tor by an 
i nteract i ve  i nput  rout i ne. The u ser f i rst· se l ects f rom the computat i on 
opt i ons , and i s  then p rompted for i nput pa ramete rs and uni ts  accordi ng to the 
opti ons chosen.  The h i gh l i ghted area at the bottom of each screen te l l s  the 
u ser  what to do next. The box j ust above the h i gh l i ghted l i ne gi ves the u ser  
a l l o f  the  poss i b l e  act i ons at a g i ven t i me .  Thi s i ncl u des abort i ng the 
program at any t i me .  
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The fol l ow i n g  -opt i ons  are avai l ab l e for u ser se l ect i on: 

• computat i on mode - di rect or i nverse

• propa gat i on opti on - free space or I PS  propagati on model

• emi tter strength opt i on f i e l d strength or emi s s i on power l evel

• rece i ver antenna opt i on  - gai n or di ameter

• power u n i ts  = watts,  mi 11 i watts,  nanowatts � dBm, or dBW

• power l evel  - E IRP ( i ncl u des antenna  gai n ) or transmi tter
(excl u des  antenna gai n ) 

• fi e l d  strength  u n i t s  - mi crovo l t s /meter or mi l l i vol t s /meter

• recei ver thresho l d - rece i ved power , spat i a l  power den sity� or fi e l d
strengt h  

The u ser mu st a l so i nput t h e  fo l l owi n g  parameters i f  t h e  IPS mode l i s
se l ected. 

• transmi tter antenna he i ght - u ni t s  m

• rece i ver antenna hei ght - u n i ts m

• grou nd con du ct i v i ty = u n i ts  mho/m, ran ge 00001 to 5.0

• ground  di electri c constant - no un i ts� range 1.01 to 81.00

• atmospheri c refract i v i ty - no un i ts,  ran ge 200.00 to 450.00

• transmi tter pol ari zat i on = V for vert i cal or H for hori zonta l  

Cl.it put 

The outpu t  provi ded by SEAM depends on whether the program was ru n i n  the 
di rect or i nverse mode� In both modes, the pro gram cal cu l ates the propagat i on 
l os s0 In the di rect mode, the rece i ved fi e l d strength, the recei ved power. 
and the rece i ved spat i al power dens i ty are a 1 so  ca l cu l atedo In the i n verse 
mode, the propagat i on di stance i s  ca l cu l ated from the propagat i on l oss. 
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The output i s  di s p  1 ayed on the user ' s  screen . If a ha rd copy of the 
output i s  needed , the u ser can u se the sh i ft p ri nt screen to generate a hard 
copy of the resu l ts. 

Error condi ti ons 

The SEAM program requ i res that the fi l es SEAMPNl.PNL and SEAMPN2 . PNL be 
i n  the di rectory from whi ch the p rogram i s  bei ng  ru n. If  one of the fi 1 es i s  
mi s s i n g , the program wi l l  pr i nt the fo l l owi ng  error message and stop . 

Program cannot p roceed wi t hout l oadi n g  the fol l owi ng  fi l e: 
SEAMPNl.PNL 
Stop - Program termi nated. 

The mi s s i ng  fi l e  or  fi l es shou l d  be l oaded i nto the di rectory before the 
p rogram i s  run a ga i n .  

Flow Charts 

The f l ow chart i n  F i gu re 2-2  shows the re l at i onshi ps  between the program 
p i eces . The f l ow chart i n  F i gu re 2 -3 g i ves a l og i c f l ow for the mode l . 

SEAM SAMPLE R UNS 

Fou r  examp l es are next provi ded to show how thi s program may be used . A 
br i ef  descri pt i on of each exampl e i s  gi ven here . 

Examp 1 e 1 - The program i s  run i n  the di rect mode us i ng the IPS propagat i on 
mode l . The emi tter strength i s  se l ected as a fi e l d st rength at 
reference di stance. The recei ver antenna gai n opt i on i s  
se l ected . The u n i ts for the fi e l d st rength  parameter are 
mi c rovol ts/meter . 
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Figure 2-2 . SEAM program flow chart. 

IEODO 
Calculation 

routine 

SEAM2 
Output 

routine 



N I 
...... � 

START Initialize 1 =::N 
Constants 

, 
Calculate 

di stance 

I EI RP 
does calculatitns 
using EIRP as 
inout 

Ca 
subroutines to 

1 :":;)lcalcuhte prophgatfon 
loss using dislance 

Change 

distance 

Figure 2-3. SEAM logic fl ow chart. 

( 

yes 

Input data 
using 

PANEL progra 

Display 
results 

on screen 

alcuJate 
frees pace 
propagation 
loss 

OEOOO 
does calculat1ons 
using field 
strength as f �put 

OE I RP . 
does calculations 
using EIRP as 
input 



Examp l e  2 - The program i s  ru n i n  the i n verse mode us i n g the IPS p ropagati on  
model . Th i s examp l e  i s  the i nverse of examp l e  1 and  it  sel ects 
the recei ved power for the thresho l d  speci fi cati on . 

Examp l e 3 - The p rogram i s  run i n  the di rect mode u s i ng  the IPS p ropagat i on 
model . The emi tter st rength i s  se l ected as an emi s s i on power 
l evel , speci f i ed as an E IRP  va l ue. The rece i ver antenna di ameter 
opt i on i s  se l ected and the program ca l cu l ates the recei ver antenna 
gai n from .thi s val ue. 

Examp l e 4 - The  program i s  ru n i n  the  i n verse mode us i n g  the  IPS propagat i on 
mode 1 .  Thi s examp 1 e i s  the i nverse of examp 1 e 3 and i t  se 1 ects 
the recei ved power for the th reshol d  spec i fi cati on . 
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Exaq> l e  1 

Direct Computati on Mode 

w i th 

Emi tter Fi eld Strength Input 
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SINGLB-Elil:TTER ANALYSIS MODEL 

SEAM is a ainql��ittAr. pr�"'.'� ��t auppoxt• user-interactive C0111putations 
and automated unit conversions in direct and inverse modes. The user has the 
option to spec!� th• .. itter atrenqth .. an eaiaaion power level, or as a field 
strenqth value at a reference di•tance selected by the user. 

The direct mode estimates received -i•sion-' levels (power, spatial power 
density, field strenqth) at a propagation di•tance specified by the user. The 
inverse mode estiJDates the propaqation distance required to meet a received 
level threshold specified by th• uaer, up to a 500 Jc:a distance lilllit. 

The user selects between free apac:.i !ol:lllulaa or the IPS propaqation model 
for the path loss versus distance conversion. on-screen help is provided !or 
the propaqation model paraaeters. 

All unit conversions are performed automatically. Th• output data display is 
presented in both dB and non-dB units, uainq •cientific notation for the latter. 

Reference: Sinqle-Emitter Analysis Model 
Cesar A. Filippi, February 1988 

I FlO • Next screen J Eac • Stop 

Presa FlO to continue 

SINGLB-BMI'l'TER ANALYSIS MODEL 

The pr09r&J11 can use a direct or an inverse computation mode. Presa the space 
bar to choose a computation mode. 

computation mode • direct 

The proqraa can u�e·oit.har f'.'C"�• Spc.ce propaqation or the IPS propagation model. 
Presa the space bar to choose the propaqation option. 

propaqation option • .IPS propagation model 

The emitter strength can be specified as an elll!asion power level or a field 
strength at a reference distance. Pr••• the apace bar to choose the emitter 
strength option. 

emitter strenqth option • field strenqth 

The proqram requires either the receiver ·ai.1tenna qain or diameter as input. 
Press the space bar to choose the receiver antenna option. 

receiver antenna option • gain 

F9 • Previous screen 
FlO • �ext screen 

Make choices then press FlO to continue 

Esc • Stop 
Return • select next input field 

SINGLB-Elil:T'l'ER ANALYSIS MODEL 

The field •trenqth unit• can be waicrovolta per .. ter or waillivolts per meter. 
Press the •pace bar to choo•e the field strength units. 

field strength units • microvolts/meter 

F9 • Previous screen 
FlO • Next scree.� · 

Make choices then press F10 to continue 

Esc • Stop 
Return • select next input field 
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SINGLE-EMITTER ANALYSIS MODEL 

Integrated Propagation system Input·screen 
--------------- --···--·--... ·-·"'!'�·--··-·---- ;: ... -----
Site Parametera: 

·rransmitter antenna height • 

Receiver antenna height • 

Ground and At.Jlosphere Conatants: 
Ground conductivity (0.0001-5.0 Jllho/m) •· 

Ground dielectric constant (l.Ol-81.00) • 

Atmospheric retrac�ivity (200.00-450.00) 
Transmitter polarization (V or H) • 

5.00 m 
15.00 m 

0.0050 Jllho/m 
15.00 

301.00 
v 

Suggested 
Valuea 

tor 
Electrical 

Ground 
Constants 

Average ground 
Poor ground 
Good ground 
Fresh water 
Sea water 

Conductivity 
0.005 
0.001 
0.020 
0.010 
5.000 

(Jllho/m) Dielectric Constant 
15.0 

Esc • Stop 

4.0 
25.0 
81.0 
81.0 

I F9 • Previous screen
FlO • Next screen Return • select next input field 

Enter all input data then press FlO to continue 

SINGLE-EMITTER ANALYSIS MODEL 

INPUT DATA - Direct Mode 

Frequency • 

Emitter field strength • 

reference distance • 

Propagation distance • 

Receiver antenna gain • 

Fl • Run program
F2 • Exit program 

200.000 MHZ 

500.0 u'l/m 

30.0 m 

10.00 )cm 

25.0 dBi 

Esc • Stop 
F9 ··Previous acreen Return • select next input field

Enter all ·input data then oress Fl to oertorm calculation. 

SINGLE-EMITTER ANALYSIS MODEL 
.,. 

OUTPUT - Direct Mode 

Propagation Loss • 122.3 dB 

Field Strength • 9 . 55674E-02 uV/m -20.4 dBuV/m 

Received P.'l'l'"'t' • 1. �75SJ �-12 mW -118.6 dBm 

Spat.ial Power Density • 2.45821E-l4 mW/111••2 -136.1 dBm/m••2 

Press ENTER to continue 
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Exaq> l e  2 

Inverse Computati on Mode 

w ith 

Emi tter Fi el d Strength and 

Recei ved Power Threshol d Inputs 

2-24 



smau:-:l!:HIT.rD ANALYSIS MODEL 
SZAK ia a •inql..-.aitter prograa that •upporta· uaer-interactive computation•

and automated unit converai0ft8 in cU.r.ct and inv•ra• a.od-. 'rh• u•er ha.s th• 
option to •pecj.�.tbe -itter atrenqth .. an -1 .. ion power level., or a• a tield
atrenqtb value at a :ratarenca cUatance selected by th• uaer. · 

The d.1rec:t w.x!e .. t.1:1\taa :i:ecaiv4d ...U.aion level• (power, •patial power
denaity, field �) at a propaqa::ion datanca specified by th• ua•r. ':h• 
iDverae JIOd• ..n:il::a1: .. tbe propaqation datanca required to ... t a received
level. tbrallhold •pecj.tied by th• user, up to.a 500 lea diatanc• lhait.

'l'h• uaer ••l•ct8 between t?:•• apace fonaulna or th• IPS propaqation aodel 
tor th• path l.a.a verswa diatanc:• conversion. ·on-acr•en help i• provided tor
the propaqatian JIOdel pm:aaetera. · 

lll unit conver11i0ft8 are pertoz:"Jled autcmatically. ':h• output data diaplay ia
presented in both dB and non-d.B units, �U,q acientitic notation for the latter. 

Reterence: Sinql.-Eaitter Anal.y•i• Hodel. 
C.aar A. Fil.ippi, Fel:lrwuy 1988 

I no • Haxt 8CZ'eeD he • Stop

Pr ... no to.continue 

SllfGt.J:-atIUD ANALYSIS HODEL 
'rb• proq:ma can use a d1rec:t or an inverse computation JIOde. Pres• th• •pace 
bar to cboo•• a c:oaputation JIOde. · 

COllp&&tation mode • inverse 

'rbe proq:ma can use eitber tree apace propaqation or th• IPS propaqation aodel. 
Pr-• th• apace 1'ar to c:noo- the propac;ation option.

propaqation option • IPS propaqation JIOd•l

Th• eaitter •trancr"..h � be lipcC:Ui� :aa an ,Riaaion power level or a field 
atrenqth at a retarenca distance. Praaa the space bar to choose th• -itter
strenqth option. ······ · · 

-1.tter •t:enqth option • field •trenqth 

'rh• proqraa requir .. eitber the nc:eivu- antenn•··qain or diaaeter .. input.
Pr .. • th• space bar to choo•• th• rac:eiver antenna option. 

receiver antenna ootion • Qain 

n - Previous •c:reen r;o • Hext acreen
Zsc • Stop 

.Return • ••lect next input field

Slli'GLZ-Ed:Irt:tk ABALY�IS HODEL 
'1'h• field strength uni.ta can be aicrovolta per -tar or aill.ivolta per .. t•r.
Prua th• apace bar to chooe• the tiel.d atrenqth units. 

field •trancJth units • aicrovol.ta/••tsr 

Th• inverae mod• can uae on• ot three threabold parameters to c:al.C&ll.ate th•
propa9ation cUatanc:e. Pru• the apace bar to c:hooa• this threabold. 

thresbold • reeeived power 

l n • Previoua � 
no • irexc .c:een 

ZllC • Stop
lt.etmn • select next input field 
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SINGLE-EMI'l"l'ER ANALYSIS MODEL 

Inteqrated Propaqation syatea Input screen 
----------------�------------�------------

Site Parameters: 
Transmitter antenna height • 

Receiver antenna height • 
Ground and Atmosphei:e Co11al:.ar.f..;ii: , 

Ground conductivity (0. 0001-5.0 mho/m) • 
Ground dielectric constant (l. Ol-81.00) 

Atmospheric refractivity (200.00-450.00) • 
Transmitter polarization (V or H) • 

5.00 JI 
15.00 JI 

0. 0050 Jlho/m 
15.00 

301. 00 
v 

Suggested 
Values 

tor 
Electrical 

Ground 
Constants 

Average ground 
Poor ground 
Good ground 
Fresh water 
Sea water 

Conductivity 
0.005 
0.001 
0.020 
0.010 
5.000 

(mho/11) Dielectric Constant 
15.0 

Esc • Stop 

4.0 
25.0 
81.0 
81.0 

F9 • Previous screen 
FlO • Next screen Return • select next input field 

Enter all input da�a then press FlO to continue 

SINGLE-EMI'l"l'ER ANALYSIS MODEL 

INPUT DATA - Inverse Mode 

Frequency -

Emitter field strength • 

reference distance • 

Received pow<!r threshold • 

Receiver antenna gain • 

Fl • Run program 
F2 Exit program 
F9 • Previous screen 

200.000 MHZ 

500.0 UV/111 

30.0 JI 

-118. 6 dBm 

25.0 dBi 

Esc • Stop 
Return • aelect next input f ielq 

Enter all input data then preaa Fl to perform calculation. 

OUTPUT - Inverse Mode 

Propagation Loss • 

Propagation Distance • 

Press ENTER to continue 

SINGLE-EMI'l"l'ER ANALYSIS MODEL 

122.3 dB 

10.000 km 
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Example 3 

Di rect Computati on Mode 

wi th 

Emi tter E IR P  Input 
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SIHGLE-EMJ:'l"l'ER ANALYSIS MODEL 

SEAM is a ainqle-emitter proqram that supports user-interactive computations 
and automated unit conversions in direct and inverse mod.as. The user has the 
option to specify th• eaitter atrenqth as an emission power level, or a• a tield 
strenqth value at a reference distance &elected by the user. 

The direct mod.a aat!Jlates racaivftd emission levels (power, spatial power 
density, :field atrenqth) at a propaqation distance specified by the user. The 
inverae mode eatima�� th� pr���qa�ion distance required to meet a received 
level threahold apecitied by the uaer, up to a 500 Jaa distance limit. 

The user selects between tree space formulas or the IPS propagation model 
tor the path loss versus distance conversion. on-screen help is provided for 
the propagation mod.el parameters. 

All unit conversion• are pertormed automatically. The output data display is 
presented in both dB and non-dB units, uainq scientific notation tor the latter. 

Reference: Single-Ellitter Analysis Hod.el 
Cesar A. Filippi, February 1988 

\ FlO • Next screen Esc • Stop 

Press FlO to continue 

SIHGLE-EHrl'TER ANALYSIS MODEL 

The proqr&Jll can use a direct or an inverse computation mode. Press the space 
bar to choose a computation aode. 

coaputation aode • direct 

The program can uae either tree space propagation or the IPS propaqation model. 
Presa the space bar to choose the propaqation option. 

propagation option ··IPS propagation model 

The emitter atranqth can be apecitied as an emission power level or a field 
strength at a reta�'iiJ'lce disuan�•· ?r.ess th�.=�ace bar to choose the emitter 
strenqth option. · · 

ra.:1itter atrenqth option • emission power level 

The progr&lll requires either th• receiver antenna gain or diameter as input. 
Press the apace bar to choose the receiver anteru'.a. option. 

receiver antenna option • diameter 

F9 • Previous screen 
Flo • Next screen 

Make choices then pre•• F10 to continue 

Esc • Stop 
Return • select next input field 

S:INGLE-EMITTER ANALYSIS MODEL 

The power units can be watts, ailliwatta, nanowatta, dBW or dBa. Press the;. 
space bar to choose the power units. 

power units • dBm 

The user can speci�y the transaitter power and antenna gain separately, or 
combined into an EIRP value. Press space bar to choose this option. 

power level • EIRP (includes antenna gain) 

F9 • Previous screen 
1'10 • Hext acrBi"n 

Kake choices then pre:&• F1C to continue 

Eac • Stop 
Return • select next input field 
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SINGLE-EMITTER ANALYSIS MODEL 

Inte9rated Propa9ation System Input Screen 
------------------------------------------

Site Parameters: 
Transmitter antenna height 

Receiver antenna height • 
Ground and Atmosphere Constants: 

Ground conductivity ( 0 . 0001-s . o  m.ho/m) • 
Ground diell!ct:.ric constant ( l . Ol-8 1 . 00 )  

Atmospheric retractivH .y \ 2 0 0 .  O(t- 4 50 . IJ O }  • 
Trans�itter polarization (V or H) 

5 . 00 Ill 
15 . 00 Ill 

0 . 0050 m.ho/m 
15 . 00 

3 01 . 00 
v 

Su99ested 
Values 

tor 
Electrical 

Ground 
Constant• : 

Averaqe 9round 
Poor ground 
Good 9round 
Fresh water 
Sea water 

Conductivity . (m.ho/m) 
0 . 005 

Dielectric constant 
15 . 0  

0 . 001 
0 . 020 
0 . 010 
'5 . 000 

4 . 0  
25 . 0  
8 1 . 0  
8 1 . 0  

F9 • Previous screen 
F10 • Next screen 

Esc • st.op 
Return • select next input field 

Enter all input data then press FlO to continue 

SINGLE-EMITTER ANALYSIS MODEL 

INPUT DATA - Direct Mode 

Frequency • 

Emitter EIRP 

Propa9ation distance • 

Receiver antenna diameter 

Fl � Run program 
F2 • Exit program 

1700 , 000 MHZ 

-13 . 0  dBm 

50 . 00 km 

3 . o  Ill 

Esc • Stop 
F9 • Previous screen Return • select next input !ield 

Enter all input data then press Fl to perto� calculation. 

SINGLE-EMITTER ANALYSIS MODEL 

OUTPUT - Direct Mode 

Propagation Loss • 178 . 0  dB 

Field Strength • 3 . 4 77 9 1E-03 uV/m 

Received Power • l . 2 4 99 1E-16 mW 

Spatial Power Density • 3 . 2 5565E-17 mW/m**2 

Press ENTER to cont1nue 
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ExaRJ,> l e  4 

Inverse CoRJ,>utati on Mode 

wi th 

Emi tter E IR P  and 

Recei ved Power Threshol d Inputs 
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S:INGLE-EKIT'l'ER ANALYSIS MODEL 

SEAM ia a ainqle-.. itter proqraa that •upporta uaer-interactiv• computAtiona 
and automated unit converaiona in direct and inverse modes . The user has the 
option to apecity th• -itter atrenqth aa an emission power level , or aa a tield 
strength value at a reference diatance ••l•ct•d by the user. 

'l'he direct •od• eatillat.. received -isaion levels (power, spatial power 
density , field strenqth) at a propaqation distance specified by th• user. The 
inverse mode eatillatea th• propagation distance required to meet a received 
level threshold apecitied. by the uaer, up to a 500 klll distance limit. 

Th• user ••l•cta between tr•• apace formula• or th• IPS propagation model 
tor the path lo•• veraua distance conversion. on-screen help ia provided tor 
the propagation •od•l parameters . 

All unit conv•Jt&iona are �formed autoiaatically. Th• output data display is 
presented. in both cfS and non-de unita , _uaing scientific notation tor the latter. 

Reference: Single-Emitter Analysis Model 
Cesar A. Filippi, February 1988 

I FlO • Next acreen Eac • Stop 

Presa FlO to continue 

SIHGLE-ElU1'l'Ek ANALYSIS MODEL 
Th• program can Wla a direc:t. or an inverse co111putati0n JIOde. Preas the apace 
bar to choose a computation llOda. 

co111pUtation JIOde • inverse 

Th• progr&JI can use either tree apace propagation or the IPS propagation model . 
Preas the apace bar to choose the propaqation option. 

propaqation option • IPS propaqation •odel 

Th• emitter atrenqth can b• specified. aa an -i•sion power level or a field 
strength at a reterence distance. Pr••• the apace bar to choose the emitter 
strength option. 

..itter strength option • eaiaaion power level 

Th• prograa requir- either the receiver antenna gain or di .. etar aa input . 
Presa the apace bar to choose the receiver antenna option. 

receiver ant'!nna option • dimaater 

F9 • Previous screen 
FlO • Next screen 

Esc • Stop 
' Return • select next input field 

Make choices then pr••• FlO to continue 

SINGLB-EKI'l"'l'F.R -""'fALYSIS MODEL 
The power units can be watts, •illiwatts , nanowatts , dBW or dBlll.. Press the 
apace bar to choose the power unita. 

power units • dBlll. 

The user can apecity the trana.itter power and antenna qain separately, or 
combined. into an EIRP value. Pr-• apace bar to chooaa this option. 

power level • EinP ( includes antenna gain) 

Th• inverse mode can Wle one of three threshold parameters to calculate the 
propaqation distance. Pr-• the space bar to choose this threshold. . 

thruhold received power 

l'9 • Previous screen ZAIC • Stop 
1'10 • Hext screen Return - -lect n.xt input f iald 

Kake choices then press FlO to continua 
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SINGLE-EMITTER ANALYSIS MODEL 

Integrated Propagation Sy•tem Input Screen 

Site Parameter•: 
Transmitter antenn4 height • 

Receiver antenna height • 
Ground and Atmosphere Constants: 

Ground conductivity ( 0 . 0001-5 . 0  mho/m) • 
Ground dielectric constant ( l . Ol-8 1 . 00 )  • 

Atmospheric refractivity ( 2 00 . 00-4 50 . 00 )  • 
Transmitter polarization (V or H) • 

5 . 00 m 
15 . 00 JR 

0 . 0050 mho/m 
15 . 00 

3 0 1 . 00 
v 

Suggested 
Values 

for 
Electrical 

Ground 
Constants 

.l.ver..a9111 qround 
Poor ground 
.aood ground 
Fresh water 
Sea water 

Conductivity 
o . oos 
0 . 001 
0 . 020 
0 . 010 
5 . 000 

(mho/m) Dielectric Constant 
15 . 0  

Esc • stop 

4 . 0  
2 5 . 0  
8 1 . 0  
8 1 . 0  

F 9  • Previous screen 
Flo • Next screen Return • •elect next input field 

Enter all input data. then press FlO to continue 

SINGLE-EMITTER ANALYSIS MODEL 

INPUT DATA - Inverse Mode 

Frequency • 

Emitter EIRP 

Received power threshold • 

Receiver antenna diameter • 

Fl - Run program 
F2 • Exit program 
F9 • Previous screen 

1700 . 000 MHZ 

-13 . 0  dBlll 

-159 . 0 dBlll 
. 

3 . 0  • 

Esc • Stop 
Return • select next input field 

Enter all input data then press F1 to perform, calculation. 

OUTPUT - Inverse Mode 

Propagation Loss • 

Propagation Distance • 

Press ENTER to continue 

SINGLE-EMITTER ANALYSIS MODEL 

178 . 0  dB 

4 9 . 98 2  km 
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R INGS TECHNICAL MANUAL 

SECT ION 3 

AGGREGATE EM ITTER ANALYS IS MODEL 
FOR TERR ESTR IAL RECE IVER S  

The pu rpose of thi s sect i on  i s  t o  descri be the ana lys i s program and 
computat i on opt i ons of the aggregate emi tter ana lys i s model for terrestri a l  
recei vers . Mu l t i p l e  emi tters wi th the same emi s s i on frequency and emi ss i on 
l evel are di stri buted on equ a l l y -spaced , concentri c ,  ci rcu l ar ri ngs 
su rrou ndi n g  a terrestr i a l  stat i on .  The model computes the power-sum 
aggregat i on i nto the stat i on rece i ver for a gi ven beamwi dth coverage by the 
recei v i n g  antenna . 

The emi tters are di stri buted i n  an annu l ar regi on  speci fi ed by the user 
v i a the mi n i mum ( i nner ri n g ) and maxi mum ( outer ri ng ) radi u s . The u ser al so
spec i f i es the emi tter su rface dens i ty or total  number of emi tters i n  the 
regi on . The model automat i ca l l y  · ass i gns .the number of ri ngs ,  ri ng separat i on ,
and number  of emi tters per ri n g , for a symmetri c di stri but i on .  

The emi s s i on l evel  per emi tter can be spec i f i ed i n  terms of radi ated 
power or fi e l d st rength un i ts , and the path l oss  cal cu l ati ons can be based on 
free space formu l as or a p ropagat i on model subrout i ne . The recei vi ng antenna 
can be speci fi ed i n  terms of a gai n ,  di ameter , or beamwi dth un i ts . 

A computer p rogram ca  1 1  ed R INGS has been deve 1 oped at NT IA for the 
aggregate recei ved power computat i on . The program i s  menu -dri ven wi th user 
sel ect i on of the emi tter di stri but i on , emi s s i on l evel , and p ropagati on model , 
as desc ri bed be l ow .  

A sector of the an nu l a r regi on  becomes spec i fi ed by the user sel ecti on of 
an i nner  radi u s , outer radi u s , and sector ang l e ,  as s hown i n  F i gu re 3-1 . The 
sector  ang l e  i s  speci fi ed di rect l y  as the recei v i n g  antenna beamwi dth , or 
computed f rom an antenna ga i n  or  di ameter s peci fi cati on . A parabol i c  antenna 
wi th 55% effi c i ency i s  assumed for the parameter conversi ons . 
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e � sector  an g l e  ( recei v i n g  antenna bearrwi dth , user  i nput or computed 
from ga i n  or di ameter i nputted ) 

K = emi tter su rface dens i ty ( user i nput or computed from total number of 
emi tters i nputted ) . 

T = number of emi tters i n  the annu l u s ( u ser i nput or computed from emi tter 
su rface densi ty i nputted ) 

N = number of emi tters i n  the sector ( automat i ca l l y  computed from i nput 
pa rameters ) 

l:J. = ri ng  separat i on ( automat i ca l ly  computed from i nput parameters ) 

M = number of ri n gs ( automat i cal l y  computed from i nput parameters ) 

Nj = number of emi tters i n  j -th ri ng ( automati cal l y  computed from i nput 
parameters ) 

F i gu re 3-1 . R I NGS emi tter di stri but i on geometry and parameters . 
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The number of emi tters i n  the sector i s  computed from the emi tter dens i ty 
o r  total number  spec i f i ed ,  al on g w i th the sector angl e .  The number of  
emi tters as s i gned to each ri ng  i s  p roport i onal  to t he  ri n g  radi us . The number 
of ri ngs  and ri ng  separat i on a re automat i cal l y  set f rom the i n put data to 
p rov i de symmet ry i n  the emi tter  di s t ri but i on ,  so as to not favor thei r angul a r  
s eparat i on w i th i n  a r i ng  or  the i r rad i al sepa rat i on between r i n gs at the 
expense  of each othe r .  A deta i l ed des cr i pt i on of  the emi tter d i stri b ut i on 
l og i c a nd formu l as i s  g i ven i n  the next sect i on . 

The emi s s i on l evel per emi tter i s  speci f i ed by the user f rom the 
fol l ow i ng  two opt i ons . 

• Equi val ent I sot rop i cal l y  Rad i ated Power ( E I RP )  
• F i el d  Strength at Reference D i stance 

The other  i np ut pa rameters a re the emi s s i on f requency , and the rece1 v 1 n g  
a ntenna g a i n  or  d i ameter when the beamw i dth i s  not spec i fi ed . I f  the ga i n  i s  
speci f i ed ,  the beamwi dth i s  computed ( and vi ce ve rs a ) . I f  the d i ameter i s  
speci f i ed ,  both the ga i n  and beamw i dth a re computed . A summary of the i nput 
parameters and un i t s  is  shown i n  TABLE 3- 1 .  

TABLE 3-1 

R I NGS INPUT DATA SUMMARY 

PARAMETER 

I n ner  Radi u s  
Outer Rad i us 
Emi tter  Dens i ty 
Number of  Em i tters 
Emi s s i on Frequency 
E I RP 
Fi el d Strength 
Reference D i stance 
Antenna Beamwi dth 
Antenna Gai n 
Antenna D i ameter 
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km 
km 
number/acre 
i nteger 
megahertz  
dBm 
mi crovol t s/meter 
meters  
degrees 
dB i 
meters 



The user al so se l ects between free space formu l as and a propagat i on model 
su brout i ne for the path l oss  cal cu l ati ons . If the p ropagat i on model i s  
sel ected , the user  speci fi es a set of p ropagat i on parameters ( e . g . , 
transmi t/ recei ve antenna hei ghts , terra i n  characteri sti c s )  wi th the a i d  of a 
he l p  screen that p resents vari ous rep resentati ve va l ues . 

The p rogram then computes the power-sum aggregati on of the emi tter 
di stri buti on  i nto the stat i on recei ver ( antenna  output termi na l s ) .  The 
p rogram a l so computes the equ i va l ent number of emi tters l ocated i n  the i nner 
ri n g  that wou l d produce the same power-sum i nto the recei ver as that obta i ned 
from the emi tter di stri but i on i n  the sector .  

It  can  happen that the  sector geometry and  emi tter d i st r i but i on  
parameters speci fi ed by the u ser cou l d  res u l t  i n  no  emi tters ass i gned to the 
fi rst ( i nner ) and  other l ower ri ngs . For  examp l e ,  a l arge outer/ i nner  radi u s  
rat i o  and a l ow emi tter dens i ty ( or smal l number of emi tters ) cou l d  a l l ocate 
a l l emi tters to the hi gher ri ngs , s i nce the number of emi tters per ri ng  i s  
p roport i onal  to the r i ng radi u s .  

I n  thi s case , the program f l ags such occu rrence on the screen , to permi t 
a change of the i nput parameters by the user  i f  so des i red. If the or i  gnal  
i nput data i s  k ept , the p rogram p roceeds wi th the aggregate powe r-sum 
computati on bypass i ng the empty ri ngs , and the output screen i nforms the user  
of  the  ri n g  rad i u s  representi n g the  cl osest emi tters based on the  i nput data 
p rov i ded. 

R INGS MODEL FORMULAT ION 

Thi s  secti on p resents a s i mp l e  mode l for the est i mat i on  of the power-sum 
aggregate i nterference from i denti cal  cochannel emi tters surrou ndi n g  a 
terrestri a l  stat i on . Al l emi tters are assumed to have the same emi s s i on  l evel  
and frequency , and the recei v i ng  antenna i s  speci fi ed i n  terms of an effect i ve 
beamwi dth , gai n or di ameter parameter . F ree space formu l as or a propagat i on 
model su brout i ne are opt i ons for the path l oss ca l cu l at i on s . 

An annu l ar regi on  i s  speci fi ed  by the user  to i denti fy the su rface whe re 
the emi tters are di stri buted , a l ong  wi th an emi tter su rface dens i ty or tot al  
number of emi tters su rround i n g  the stat i on . The recei v i n g  antenna beamwi dth 
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fu rther rest ri ct s the annu l u s to a sector of emi s s i ons recei ved . The emi tters 
are automati ca l l y  di stri buted on concentri c ri n gs spann i ng the sector ,  wi th 
the number of emi tters per ri n g  bei n g  proport i onal  to the ri n g  radi u s . 

Elli ss i on Leve 1 

The user  has the opt i on  of speci fyi n g  the emi s s i on l evel as ei ther the 
equ i va l ent i sotrop i ca l l y  radi ated power ( E IR P )  or the f i e l d strength ( E0 ) at a 
reference di stance (D0 ) al so sel ected by the user . 

The convers i on between these two opt i ons i s  automat i cal ly  performed i n  
the p rogram , by assumi n g  free space propagati on to the reference di stance . 
The convers i on a l gori t hm i s  g i ven by 

E IR P ( W )  ( 3 -1 ) 

or  

E IR P ( dBW ) = - 14 .8  + 20 l og E0 (V/m )  + 20 l og D0 (m )  ( 3 -2 )  

The actu al un i ts p rompted for u ser i nput a re dBm for the E IRP and 
µV/m for the fi e l d strength . Al l i nput or  output un i t convers i ons are 

automat i cal l y  performed by the program . 

Emitter Di stri buti on 

The user  speci fi es the an nu 1 ar regi on  by se 1 ecti n g  the i nner and outer  
radi us  ( R1 , RM ) ,  and  the  emi tter popu l at i on by se l ecti ng ei ther thei r su rface 
den s i ty ( K )  or  tota l  number ( T )  i n  the annu l u s . These i nput parameters are 
rel ated v i a  T = K • n ( RM

2 - R 1
2 ) .  
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The annu l ar regi on  i s  restri cted to a sector by the antenna 
beamwi dth ( e )  of the recei v i ng  stati on . The beamwi dth may be speci f i ed 
di rect ly ,  or i ndi rect ly  v i a ' the antenna gai n ( Gr ) or di ameter ( Dr ) .  A 
parabol i c  antenna wi th effi c i ency ( n )  of 0 . 55 i s  assumed i n  the mode l . 

The actua l  number  ( N )  of emi tters i n  the sector  i s  computed from the 
i nput data to tri g ger the emi tter di stri buti on p roces s .  The formu l a  app l i ed 
depends on whether the user spec i fi es the emi tter dens i ty ( K )  or total  number 
( T ) , as fol l ows 

e i n  radi ans  ( 3 -3 ) 

The emi tters are di stri buted on M concentri c ri n gs , i nc l udi n g  those 
correspondi ng to the i nner and outer radi u s .  A u n i form ri ng  
spac i n g  6. = ( RM-R1 ) / ( M- 1 ) i s  prov i ded , so that the  ri n g  l ocati ons become set 
upon sel ect i on of the A or M parameter . The ri n g  l ocati ons are speci fi ed by 
the ri n g  rad i u s  gi ven by 

R ·  J = R 1 + ( j -1 ) 6.  , j = 1 to M 

. j = 1 to M 

( 3 -4a ) 

( 3 -4b ) 

The emi tter di stri but i on i s  based on hav ing  the number Nj of emi tters on 
each r i ng  to be p roport i onal  to the r i ng l en gth L . .  = R .  • e. Thi s  condi t i on 

J J 
yi el ds the fo l l owi n g  M-1 equ at i ons to be sat i sf i ed by the  emi tter 
di stri  bu ti on . 

j = 2 to M ( 3 - 5 )  
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The condi t i on �N . = N for j = 1 to M yi e l ds the addi ti ona l  equati on J 
needed to sol ve al l the Nj va ri ab l es from j = 1 to M .  The so l uti on yi el ds the 
fol l ow i ng  di stri but i on i n  terms of the sector p arameters ( N ,  R1 , RM ) ,  and the 
ri ng  separati on ( A) or number of ri ngs  ( M )  emp l oyed . 

N ·  J 
Rl + ( j -l ) A  

. -,----,,,---RM + Rl 

2 N  (M-l ) R1 + ( j -1 ) ( RM-Rl ) 
= M 

• 

(M-1 ) (RM+Rl ) 

j = 1 to M ( 3-6a ) 

j = 1 to M ( 3-6b ) 

The Nj emi tters per ri n g  can be consi dered to be un i forml y spaced over 
the r i n g  l ength Lj = Rj • e.  The emi tter sepa rati on on a ri ng 
i s  Sj = Rj • e/Nj ' and i s  a constant va l ue i ndependent of the ri n g  number ( j ) ,  
as a di rect consequence of the emi tter  di stri but i on based on equ ati on  ( 3-5 ) . 
Thi s  u n i form emitter separat i on on a r i n g  i s  a fu ncti on of the sector 
parameters ( N ,  R1 , RM ) ,  and the ri n g  separat i on ( A) or number  of ri ngs ( M )  
emp l oyed , a s  fo l l ows . 

S0 = Sj = 

e • M = 2N  • ( RM + Rl ) 

j = 1 to  M ( 3-7a ) 

j = 1 to M ( 3 -7b ) 

Hence , the emi tters are separated by the constant S0 of equ ati on ( 3-7 ) on 
any r i n g ,  and thei r separat i on has a l ower bound of A from ri ng to ri n g .  The 
separat i on  of a proxi mal pai r of emi tters l ocated on consecut i ve ri n gs i s  not 
constant , so that the l ower bou nd A must be u sed as a separat i on measu re from 
ri n g  to ri n g .  
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The constant emi tter sepa rat i on ( S0 ) on a ri n g  i s  di rect ly  proport i onal  
to M ,  and i nversely p roport i onal to t:i. for t:i. « RM - R1 • Hence , a sma l l er 
angu l ar separat i on on a ri n g  comes at the expense  of a l a rger radi a l  
separat i on ( ri ng separat i on ) ,  and v i ce vers a e  There i s  a comp romi se i n  the 
cho i ce of t:i. or  M, to avoi d excess i vely cl ose or far emi tters , ei ther on a ri n g  
or  from ri n g  to ri n g .  

A natu ral choi ce i s  to have the emi tter separat i on  i nverse l y  proport i onal  
to �' s i nce K i s  the emi tter su rface dens i ty ( one emi tter occup i es an area 
of l/K ) . The choi ce of t:i. = o/ f"K, whe re o i s  a proport i onal i ty constant , 

-1 /Ir" ( yi e l ds S0 = o / y  K , so that the angu l ar separati on  S0 ) i s  i n verse ly  
p roport i onal  to  o and  the  radi a l  separat i on  bound ( t:i.) i s  di rect l y  
p roport i onal  t o  o .  The va l u e  o=l yi el ds S0 = t:i. and equates the angu l a r 
separati on  to the radi a l  separat i on bound , whereas othe r  a-va l ues  produce a 
more asymmetri cal  compromi se i n  the emi tter di stri buti on . 

The va l ue  of K i s  s peci f i ed by the u ser , or  deri ved based on equ ati on 
( 3-3 )  when T i s  spec i fi ed . A ri n g  separat i on t:i. = l /� i s  emp l oyed i n  the 
model , so that the number of ri n gs i s  M=l + � (RM - R1 ) .  These val ues  
of t:i. or  M are used i n  equat i ons  ( 3 -6a ) or ( 3 -6b )  to  automati cal l y  compute the 
number of emi tters per ri n g  as a fu nct i on of the sector  parameters ( R 1 , RM , e ,  
K o r  N)  • 

Power-Sum Aggregati on at Terrestri al Recei vers 

The power recei ved per emi tter i s  P r = ( E IR P )  ( Gr ) ( Lp
-1 ) ,  where Lp i s  

the p ropagati on  model output o r  LP = { 4irA./D ) 2 i n  free space . Al l emi tters 
l ocated on the same ri n g  are at the same di stance 0 = Rj from the recei ver , as 
g i ven by equ ati on ( 3 -4 )  wi th t:i. = 1/ �. and w i l l  have the s ame path l oss 
Lp ( j )  i n  both free space and p ropagat i on  model opt i ons . Hence , the power 
recei ved from a s i ng l e emi tter i s  mu l t i p l i ed by Nj to obta i n the power P r ( j )  
recei ved from al l emi tters on the same ri n g . 

3-8 



The power recei ved per ri n g  i s  added over a l l ri ngs to obtai n the 
power-sum aggregat i on of a l l emi tters i n  the sector , as fol l ows 

P r ( aggregate ) 

and 

P r ( aggregate ) 

M 
= ( E IR P )  ( Gr ) • Z [ N

J
. /lp ( j ) ]  

j = l  

2 M 2 = ( E IR P )  ( Gr ) ( A/4ir ) • Z ( N . /R . ) 
j =l J J 

( p rop model ) ( 3-8 ) 

( f ree space ) ( 3-9 ) 

In the free 
factor  Nj /Rj that 
factor i s  g i ven 
equat i on  ( 3-7 ) .  

s pace case , the summat i on of equat i on ( 3- 9 )  i nc l u des the 
i s  i nv ari ant from ri n g  to ri n g , as per equ at i on ( 3-5). Th i s  
by R0 = N/Rj = S/ 6 ,  and i s  a l so i ndependent of e v i a 
The power-sum aggregat i on of equat i on  ( 3- 9 )  thus becomes 

s i mp l i fi ed as fol l ows 

Pr ( aggregate ) 

where 

M 
= ( E IR P ). ( Gr ) ( >,/4irR0 ) 2 

• Z ( R  /R . )  
j =l 0 J 

( free space ) ( 3- 1 0 )  

( 3-1 1 )  

An equ i val ent number Neq of emi tters can be l ocated on any s peci fi c r i ng  
{ j * )  to p roduce the  same recei ved power as  the  aggregati on  based on the 
emi tter di stri buti on . Thi s equ i val ent number can be obtai ned from the path 
l os s  Lp ( j * )  or radi u s  Rj * ' of the ri n g  i n  quest i on  ( e . g . ,  j*=l for i nner ri n g ,  
j *=M for outer ri n g )  as fol l ows 
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Neq { j* ) 

and 

M 
= Lp (j * }  5 l: [ N

J
. /Lp ( j ) ]  

j =l 

M 2 = ( R · * ) 2 • l: ( N . /R . ) J j =l J J 

( p rop mode l ) ( 3 -12 ) 

( free space ) { 3 - 1 3 )  

An examp l e  o f  R I NGS computati ons i s  s hown i n  TABLE 3 - 2 ,  where the two 
ru n s  presented correspond to the free space and propagat i on  mode 1 opti ons , 
respect i vel y .  An emi s s i on frequency of 1 000 MHz i s  s peci fi ed , a l ong  w i th a 
fi e l d  strength per emi tter of 500 µV /m at a reference di stance . of 3 meters . 
An E IR P  of -41 . 3  dBm wou l d  have been an equ i val ent emi s s i on l evel i nput 
yi e l di ng  the same output dat a .  

The i nner and outer ri n g  radi us  from the recei ver stat i on are speci fi ed 
as 1 0  km and 50 km, respect i vely .  The recei ver antenna i s  s peci fi ed by an 
antenna gai n  of 30 dBi , thou gh an antenna di ameter of 4 . 1 meter  or an antenna  
beamwi dth of 5 . 2 °  wou l d  have been equ i val ent i nput speci fi cati ons yi el di ng  the 
same output data . 

An emi tter su rface dens i ty of 1 . 0  per  acre i s  speci f i ed i n  TABLE 3-2 . 
· . .  

Thi s val ue  i nduces a total number of 1 , 840 , 328 emi tters i n  the 1 0-50 km  
annu l u s , but on ly  26 , 36 5  emi tters are i n  the sector covered by the  antenna  
bea111t1i dth . A r i ng  separati on of 0 . 0064 k m  and a number 626 of  r i n gs i s  
obta i ned from the i nput data . 
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TABLE 3-2 

R INGS EXAMPLE WITH EM ITTER DENS ITY SPEC IF IED 

I nput Parameters 

Inner Ri n g  Radi u s  (km)  
Outer Ri ng  Radi us  (km)  
Emi tter  Su rface Den s i ty ( #/acre ) 

Emi s s i on F requency ( MHz ) 
Emi tter Fi e l d Stren gth µV/m 

Reference Di stance (m )  
Rece i ver Antenna Gai n  ( dB i ) 

Deri ved Paramete rs 

Number of Emi tters i n  Annu l u s  
Number o f  Emi tters i n  Sector 
Ri n g  Separat i o n  (km)  
Number of R i n gs 

Emi tte r  E IR P  ( dBm ) 
Rece i ver Antenna Beamwi dth ( de g )  

Output Parameters 

Aggregate Power-Sum Recei ved ( dBm ) 
F ree Space Opt i on 
Propagat i on  Model Opt i on 

Number of Equ i va l ent Emi tters i n  I nner Ri n g  
F ree Space  Opt i on 
P ropagat i on Model Opt i on 

1 0 . 0  
50.0  
1 . 0 

1000 
500 

3 
30 

1 , 840 , 328 
26365 

0 . 064 
626 

-88 . 2  
- 104 . 0  

3539 
787 

-41 . 3  
5 . 2  

The emi tter  aggregat i on  produces a recei ved power-sum o f  -88 . 2  dBm wi th 
free space and -104 . 0  dBm wi th the p ropagat i on model . The equ i val ent number 
of emi tters at 10 km (wi thi n the antenna beamwi dth )  that matches th i s recei ved 
power i s  3539 wi th f ree space and 787 wi th the p ropagat i on mode l . The 
di sti ncti on  i n  the path l os s  at 10 km i s  1 1 2 . 4  dB wi th free space versus 1 2 1 . 7  
dB wi th the p ropagat i on mode l . 
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Another examp l e  i s  shown i n  TABLE 3-3 . The same i nput parameters as the 
l ast examp l e  are emp l oyed , except that the emi tter popu l at i on i s  now s peci fi ed 
by a tota 1 number 1 000 of emi tters i n  the annu l us . Th i s  val ue  i n duces an 
emi tter dens i ty of 0 . 0054 per acre , and a number of 144 emi tters i n  the 
sector . A ri n g  separat i on of 0 . 87 km and a number 47 of ri n gs i s  obtai ned 
from the i nput dat a .  

TABLE 3-3 

R INGS EXAMPLE WITH NUMBER <F EMITTERS SPEC IF IED 

Input Parameters 

Inner Ri n g  Radi u s  (km )  
Outer R i ng  Radi u s  (km )  
Number of Emi tters i n  Annu l u s  

Emi s s i on F requency ( MHz ) 
Emi tter F i e l d  Stren gth ( µV/m)  

Reference Di stance (m )  
Recei ver Antenna Gai n  ( dB i ) 

Deri ved Parameters 

Emi tter  Su rface Dens i ty ( #/acre ) 
Number of Emi tters i n  Sector 
Ri n g  Separat i on  (km )  
Number of  Ri n gs 

Emi tter E IR P  ( dBm ) 
Rece i ver Antenna Beamwi dth ( deg ) 

Output Parameters 

Aggregate Power-Sum Recei ved ( dBm ) 
F ree Space Opt i on 
Propagat i on  Model Opt i on 

Number of Equ i va l ent Emi tters i n  Inner Ri n g  
F ree Space Opti on 
P ropagat i on Model Opt i on 

3- 12  

1 0 . 0  
50 .0  

10 ,000 

1 000 
500 

3 
30 

0 . 0054 
143  

0 . 87 
47 

-41 . 3  
5 . 2  

1 1 0 . 8  
-125 . 4  

1 9  
6 



The emi tter aggregat i on now produces a recei ved power-sum of - 1 1 0 . 8  dBm 
w i th f ree space and - 1 2 5 .4 dBm w i th the propagat i on model . The equi val ent 
number  of i nner ri n g  ( 10 km) emi tters i s  19 wit h  free space and 6 with the 
propagat i on model . The p ath l oss d i st i nct i on from the i nner ri ng  i s  the same 
as i n  the p rev i ous examp l e .  

RI NGS USER MANUAL 

P rogram R I NGS computes the power recei ved at a terrestr i a l  stat i on due to 
a d i st ri but i on of i dent i cal emi tters surround i ng the stat i on .  The user can 
spec i fy the antenna ga i n ,  d i ameter ,  or beamwi dth of the terrestri al stat i on .  
F ree space formu l as or a p ropagat i on model subrout i ne can be sel ected for path 
l os s  cal cu l at i on s . 

The user  sel ects the emi tter d i stri but i on regi on ( i nner and outer 
rad i us ) , the emi tter  popul at i on ( su rface den s i ty or total  number ) , and the 
emi s s i on l evel and frequency . The emi s s i on l evel  can be speci f i ed i n  ei ther 
f i e l d  st rength or radi ated power un i t s .  

Hardware and Software Requi rements 

R I NGS may be run  on a ny PC that i s  1 00% MS-DOS compat i b i l e ,  and 
requ i res 1 50 K bytes of d i sk space for storage . MS-DOS vers i on 2 . 0 or h i gher  
i s  necessary .  Furthermore ANS I .SYS  must be  i nstal l ed i n  the  CONF I G  . SYS  
f i l e . The p rogram f i l es n eeded for RI NGS to  be  run  are : 

Input 

R I NGS . EXE  
R I NGPNL . P NL 

The f i rst i nput screen i s  used to determi ne the computat i on mode and 
i nput pa rameter opt i ons , as fol l ows . 
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• Propagat i on opt i on - f ree space or  I P S  propagat i on model 

• Emi ss i on l evel opt i on - f i e l d  st rength or ei rp 

• Recei ver antenna opt i on - gai n ,  d i ameter , or beamwi dth 

• Emi tter popul at i on opt i on - total number  or su rface dens i ty 

If  the I PS Propagat i on Model has  been sel ected , the fol l owi n g  pa rameters must 
be entered : 

• t ransmi tter antenna hei ght i n  meters , 

• recei ver antenna hei ght i n  meters , 

• ground conduct i v i ty i n  meters , between 0 . 0001 and 5 .0 i n  mho/m , 

• ground di el ect ri c  constant between 1 . 01  and 81 . 0 , 

• atmospheri c refract i vi ty between 200 .00 and 450 .0 , 

• transmi tter pol ar i zat i on ei ther Vert i cal  or Hori zontal 

The fol l ow i n g  uni ts  are empl oyed for the other i nput pa rameters : 

Frequen cy 
E I R P  
F i el d  St rength 
Reference Di stance 
Recei ver Antenna Gai n  
Recei ver Antenna D i ameter  
Recei ver Antenna Beamwi dth 
Inner  Ri ng  Radi us  
Outer Ri ng  Rad i us 
Number  of Emi tters 
Dens i ty of  Emi tters 

MHz 
dBm 
µV/m 
m 
dBi 
m 
de�rees 
km 
km 
# i n  l OOO ' s  
#/acre 

Note : the i nner ri n g  rad i us has a l ower bound of 0 . 1  km as a defau l t  i f  
the u ser enters a l ower val u e e  
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Cl.at put 

The output screen fi rst summari zes the i nput scenari o created from the 
i nput data speci fi ed by the u s e r .  The screen di sp l ays both i nput and deri ved 
parameters to descri be the scenari o as fo l l ows . 

• Inner and Outer Ri n g  Radi us  ( km )  

• Emi tter Den s i ty ( #/acre )  

• Number  of Emi tters i n  Annu l u s 

• Number of Emi tters i n  Sector  

• Ri n g  Sepa rat i on (k m )  

• Number  of Ri ngs  

• Frequency (MHz ) 

• E IRP ( dBm ) 

• Fi e 1 d Strength ( 1.N/m)  and Reference pi stance (m )  

• Recei ver Antenna  Gai n  ( dBi ) and Beamwi dth ( de g )  

The scenari o summary i s  i mportant s i nce i t  provi des the user  wi th i ns i ght 
on the effect i ve aggregate emi s s i on bei ng  accounted , as i nduced by the i nput 
pa rameters speci fi ed . For examp l e ,  the number of emi tters i n  the sector are 
those actua l l y  cont ri buti ng to the recei ved power aggregat i on , yet thi s number 
i s  not i nputted but deri ved as a fu nct i on of other data speci fi ed by the use r .  

The output screen next d i  sp  1 ays the aggregate power rece i ved at the 
antenna output termi na l s from the emi tter di stri but i on i n  the sector covered 
by the antenna beamwi dth . The equ i va l ent nu mber of emi tters i n  the i nner ri ng 
that p roduces the same recei ved power i s  a l so di sp l ayed . 

If the i nner ri ng  i s  empty ( conta i ns no emi tters ) i n  the scenari o created 
by the user  i nput data , and the user  e l ects to proceed wi th the ru n ,  then the 
aggregate power recei ved corresponds to the contri buti on from the non -empty 
ri n gs . The c l osest non -empty ri n g  rad i u s  i s  di sp l ayed , a l on g  wi th a note to 
state that the number of equ i va l ent emi tters computed refers to thi s c l osest 
non-empty ri n g . 
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R INGS SAMPLE RUNS 

Th i s  sect i on presents samp l e ru ns  of the R I NGS program for vari ou s i nput 
opt i ons and parameter val ues . The fol l owi ng  samp l e  ru ns are p resented . 

Examp l e  1 :  Emi tter fi e 1 d strength and su rface dens i ty i nput 

Examp l e  2 :  Emi tter fi e l d strength and total number i nput 

Examp l e  3 :  Emi tter E IRP  and su rface dens i ty i nput 

Examp l e  4 :  Emi tter E IRP  and total number i nput 

Note : The l ast two examp l es i l l ustrate the case where there are no 
emi tters di stri buted i n  the fi rst few ri ngs due to the emi tter 
popu l at i on  val ues i nputted . 
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Exa� l e  1 

Emi tter Fi el d Strength 

and 

Surface Density Input 
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RINGS 

RINGS is a multiple emitter analysis p rogram that supports 
user-interactive computations o f  aggregate interference l evels 
into a terrestrial station rece iver . 

The user specifies the emitter d istibution region , emitt e r  
population , ellli s s ion level and frequency , and receiver antenna , 
with various parametric aptions tha t  are automatically prompted 

The user also selects between free space formulas and the 
IPS propagation model for path loss calculations . On-screen 
help is provided f o r  the propagation model parameters . 

Reference : RINGS , Aggregate Emitter Analysis Model 
Cesa r  A. F�l ippi , Robert A. Gruendl , July 1 9 8 8  

F10 • Next screen Esc • Stop 

PRESS FlO TO CONTINUE 

RINGS 
The program can use either free space propagat ion or the IPS propagation model . 
Press the space b a r  to cho o s e  the propagat ion option . 

p ropagation option • I PS propagation model 

The emitter strength can be specified as an emission power level or a f i e l d  
strength at a re ference distance . Press the s p a c e  bar t o  choose the em i tt e r  
strength option . 

emitte r  strength option = f i e l d  strength 

The program requires e i ther the receiver antenna gai n , diameter , or b�amwidth 
as input . Press the space bar to choose the receiver antenna option . 

receiver antenna option • gain 

The emitter p opul ation c an be spec i f ied ei ther by a total numbe r  or a surface 
dens ity . Pre s s  the space bar to choos e  the em itter population opt i o n . 

emitter popul at i on option � surface density 

F9 � Previous s creen 
FlO • Next s creen 

MAKE CHOICES THEN PRESS FlO TO CONTINUE 

Esc • Stop 
Retu rn t i • s e lect next inpu t f i e l d  
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RINGS 

Inteqrated Propagation System Input S creen 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S it e  Parameters : 
Transmitter ant enna height • 

Receiver antenna he ight • 
Ground and Atmosph e re Constants : 

Ground conductivity ( 0 , 0 0 0 l - 5 . 0  lllho/111 ) • 

Ground d i e l ectric constant ( l . O l - 8 1 . 0 0 )  • 
Atlllospheric re fractiv ity ( 2 0 0 . 0 0 -4 5 0 . 0 0 )  • 

Transmitter polari zation (V or H) • 

5 . 0 0 111 
l S . 0 0  111 

0 . 0 0 5 0  lllho/m 
l S . 0 0 

3 0 1 . 0 0 
v 

Sugges t ed 
Values 

for 
E l ectrical 

G round 
constants 

Average ground 
Poor ground 
Good ground 
Fresh water 
S ea Water 

conductivity 
0 . 0 0 5  
0 . 0 0 1  
0 . 0 2 0  
0 . 0 1 0  
s . o o o  

( lllho/m )  D i e l ectric Cons ta n c  
1 5 . 0  

4 .  0 
2 5 . 0  
a 1 . o  
B l .  0 

Esc • S top F9 • Previous screen 
FlO • Next screen Return f l •  s e l ect next input ! i e l d  

ENTER ALL INPUT DATA THEN PRESS F l O  TO CONTINUE 

RINGS 

INPUT DATA - Fi eld S t rength Mode 

Frequency • 
Emitter F ie l d  Strength • 

Fl • Run program 
F2 • Exit program 

R e ference Distance • 
Rece iver Antenna G a in • 

Inner Rinq Radius • 
outer Rinq Rad ius • 

Dens ity o ! Emitters =-

1 0 0 0 . 0 0 0  MH z  
5 0 0 . 0 0 0  uV/m 

3 . 0 0 111 
3 0 . 0  d B i  

1 0 . 0 0  km 
1 0 0 . 0 0 Ian 

0 . 2 5 0  I I 

Esc • S top 

acre 

F9 • Prev ious screen Return f l • s e l ect next input f i e l d  

MAKE CHOICES THEN PRESS Fl TO CONTINUE 

Inner radius (km) 
outer radius ( km )  

Emitter density ( I/acre ) 
. -tfumber in annulus 

Numb e r  in sector 
Rinq separation ( km )  

Number o !  rinqs 

INPUT SCENARIO 

10 . 00 
100 . 0 0 

. 25 0  
1 8 9 7 8 ::1 8 . 

2 7 18 9 .  
. 12 8  

7 0 4 . 

Frequency (MHz) 
E IRP ( dBm) 

Field strength (uV/m) 
Re ference d i stance (111) 

Rcvr ant . gain ( d B i ) 
Rcvr ant . beamwidth (deg) 

OUPUT RESULTS 

Aqgreqate power sum rece ived : - 1 1 0 .  0 9 dBm 
1 9 5 .  Equivalent number of inner-ring emitters : 
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1 0 0 0 . 0 0 0  

- 4 1 . 2 8 
s o o . o o 

3 . 0 0 
J O . C O 
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Exa�l e  2 

Emi tter Fi e ld  Strength 

and 

Total !'timber Input 
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RINGS 

RINGS is a multiple emitter analysis program that supports 
user-interactive computations of aggregate interference l evels 
into a terrestrial station receiver. 

The user specifies the emitter distibution region , emitter 
population , emission level and frequency , and receiver antenna , 
with various parametric aptions that are automatically prompted 

The user also selects b�tween free space formulas and the 
IPS propagation model for path loss calculations . On-screen 
help is provided for the propagation model parameters . 

Reference : RINGS , Aggregate Emitter Analysis Model 
Cesar A. Filipp i ,  Robert A. Gruendl , July 19 8 8  

F l O  • Next screen Esc • Stop 

PRESS FlO TO CONTINUE 

RINGS 
The proqram can use either free space propagation or the IPS propagation model . 
Press the space bar to choose the propagation option . 

propagation option • IPS propagation model 

The emitter strength can be specified as an emission power level or a field 
strength at a reference distanc e .  Press the space bar to choose the emitter 
strength option. 

emitter strength option • fieid strength 

The program requires either the rece iver antenna gain , diameter, or beamwidth 
as input . Press the space bar to choose the receiver antenna option . 

rece iver antenna option • gain 

The emitter population can be specified either by a total number or a surface 
density . Press the space bar to choose the emitter population option. 

emitter population option • total number 

F9 • Previous screen 
FlO • Next screen 

MAKE CHOICES THEN PRESS FlO TO CONTINUE 

Esc • Stop 
Return t �  • select next input field 
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RINGS 

Integrated Propagation System Input S cre en 
- - - - - - - - - - - - - -- - -- - - - - - - - - - - - -- - - - - - - - - - - -

S i t e  Parameters : 
Transmitter antenna he ight • 

Receiver antenna he ight • 

Ground a�d Atmosphere Constants : 
GrouDd conductivity ( 0 . 0 0 0 1 - s . o  m.ho/m) • 

Ground die l ectric consta nt ( l . O l -8 1 . 0 0 )  • 
Atmospheric refractivity ( 2 0 0 . 0 0 - 4 5 0 , 0 0 )  • 

Transmitte r  pol arization (V or H)  • 

5 . 00 m 
1 5 . 0 0 m 

0 . 0 0 5 0  mho/m 
1 5 . 0 0 

3 0 1 . 0 0 
v 

suggested 
Values 

for 
El ectrica l 

Ground 
Constants 

Average ground 
Poor ground 
Good ground 
Fresh water 
Sea Water 

C onduct ivi ty 
o . o o s  
0 . 0 0 1  
o .  0 2 0  
0 . 0 1 0  
5 . 0 0 0  

( mho/m ) D i e l ec t r i c  Cons ta nt 
1 5 . 0  

E s c  • S top 

4 . 0  
2 5 . 0  
8 1 .  0 
8 1 . 0  

F9 • Previous screen 
FlO • Next s creen R e t u rn t i • s e l ec t  next i nput f i e l d  

ENTER A LL  INPUT DATA THEN PRESS F l O  T O  CONTINUE 

RINGS 

INPUT DATA - Field Strength Mode 

Frequency • 1 0 0 0 . 0 0 0  MHz 
Em itter F i eld Strength • 5 0 0 . 0 0 0  uV/m 

R e ference Di stance - 3 . 0 0 m 
Rec e iver >.ntenna Ga in , " " dB i � \J .  v 

Inner Rinq Rad ius - 1 0 . 0 0 km 
outer Ring Rad ius - 1 0 0 . 0 0 km 

NWl\.ber o f  Em itt ers .. 1 9 0 0 . 0 0 0  # i n  l O O O ' s  

Esc .. Stop 
F l  .. Run program 
F2 = Exit program 
F9 • Previous screen Retu rn t +  • s e l ec t  next i nput f i e l d  
. . . . . 

MAKE CHOICES THEN PRESS F l  TO CONTINUE 

Inner radius (km) 
outer radius (km) 

Em i tter density ( #/acre ) 
Number in annu lus 

Number in sector 
Ring separation ( km )  

Number o f  rings 

INPUT SCENARIO 

1 0 . 0 0 
1 0 0 . 0 0 

. 2 5 0 
1 9 0 0 0 0 0 . 

2 7 2 2 0 . 
. 1 2 8  

7 0 4 . 

Frequency (MHz ) 
E I RP ( dBm ) 

F ield strength ( UV/m)  
Re f erence distance (m)  

Rcvr ant . gain ( dB i ) 
Rcvr ant . beamwidth (deg ) 

OUPUT RESULTS 

Aggregate power sum rece ived : - l l O . 09 dBm 
1 9 5 . Equival ent number o f  inner - r ing emitters : 
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1 0 0 0 . 0 0 0  
- 4 1 . 2 8 
5 0 0 . 0 0 

3 . 0 0 
3 0 . 0 0 

5 . 1 6 



Exa�l e  3 

Emi tter E IR P  

and 

surface Density Input 
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RINGS 

RINGS is a multiple emitter analysis program that supports 
user-interactive computations of agqregate interference levels 
into a terrestrial station receiver .  

The user specifies the emitter distibution region , emitter 
population , emission level and frequency , and receiver antenna , 
with various parametric aptions that are automatically prompted 

The user also selects between free space formulas and the 
IPS propagation model tor path loss calcu lations . on-screen 
help is provided tor the propaqation model parameters. 

Reference : RINGS , Aqqreqate Emitter Analysis Model 
Cesar A. Filipp i ,  Robert A. Gruendl , July 1 9 8 8  

F l O  • Next screen Es c  • Stop 

PRESS FlO TO CONTINUE 

RINGS 
The proqram can use either free apace propagation or the IPS propaqation mode l .  
Press the space bar to choose the propaqation opt i o n .  

propaqation option • I P S  propagation model 

The emitter strength can be speci fied as an emi s sion power level or a field 
atrenqth at a reference distance . Prass the space bar to choose the emitter 
strenqth opti o n .  

emitter strength option • eirp 

The program requires e ither the receiver antenna gain , diameter, or beamwidth 
as input . Press the space bar to choose the rec e iver antenna option . 

receiver antenna option • beam width 

The emitter population can be specified either by a total number or a surface 
density . Press the space bar to choose the emitter population option . 

emitter population option • surface dens ity 

Esc Stop F9 • Previous screen 
FlO • Next screen Return t �  E select next input field 

MAKE CHO ICES THEN PRESS FlO TO CONTINUE 

RINGS 

Integrated Propagation System Input Screen 
----------------------------��------------

Sita Parameters : 
Transmitter antenna height 

Receiver antenna haiqht • 
Ground and Atmosphere Constants : 

Ground conductivity ( O . OO O l -5 . 0  lllho/m) 
Ground dielectric constant ( l . Ol-8 1 . 0 0 )  • 

Atmospheric refractivity ( 2 0 0 . 00-4 5 0 . 0 0 )  
Transmitter polarization ( V  o r  H )  

5 . 00 m 
15 . 00 m 

0 . 0050 lllho/m 
lS . 00 

3 0 1 . 00 
v 

suqgasted 
Values 

!or 
Electrical 

Ground 
Constants 

Averaqe ground 
Poor ground 
Good qround 
Fresh water 
Sea Water 

Conductivity 
0 . 00 5  
0 . 00 1  
0 . 02 0  
0 . 01 0  
5 . 00 0  

(lllho/m) Dielectric Constant 
15 . 0  

Esc • Stop 

4 . 0 
2 5 . 0  
8 1 . 0  
8 1 . 0  

F9 • Previous screen 
FlO • Next screen Return t �  • select next input field 

ENTER ALL INPUT DATA THEN PRESS FlO TO CONTINUE 
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RINGS 

INPUT DATA : EIRP mode 

Frequ ency = 1 0 0 0 . 00 0  
EIRP - -4 1 . J  

Receiver Antenna Beamw idth = 5 . 2 
Inner 
outer 

Dens ity 

Fi = Run program 
F2 = Exit program 

R i ng Radius 
R ing Radius 
o f  Em i t t e rs 

= 1 0 . 0 0 
= 1 0 0 . 0 0 
= 0 . 0 0 1  

MH z  
dBm 
degrees 

km 
km 
# I acre 

Stop 
F9 • Previous screen 

Esc 
Return t i  s e l ect next i nput f i e l d  

MA KE  CHOICES THEN PRESS F l  T O  CONTINUE 

THE DENSITY OF EMITTERS S PECI F I E D  RESULTS IN THE FIRST EMITTER BEING 
PLACED IN RING NUMBER 3 AT A DISTANCE OF 1 4 . 9 8 KM .  
CHOOSE FROM THE FOLLOWING BY NUMBER AN D  THEN PRESS ENTER : 

l )  ABORT PROGRAM 
2 )  CHANGE PARAMETERS 
3 )  CONTINUE WITH GIVEN DATA 

CHOICE : 3 

I nn e r  rad ius ( km) 
Outer radius ( km) 

Em i t te r  dens i ty ( I / a c r e )  
Number in annulus 

Num.ber i n  sector 
Ring separation ( k.lU) 

Numbe r of r i ngs 

I N PUT S CENAR I O  

1 0 . 0 0 

1 0 0 . 0 0 

. 0 0 1  

5 0 2 3 . 
7 2 . 

2 . 4 8 8  

3 7 . 

Frequ e ncy 
E I R P  

Rcv r  ant . ga i n  
Rcv r a n t . beamw idth 

OU PUT RES U LTS 

Aggrega t e  powe r sum rec e i ve d  - 1 3 8 . 4 1 d Bm 
Equ iva l en t  numb e r  o f  i n n e r- r i ng e m i t t ers : 2 .  

NOTE : I nn e r r i ng i n  output resu l t s  i s  l oc a t ed a t  1 4 . 9 8 km 
i ns tead of 1 0 . 0 0 km .  
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( MHz ) 
( d Bm) 
( d B i )  
( d e g )  

1 0 0 0 . 0 0 0  

- 4 1 . 2 8 

3 0 . 0 0 

5 . 1 6 
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Exampl e  4 

Emi tter E IR P  

and 

Total ttlmber Input 
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RINGS 

RINGS is a multiple emitter analysis program tha t  supports 
user-interactive computations o! aggregate interference l ev e l s  
into a terrestrial station receiver . 

The user specifies the emitter d i stibution region , emitter 
· population , emission level and frequency , and receiver antenn a ,  

with various parametric aptiona that are automatically prompted 

The uaer also selects between free space formulas and the 
IPS propagation model !or path loss calcula tions . on-screen 
help is provided for the propagation model parameters . 

Reference: RINGS , Aggregate Emitter Analys i s  Model 
Casar A. Fil ipp i ,  Robert A. Gruend l , July 1 9 8 8  

FlO • Next screen Esc • Stop 

PRESS FlO TO CONTINUE 

RINGS 
The program can use e ither free apace propagation or the IPS propagation model . 
Press the space bar to choose the propagation opt i o n .  

propagation option • IPS propagation model 

The emitter strength can be spec i fied as an emission power level o r  a field 
stranqth a t  a reference distance . Press the space bar to choose the emitter 
strenqth opti o n .  

emitter strength option • e i rp  

Th e  proqram requires either the receiver antenna ga i n ,  diameter , · o r beamwidth 
�s. input . Press the. apace 'bar to choose the receiver antenna option . 

receiver antenna option • beam width 

The emitter population can be spec i f i ed e ither by a total nultlber or a surface 
density . Pre s s  the space bar to choose the emitter popu l a t ion opt ion . 

emitter ?opul at ion option • total nuinber 

Esc • Stop F9 • Previous screen 
FlO • Next screen Return t �  • s e l ect next input field 

MAX! CHOICES THEN PRESS FlO TO CONTINUE 

RINGS 

Integrated Propagation System Input Screen 
-------------------------------.- ------- - - -

S ite Parameters : 
Transmitter antenna height • 

Receiver antenna height • 
Ground and Atmosphere Constants : 

Ground conductivity ( 0 . 0 0 0 1- 5 . 0  lllho/m) • 
Ground dielectric constant ( 1 . 0l-8 1 . 00 )  • 

Atmospheric ra fractivity ( 2 0 0 . 00-4 5 0 . 0 0 )  • 
. Transmitter polarization (V or H) 

5 . 00 Ill 
1 5 . 00 m 

0 . 0 0 5 0  mho/m 
1 5 . 00 

3 0 1 .  0 0  
v 

Suggested 
Values 

tor 
Electrical 

Ground 
Constanta 

Average ground 
Poor ground 
Good ground 
Fresh water 
Sea Water 

Conductivity 
o . oo s  
0 . 00 1  
0 . 0 2 0  
0 . 0 1 0  
5 . 00 0  

( lllho/m ) Dielectric Constant 
1 5 . 0  

Esc • stop 

4 . 0  
2 5 . 0  
8 1 . 0  
8 1 . 0  

F9 • Previous screen 
FlO • Next screen Return t +  • sel ect next input f i eld 

ENTER ALL INPUT DATA THEN PRESS FlO TO CONTINUE 
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RINGS 

INPUT DATA : EIRP mode 

Frequency -
EIRP -

Receiver Antenna Beamwidth "" 

Inner 
outer 

Number 

Fl � Run program 
F2 • Exit program 

Ring Radius = 

Ring Radius 
of Emitters = 

1 0 0 0 . 0 0 0  MHz 
-4 1 . 3  dBm 

5 . 2  degrees 

1 0 . 0 0 km 
1 0 0 . 0 0 km 

5 . 0 0 0  # in l O O O ' s  

Esc = S top 
F9 � Previous screen Return t +  = se l ect n ext input f i e l d  

MAKE CHOICES THEN PRESS Fl TO CONTINUE 

THE NUMBER OF EMITTERS S PECIFIED RESULTS IN THE FIRST EMITTER BE ING 

PLACED IN RING NUMBER 3 AT A DISTANCE OF 1 4 . 9 8 KM .  

CHOOSE FROM THE FOLLOWING BY NUMBER AND THEN PRESS ENTER : 

l )  ABORT PROGRAM 
2 )  CHANGE PARAMETERS 
3 )  CONTINUE WITH G IVEN DATA 

CHOICE : 3 

Inner radius ( Jan )  
outer radius ( Jan )  

Emitter dens i ty ( I/acre ) 
Number in annulus 

Number in sector 
Ring separat ion ( Jan )  

Numbe r  o f  rings 

INPUT SCENARIO 

1 0 . 0 0  
1 0 0 . 0 0 

. 0 0 1  
5 0 0 0 . 

7 2 . 
2 . 4 8 8  

3 7 . 

Frequency (MHz ) 
EIRP ( dBm ) 

Rcvr ant . ga in ( d B i )  
Rcvr ant . beamwidth ( deg ) 

OUPUT RESULTS 

Aggregate power sum rece i ved - 1 3 8 . 4 1  dBm 
Equivalent number of inner-ring em i tters : 2 • .  

NOTE : I nner r i ng in output resu lts i s  located at 1 4 . 9 8 Jon 
instead o f  10 . 0 0 Jan .  
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1 0 0 0 . 0 0 0  
-4 1 .  2 8  

3 0 . 0 0 
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SECTION 4 

AGGREGATE EM ITTER ANALYS IS MODEL FOR AIRBORNE RECE IVERS 

PDOME TECHNICAL MANUAL 

The purpose of thi s sect i on i s  to descri be the ana lys i s p rogram and 
computat i on opt i ons of  the a ggregate emi tter ana lys i s  model for ai rborne 
recei vers . Mu l t i p l e  emi tters wi th the same emi ss i on frequency and emi s s i on 
l evel a re di stri buted on a spheri cal  dome on the Earth ' s  su rface , accordi ng to 
the emi tter di stri but i on  opt i ons  se l ected . The emi ss i on l evel per emi tter can 
be s peci fi ed i n  terms of radi ated power or fi el d st ren gth un i ts . 

The emi tter di str i but i on can be sp read or concentrated on the dome 
su rface , and s pec i f i ed by the emi tter su rface dens i ty or total  number of 
emi tters . The mode 1 computes the power -sum aggregat i on i nto an ai rcraft 
recei ver at a gi ven a l t i tude or ran ge of a l t i tu des . A 4/3 Earth -radi us  model 
i s  assumed for ray-bendi n g  effects , and free space propagat i on i s  emp l oyed for 
path l oss  computat i ons . 

A computer  program ca 1 1  ed PDOME has been devel oped at NT IA for the 
aggregate recei ved power computat i on .  The p rogram i s  menu -dri ven wi th user 
sel ect i on  of the di st ri but i on  model , emi s s i on pa rameters , and output opt i ons , 
as descri bed bel ow .  

The emi tter di st ri buti on model  i s  sel ected by the user from the fol l owi ng  
two opt i ons : 

• Spread Di st ri but i on : emi tters are di st ri buted to span the 
v i s i b i l i ty l i mi t ,  whi ch i s  automati cal ly 
computed from the a i rcraft a l t i tu de 

• Concent rated Di stri but i on : emi tters are di stri buted on a smal l er area 
whose rad i u s  i s  se l ected by the user  
i ndependent l y  of the a i rcraft al t i tu de .  
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For the concentrated di st ri but i on , an error message i s  automat i ca l ly 
fl agged on the screen i f  the u ser sel ects a radi u s  that exceeds the vi s i b i l i ty 
l i mi t  for the ai rcraft a l t i tu de speci fi ed . The user  a l so has the opti on of 
sel ect i ng ei ther the emi tter su rface dens i ty or the tota l  number of emi tters 
i n  the concentrated mode l , and the emi tter  su rface den s i ty i n  the sp read 
mode l e 

The emi ss i on l evel per  emi tter i s  spec i fi ed by the user  from the 
fol l owi ng  two opti ons : 

• Equ i val ent Isotrop i cal ly  Radi ated Power ( E IRP ) 
• Fi e l d Stren gth at Reference Di stance 

The other i nput parameters are the emi s s i on  frequency and the ai rcraft 
a l t i tude . A summary of a l l the i nput p arameters and u n i ts emp l oyed i s  s hown 
i n  TABLE 4-1 . 

PARAMETER 

Ai rcraft Al ti tude 
Di st ri but i on Radi us  
Emi tter Dens i ty 
Number of Emi tters 
Emi ss i on Frequency 
E IRP  
Fi e l d  Strength 
Reference Di stance 

TABLE 4-1 

PDOME INPUT DATA SUMMAR Y 

UN ITS 

feet 
k i 1  ometers 
number/ acre 
i nteger 
megahertz 
dBm 
mi c rovo l ts/mete r  
meters 

COND IT ION 

Screen Output ( not p l otte r  fi l e )  
Concent rated Di stri buti on Model 
Spread or Concentrated Di stri but i on 
Concentrated Di stri but i on Model 

- - - -

Ragi ated Power Level 
Fi e l d Strength  Level 
F i e 1 d Strength Level 

Input 
Input 
Input 

The program computes and di sp  1 ays the power-sum aggregat i on  from the 
emi tter di stri buti on i nto the ai rcraft recei ver , assumi ng  0 dBi gai n for the 
rece i v i ng  antenna over the vi s i bi l i ty l i mi t  ( s p read mode l ) or di stri but i on 
radi u s  ( concentrated model ) .  A deta i l ed desc ri pt i on of  the di st ri buti on 
model s  and power aggregat i on i s  gi ven i n  the next sect i on . 
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The power-sum aggregat i on i nto the ai rcraft recei ver i s  equ i val ent to 
havi ng a certa i n number of emi tters col l ocated di rect ly beneath the ai rcraft , 
at the mi n i mum di stance correspond i n g  to the ai rcraft al t i tu de . The program 
computes th i s equ i va l ent number of col l ocated emi tters as an addi ti onal output 
di sp l ayed . 

The program al  so  computes and di sp l ays the power recei ved from a s i ng l e 
emi tter , when the l atter i s  l ocated di rect ly  beneath the ai rcraft as a worst 
cond i t i on .  Th i s  val ue  i s  an i mportant reference l evel , si nce the power-sum 
a ggregat i on of the emi tter di stri but i on i nto the a i rcraft rece i ver may not 
exceed the si n gl e-emi tter effect i f  the emi tter dens i ty speci fi ed by the i nput 
data i s  l ow enou gh .  

The addi t i on of  thi s s i ng l e-emi tter contri buti on to the power-sum 
aggregat i on from the emi tter di st ri but i on i nto the a i rcraft recei ver i s  al so 
di sp l ayed . If the s i n g l e-emi tter contri but i on  i s  s i gni fi cant , the user  mu st 
dec i de i f  a revi s i on of the emi tter di stri buti on (mode l , parameters ) i s  
warranted . 

The screen output di sp l ay a lways i nc l udes the fo l l owi n g  fou r data i tems : 

• Aggregate power rece i ved from emi tter di stri but i on , ( dBm ) 
• Equ i v al ent number of co l l ocated emi tters ( di rect ly  bel ow ai rcraft ) , 

( i nteger ) 
• Si ng l e-emi tter  power rece i ved ( emi tte r  di rect l y  bel ow ai rcraft ) , ( dBm ) 
• Aggregate pl u s  s i ng l e -emi tter power recei ved , ( dBm ) 

A p l otter  output opti on  i s  al so supported by the p rogram for the 
a.ggregate power recei ved from the emi tter d i stri but i on .  Under thi s opt i on ,  
the user  i s  not p rompted for an ai rcraft a 1 t i tu de , and the program recyc 1 es 
t he aggregate power-sum computati on for an a l t i tude range of 1 000 to 40000 
feet . The user  ass i gns a fi l ename to the aggre gate power-sum versus a lt i tude 
data for p l otti ng pu rposes . 
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An examp l e  of POOME computati ons i s  shown i n  TABLE 4-2 for a sp read 
di stri but i on wi th an emi tter dens i ty of 1 . 0  per acre . An emi ss i on frequency 
of 1000 MHz was speci fi ed , al ong  wi th a fi e l d  strength per emi tter  of  
500 µV/m at a reference di stance of 3 meters o The two ai rcraft a l t i tudes 
cons i dered cou l d  rep resent l and i n g  ( 1000 feet ) and cru i s i n g cond i t i ons ( 4000 
feet ) condi t i ons , res pect i vely .  

The aggregate power recei ved from the emi tter di str i but i on  i s  -94 .4  dBm 
at the l ow a l t i tu de and -96 . 2  dBm at the h i gh a l t i tu de .  The smal l vari at i on 
i n  the aggregate power recei ved i l l u strates how the added vi s i b i l i ty at h i gh 
al t i tudes i ntroduces more emi tters to essenti a l l y  compensate for the l arger 
path l os s  and sma l l er power cont ri but i on per emi tter .  

The equ i val ent number of  col l ocated emi tters needed to match the 
I 

di stri but i on aggregat i on i s  788 at the l ow a l t i tude versus  83437 7  at the hi gh 
a l ti tudes . The di fference between the s i ng l e and aggregate power recei ved 
corresponds to thi s equ i val ent number wi th i nteger roundoff for each a l t i tude 
case ( e . g . ,  10  l og 788 = -94 .4 + 1 2 3 . 4 ) . The s i ng l e-emi tter power 
contri but i on i s  i ns i gni fi cant rel at i ve to the aggregate effect , at both 
a l t i tu de cases . 

An examp l e of the POOME computati on  wi th a concentrated emi tter 
di stri but i on i s  s hown i n  TABLE 4-3 for the l ow-al ti tude case , u s i ng the same 
emi ss i on frequency and l evel per emi tter as i n  the p rev i ou s  examp l e .  The 
number of emi tters was set to N = 788 , and col l ocated emi tters bel ow t he 
ai rcraft were fi rst si mu l ated by se l ect i n g  a sma l l di stri but i on radi u s  of 
1 meter  ( 0 . 00 1  k m ) , so that the correspondi ng  outputs of TABLE 4-2 were 
reproduced as veri fi cat i o n .  

The di stri but i on  radi u s  was then i nc reased i n  TABLE 4-3 to  h i gher val ues  
( l .O m ,  , 10 . 0  m ) , so  as to di stri bute the emi tters i nstead of  col l ocati ng  
them. The aggregate power recei ved from the  emi tter di stri buti o n  then  reduced 
to -100 .8  dBm and - 1 1 6 . 3  dBm, respect i vel y ,  rel at i ve to the -94 . 4  dBm obta i ned 
when the emi tters are col l ocated . The equ i val ent number of co l l ocated 
emi tters wi th the concentrated di stri buti on a l so reduced to 1 80 for the 1 .0 m 
radi u s  and to 5 for the 1 0 . 0  m radi u s , rel at i ve to the 788 correspondi ng  to 
the spread di stri buti on . 
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TABLE 4-2 

PDOME EXAMPLE WITII SPREAD EMITTERS DISTRIBUTION 

I NP UTS 

Output Format 
Em i tter  Di stri buti on 
Emi tter Den s i ty ( per  acre ) 
Ai rcraft A 1 t  i tu de ( feet )  

Emi s s i on F requency { MHz ) 
F i el d  St rength ( µvol t s/meter ) 
Reference D i stance (m )  

OUTPUTS 

Aggregate power recei ved from 
em i tter d i st ri but i on { dBm )  

Equi val e nt number  of col l ocated 
emi tters { d i rect l y  bel ow a i rcraft ) 

S i ng l e-emi tter power recei ved {dBm )  
( em i tter d i rect ly  bel ow a i rcraft ) 

Aggregate pl us  s i ngl e  emi tter 
power recei ved { dBm ) 

LOW-ALTITUDE 
AI RCRAFT CASE 

Screen 
Sp read 
1.0 
1000 

1000 

500 

3 

-9 4 . 4  

788 

- 1 2 3 . 4  

-94 .4  

4-5  

H IGH-ALTITUDE 
AI RCRAFT CASE 

Screen 
Sp read 
l . (') 
40000 

1000 

500 

3 

-96 . 2  

834377 

- 1 5 5 . 4  

-96 . 2  



TABLE 4-3 

POOME EXAMPLE WITH CONCENTRATED EMITTERS DISTRIBUTION 

COLLOCATED D I STRI BUTED 
EMITTERS CASE EMITTERS CASES 

I NPUTS 

Output Format Screen Screen Screen 
Emi tter D i str i but i on Concent rated Con cent rated Concent rated 
Number  of Emi tters 788 788 788 

Di stri b ut i on Rad i us ( km )  0 .001 1 .0 1 0 . 0 

Ai rcraft Al t i tude ( feet )  1000 1000 1()()0 

Emi ss i on Frequency ( MHz) 1000 1000 1000 

Fi el d Strength ( µvol ts/meter )  500 500 500 

Reference D i stance (m ) 3 3 3 

OUTPUTS 

Aggregate power recei ved from -94 .4  - 100 . 8  - 1 16 . 3  
emi tter  d i st ri but i on ( dBm ) 

E qu i val ent number of col l ocated 788 180 5 
emi tters ( d i rect ly  bel ow a i rcraft )  

S i ngl e -emi tter power recei ved ( dBm ) -123 .4  - 1 2 3 . 4  - 123 .4  
( em i tt er d i rect ly  bel ow a i rcraft) 

Aggregate pl u s  s i ngl e-emi tter -94 . 4  - 100 .8 - 1 1 5  .5  
power recei ved ( dBm ) 
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The p l otter fi l e  opt i on  was emp l oyed to i l l ust rate the power-sum 
aggregat i on versus a l t i tu de characteri sti cs wi th the sp read di stri but i on .  
Su cces s i ve p rogram ru ns  were made wi th th ree emi tter dens i t i es ( 1 . 0 ,  0 . 3 ,  0 . 1 
per  acre ) , two emi s s i on l eve l s  ( 500 µV/m at 3m , 125  µV/m at 3m) , and an 
emi s s i on  frequency of 1000 MHz . The output fi l es were combi ned to obtai n the 
performance characteri sti cs shown i n  F i gu re 4-1 . 

The sol i d  and dotted cu rves i n  the top graph correspond to the 
h i gher ( 500 µV/m) and l ower ( 1 25 µV/m)  emi s s i on l evel s ,  respecti vel y .  The s i x 
top cu rves represent the power-sum aggregat i on of the emi tter di st ri but i on 
i nto the ai rcraft recei ver , and the two bottom cu rves represent the 
si ng l e-emi tter contri buti on when l ocated di rect ly bel ow the ai rcraft . 

The power-sum aggregat i on cu rves exhi bi t l i tt l e  vari ati on wi th a l t i tu de 
when compared to thei r s i n g l e-emi tter counterpa rts . The i nc reased vi si bi l i ty 
wi th a l t i tu de p roduces l a rger dome su rfaces where the emi tters spread , and the 
tota l  number of emi tters i nc reases for a gi ven dens i ty to compensate for the 
path l oss  i ncrease wi th a l t i tude per emi tte r .  

The vert i cal  di stance between any o f  the power-sum aggregati on cu rves and 
thei r s i ng l e-emi tter counterpart i s  a measu re of the magn i tude of the 
aggregat i on effect i n  dB . Th i s  vert i cal  di stance al so corresponds to the 
equ i va l ent number of col l ocated emi tters di rect ly bel ow the ai rcraft , as 
i l l u st rated i n  the bottom graph of Fi gu re 4-1 . The i ncrease i n  the equ i val ent 
number wi th a l ti tu de i s  a di rect consequence of the f l at natu re of the power­
sum aggregati on cu rves rel ati ve  to the s i n g l e emi tte r  effect . 

Another performance characteri sti c of i nterest i s  the v ari ati on i n  the 
power-sum aggregat i on  wi th  a concentrated di stri but i on , as a fu nct i on of the 
number of emi tters ( N ) , concentrat i on radi u s  { R.) ,  and a i rcraft al ti tude ( h ) .  
The program computat i ons for an emi s s i on  frequency of 1000 MHz and emi s s i on  
1 eve 1  of 500 µV /m  at  3m are shown i n  F i gu re 4-2 , where the s 1 oped 1 i nes 
rep resent the power-sum aggre gat i on and the dotted l i ne represents the s i ng l e 
emi tter contr i buti on . 

The three graphs shown correspond to ai rcraft al ti tudes of 1000 feet , 
5000 feet , and 1 0000 feet , respect i vely .  Each graph contai ns  vari ous 
concent rat i on radi u s  val ues up  to  the vi s i b i l i ty l i mi t determi ned by the 
ai rcraft a l t i tu de .  The s i ng l e emi tter l i ne i s  i ntersected as the number of 
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emi tter decreases ,  wi th the i ntersect i on  poi nt represent i n g a di stri buti on  
equ i val ent to a s i ng l e emi tter l ocated di rect ly  bel ow the ai rcraft . 

PDC»1E MODEL FOOMULAT ION 

Thi s  sect i on presents a s i mp l e  formu l at i on  for the esti mat i on  of the 
power-sum aggregate i nterference from emi tters di stri buted over the Earth 1 s 
su rface i nto an ai rcraft recei ver . Al l emi tters are assumed to have the same 
emi s s i on  l evel  and frequency , and free-space p ropagat i on i s  as sumed.  The 
ai rcraft antenn a  i s  assumed to have un i t gai n over the vi s i bi l i ty regi on  
determi ned by the ai rcraft al t i tu de .  

The power-sum aggregate i nterference i s  deri ved by model i n g the emi tter 
di stri but i on and i ntegrat i ng thei r col l ecti ve effect . Sp read and concentrated 
di stri but i on model s are provi ded wi th a un i fi ed formu l at i on .  In the sp read 
mode l , the emi tters are di stri buted over the enti re vi s i b i l i ty regi on 
determi ned by the ai rcraft a l t i tu de .  In the concentrated model , the emi tters 
are di stri buted on a smal l er regi on bel ow the ai rcraft . 

The user  speci fi es the ai rcraft al ti tude , the emi tter den s i ty or  tota l  
number , the  emi ss i on l evel , and  the  emi s s i on f requency . In the  concent rated 
mode l , the user  al so spec i fi es the radi u s  of the regi on where the emi tters are 
l ocated . 

A standard set of parameter  un i ts  i s  emp l oyed i n  the formu l ati on  that 
fol l ows for s i mp l i ci ty .  The actual i nput and output u n i ts i n  the computer 
program have been sel ected to rep resent common u sage . Al l u n i t convers i ons  
are performed automat i cal l y  by the  computat i on . .  a l gori thms . 

Spread and Concentrated Emitter Di stri buti on Model s 

An a i rcraft recei ver of a l t i tu de ( h ) i s  i n  the l i ne-of-s i ght of ground 
emi tters di stri buted on the su rface of a s pheri cal  dome , as shown i n  
F i gu re 4-3.  The v i s i bi l i ty d i stance ( dv ) i s  a functi on of the a l t i tude ( h ) 
and effecti ve earth radi u s  ( r ) vi a the re l at i on dv = firh+h2 • 
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F i g u re 4-3 .  PDOME s pread d i str i but i on model . 
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Fi gure 4-4 .  PDOME concen tra ted d i stri but i on model . 
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A correct i on facto r  (k ) can be as s i gned to the earth radi us  re = 6376 km 
to correct for  ray-bendi ng effects . The effecti ve earth radi us  is  then gi ven 
by r = k re , where k = 4/3 i s  usefu l for l ow a l ti tudes and i nt roduces sma l l 
e rrors at h i gh a l ti tu des . 

The dome su rface area i s  gi ven by A = ( 2 1T r ) H  as a fu nct i on  of the dome 
hei ght ( H ) . The maxi mum hei ght correspondi n g  to the vi s i bi l i ty l i mi t  i s  gi ven 
by Hv = ( rh ) / ( r+h ) .  For examp l e ,  the v i s i b i l i ty dome has about 4 mi l l i on 
acres for h = 1000 feet , and 1 00 mi l l i on acres for h = 25 , 000 feet , wi th a 4/3 
earth radi u s  model . 

The emi tters l ocated near the dome base wi l l  experi ence more s i gna l path 
l oss than those l ocated near the dome top . The rat i o  between the maxi mum ( dv ) 
and mi n i mum ( h )  path di stances represents a s i gnal  attenu at i on di fference of 
20 l og ( dv/ h )  = 10  l og [ 2 ( r/h ) +l ]  i n  free space . For examp l e ,  the di fference 
i s  about 47 dB for h = 1000 feet , and 33  dB for h = 25 , 000 feet , wi th  a 4/3 
earth radi u s  mode l . 

If a spread di stri  buti on wi th a dens i ty of K emi tters per u n i t area i s  
as sumed , then the total  number of emi tters i s  gi ven by N = ( 2 'ITr ) KH i n  a dome 
of hei ght ( H ) . The sp read di stri but i on  wi l l  al ways use  H = Hv , so as to 
i nc l u de a l l  emi tters wi th i n the a i rcraft v i s i b i l i ty .  

A concentrated di stri but i on can al so be speci fi ed by consi deri n g  a 
su rface of radi us  ( t) bel ow the a i rcraft , as shown i n  F i gu re 4-4 .  The 
correspondi ng  dome has hei ght H t = r ( 1 - cos ( t/ r ) ) ,  and the su rf ace area i s  
gi ven by A t = 21Tr2 ( 1  - cos ( t/ r ) ) .  The emi tter dens i ty ( K )  and total  number 
( N )  are re l ated by N = KAt i n  the concentrated model . Note that for t < <  r ,  
the approxi mat i on A t = 1T t2 fo l l ows from the cos e = 1 - ( e2/ 2 )  re l ati o n . 

However ,  the combi n at i on  of ai rcraft al ti tude ( h )  and su rface radi u s  
( t) u sed i n  the concentrated model mu st be  compat i b l e  w i th the v i s i bi l i ty 

l i mi t s . The mi n i mum al ti tude ( hmi n ) needed to cover a gi ven radi u s  ( t) and 
the maxi mum radi u s  ( tmax) vi s i b l e  from a gi ven al ti tude ( h )  are gi ven by 

for t « r { 4 -1 ) 
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• 

and 

R. = r • cos -1 [ r/ ( r+h ) ]  "' � for h , R.  « r max ( 4-2 ) 

Power-Sum Aggregati on at Ai rcraft Recei vers 

Each g rou nd emi tter i s  at a di sti nct di stance d ( x ,y , z )  from the ai rcraft 
as shown i n  Fi gu re 4-5 , where the re l at i on x2 + y2 + z 2 = r2 l ocates the 
emi tters on the spheri c al su rface . The power recei ved at the ai rcraft from 
each emi tter i s  P ( x ,y , z )  = ( PtGt Gr ) ( A/4lT ) 2/d2 ( x ,y ,z )  i n  free space , where 
( PtGt ) i s  the emi tter E IR P , Gr = 1 i s  the recei ver antenna gai n ,  and A i s  the 
emi s s i on wavel ength . The on ly  di st i nct i on between emi tters i s  due to the 
d2 ( x ,y , z )  vari ati on wi th the emi tter l ocat i on .  

A su rface e l ement ( dS )  i n  the spher i cal  dome has K •dS emi tters as shown 
i n  Fi gu re 4-5 .  The power-sum aggregat i o n  i s  gi ven by Pr = JfP ( x ,y , z )  K •dS , 
where the i ntegrat i o n  i s  over the dome su rface i n  quest i on .  The outcome can 
be  separated i nto two terms RHO and I NT as shown bel ow , ·  where RHO i s  a 
constant mu l ti p l i er that ref l ects the emi s s i on parameters ( Pt , Gt , A ) , and INT 
i s  the su rface i ntegral  ff ( K/D2 ) dS over a dome of hei ght ( H ) .  

where 

P r ( aggregate )  = ( RHO )  • ( I NT ) ( power )  

I NT = K __!!.:. • l n  f 2 ( r+h ) H+h2l ( di stance ) -2 
r+h t h2 J 
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and 

H = Hv = ( rh ) / ( r  + h )  fo r spread model 

H = H R. = r • [ l  - cos ( R./ r ) ]  -for concentrated mode 1 

( 4 -6 ) 

( 4-7 ) 

In the sp read model , the enti re vi s i bi l i ty dome i s  a lways used ( H  = Hv ) ,  
so that the I NT term can be s i mp l i fi ed as fo l l ows : 

I NT = K _!.!':. • l n  [ 2 ( r/ h ) +l ]  for spread model r+h ( 4-8 )  

Th i s  l ast exp ress i on  can be u sed to veri fy the formu l at i on by con si deri ng  
the  1 i m i  t i ng case where h » r .  The v i s i b i l i ty dome i s  then hal f the  earth 
su rface ( Hv = r ) , and the I NT term becomes INT = K ( 21Tr2 ) ; h2 = N/h 2 • Th i s  
resu l t  i s  correct , s i nce there are N = K ( 21Tr2 ) emi tters i n  the hal f -earth 
su rface ( 21Tr2 ) ,  and they appear  as an aggregate ( N )  poi nt sou rce at a common 
di stance ( h )  to the di stant ai rcraft . 

The un i ts of RHO are ( powe r )  t i mes ( di stance ) 2 , whi l e  the un i ts  of I NT 
are ( di stance ) -2 . The u n i ts of I NT are the u n i ts of the emi tter dens i ty K ,  so 
that the on ly  concern i s  to assu re that the >. and K u n i  ts are the same , or 
that the proper convers i on facto rs are i ntroduced otherw i se . 

Equi val ent Fi el d-Strength Fornu l ati on 

The mu l t i p l i er constant RHO can be speci fi ed i n  terms of a fi e l d st ren gth 
( E )  measu re . In part i cu l a r ,  the fi e l d  strength E0 i n  vo l t/meter ( v/m)  at a 
reference di stance of 00 ( meters ) from the emi ss i on sou rce shal l be assumed as 
the fi e l d strength speci f i cat i o n . 
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The conversi on from fi e l d st rength i nto E IRP  i s  based on equati ng  the 
expres s i ons Pr = ( PtGtGr ) ( A/4nD ) 2 and P r = ( l.E ) 2Gr/ ( 4nZ ) , where Z = 377 ohms 
i n  free space . These  express i ons yi e l d PtGt = 4n ( E • D ) 2 ; z ,  and the convers i on 
from E0 to Pt Gt i s  obta i ned by sett i n g  E = E0 and D = D0 • Fo r examp l e ,  the 
convers i on i s  Pt Gt (watts ) = 0 . 3  [E3m ( v/m ) J2 for D0 = 3 meters i n  free space , 
whe re E3m ( v/m )  i s  the fi e l d  stren gth at 3 meters from the sou rce . 

The net effect i s  to redefi ne the mu l t i p l i er con stant as 
RHO = A2 ( E0 · D0 ) 2 /4nZ .  Th i s  can be exp ressed i n  terms of the emi s s i on 
frequency F ( MHz ) as shown be l ow for free space . For examp l e ,  D0 = 3 meters 
y i e l ds RHO = 1 71 [E3m ( v/m ) /F ( MHz ) ]2 i n  (watts )  (meters ) 2 . 

RHO = 19  
[E0 ( v/m) • 00 ( m )  r 

F (MHz ) (watts )  (meters ) 2 ( 4 -9a ) 

= 19  [E0 ( v/m)  • D0 (m )  J 2 
(watts ) ( ac res ) (4 -9b ) 4047 F(MHz ) 

The l ast RHO exp ress i on above serves to speci fy the emi tter den s i ty un i ts 
as K emi tters per acre for the I NT computat i on . Thi s i s  a conveni ent u n i t  
s i nce i t  c a n  be gi ven a ·  hou s i n g  den s i ty i nterpretati on . The use  of 
vo l ts/meter ( or mi crovo l t s/meter )  for the fi e l d  strength and megahertz for the 
emi s s i on frequency are standard u n i ts . 

Compari son with Si ngl e Emi tter 

The power-sum aggregat i o n  from the emi tter  di st ri buti on i s  next compared 
to the power rece i ved from a s i n g l e  emi tter .  The l atter sha l l be l ocated 
di rect l y  be l ow the ai rcraft as a worst s i ng l e -emi tter con di ti  on , so that i ts 
rece i ved power i s  gi ven by P r ( s i n g l e )  = ( RHO )  ( 1/h2 ) .  The RHO term has the 
same express i on rega rd l ess  of whether the si ng l e ( di screte ) or aggregate 
( di stri buted)  case i s  consi dered .  
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The power-sum aggregat i on  wi l 1 exceed the s i ng l e-emi tter power recei ved 
at the ai rc raft when INT �( 1 / h2 ) .  The emi tter  dens i ty ( K )  appears as a 
mu l ti p l i er i n  the I NT term ,  so that i t  has a l ower bound bel ow whi ch th i s  
const rai nt wi l l  not be sati s f i e d .  Th i s K-bound var i es wi th the ai rc raft 
a l t i tu de ( h ) , and a l so wi th t he su rface radi u s  ( t) i n  the concent rated mode l . 

There i s  a l so  a l ower bound i nduced on the tota l  number ( N ) of emi tters 
v i a the rel ati on N = ( 2 irr ) KH .  These K and N bounds are formu l ated bel ow ,  as 
the constra i nt requ i red for the power-sum aggregat i on to predomi nate over the 
s i n g l e  emi tter cont ri but i on . 

K r+h > -- • 

- irrh2 

where 

1 and l n ( a+l ) N > a 
- l n ( a+l )  

a = 2r  
h for the spread model 

2 r ( r+h ) ( l =COS �t�) 
h2 r 

.. ir (  r+h ) i2 

rh2 

( 4 -10 )  

( 4 -1 1 ) 

for the concentrated mode l  

( 4 -12 ) 

The behavi or i s  best u n derstood by rewri t i ng  the I NT term i n  the 
power -sum aggregat i on  as shown bel ow .  The N emi tters di stri buted over the 
dome su rface can be i nterp reted as N '  equ i va l ent emi tters col l ocated di rect l y  
bel ow the ai rc raft and produc i n g  the same power-sum aggregati on  at the 
ai rcraft recei ver .  

N '  I NT - --
h2 whe re N '  = N 
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The rati o N '  / N  can be i nterpreted as the reducti on factor needed to 
compensate for the path l oss effects i n  the rel ocati on . For examp l e ,  N '  < N 
mu st occu r when the N emi tters are sp read over a rel ati vely l a rge su rface , 
s i nce the N '  emi tters w i l l  be much c l oser to the a i rcraft . 

The power-sum aggregati on excess over a s i ng l e emi tter contri buti on i s  
gi ven by 10  l og N '  i n  dB u n i ts . Hence , N '  � 1 represents the condi t i on 
requi red for the emi tter di st ri buti on to  p redomi nate over the s i ng l e-emi tter 
case . Th i s condi ti on  can be veri fi ed to yi el d the l ower bound  previ ou s l y  
formu l ated for t he  number ( N ) o f  emi tters . 

It shou l d  be emphas i zed that the const rai nt for the power-sum aggregati on 
of the emi tter di stri but i on to p redomi nate over the s i ng l e emi tter 
cont ri but i on i s  not N > 1 but rather N '  > 1 .  The N emi tters correspond to a 
dens i ty K = N/A di stri buted over a spheri cal  dome of su rface area 
A = ( 21Tr ) H ,  and the condi t i on N � 1 does not assu re that the emi tter dens i ty 
i s  l arge enou gh to prov i de INT � ( l /h2 ) as requ i red . 

For examp l e ,  the tabl e bel ow s peci fi es the mi n i mum number N of emi tters 
requ i red for the power-sum aggregati on  to p redomi nate i n  the concentrated 
mode l , as a fu nct i on of the a i rcraft al t i tu de ( h )  and su rface rad i us  ( t) .  The 
mi n i mum  emi tter den s i ty K = N/A.t can be obta i ned from the dome su rface area 
gi ven i n  the tab l e .  A 4/ 3 earth rad i u s  i s  used i n  al l the cal cu l at i ons . 

A t( acres ) I I I I I 
t�km�  h=lOOO h=5000 h=lOOOO h=25000 h=40000 

1 7 . 76x102 N>5 N>2 N>2 N>2 N>2 
5 1 . 94xl04 N>49 N> 5 N>3 N>2 N>2 

1 0  7 . 76xl 04 N> 1 55  N> l 2  N>5 N>2 N>2 
50 1 .  94xl06 N>2637 N> l 55 N>49 N> 1 2  N>6 

1 00 7 . 76xl06 N> 5 1 5  N> 1 55  N>34 N> l6 
200 3 . 1 ox107 N> 5 1 5  N> l06 N>49 
300 6 . 99x1 07 N>212  N>95  
400 1 . 24xl08 N> 1 55 
500 1 . 94x108 

( V IS IB IL ITY L IM IT )  ( t<70k m )  ( t<160k m )  ( t<230k m )  ( t<360k m )  ( t<455k m )  
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In summary , the power-sum aggregati on from a uni form emi tter di stri but i on 
can actual ly  be smal l er than the contr i buti on f rom a s i ng l e emi tter l ocated 
di rect ly  bel ow the ai rc raft . On thi s bas i s ,  it i s  recommended that the power 
recei ved from one ( or more ) di screte emi tter ( s )  di rect ly  bel ow the ai rcraft be 
al ways compared to the power-sum aggregat i on of the un i form surface 
di stri buti on when eval u ati ng  recei ved power l evel s .  

PDOME USER MANUAL 

Program PDOME computes the power-sum aggre gate i nterference i nto an 
ai rcraft recei ver f rom a di  stri bu t i  on of i denti cal  earth surf ace emi tters . 
The program assumes a uni t gai n ai re raft antenna and free-space propagat i on .  
The p rogram can l i st resu l ts to ei ther the user  sc reen , or  a di sk fi l e  i n  a 
format eas i l y  adaptab l e to p l otti n g . 

The user  se l ects the emi tter di st ri buti on opt i on  { sp read or concentrated ) 
and parameters ( emi tter dens i ty ,  total number , concent rat i on radi u s ) .  The 
user  al so sel ects the emi s s i on  frequency , and speci fi es the emi s s i on l evel  i n  
ei ther fi e l d strength or radi ated power un i ts . The ai rcraft a l ti tude i s  al so 
speci fi ed for a sc reen output , and a 1000-40000 feet range i s  automati ca 1 l y  
p rovi ded for the p l otter di sk fi l e  output . 

Hardware Requi rements 

The PDOME p rogram has been des i gned to run on any PC wi th  1 00% IBM PC 
compat i b i l i ty .  The p rogram requ i res a PC mon i tor  ( ei ther  col o r  or 
monochrome ) , and a 5-1/4 11 f l oppy dri ve un i t ( the medi a used to transfer the 
p rogram ) . Approxi mately  50K of di sk s pace i s  needed i f  the user w i shes to 
store the p rogram fi l e  to  ha rd di sk . 

Software Requi rements 

MS or  PC DOS vers i ons 2 . 0  o r  greater operat i n g  system i s  requ i red . 
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Input 

NAME 

IOUT 

I MODEL 

! EM IT 

I POWER 

HA 

L 

K 

N 

E IR P  

EO 

DO 

F 

RANGE UN ITS 

0 , 1 ,2 

0 , 1 , 2 

0 , 1 , 2 

0 , 1 , 2 

> o .  feet 

DESCR IPT ION 

0 = abort p rogram, 
1 = wri te resu l ts for user sel ected a l t i tu de 

to s c.reen , 
2 = wri te power vs . a l t i tudes 1000 to 40 , 000 ft 

to di sk p l ot fi l e .  

0 = abort p rogram, 
1 = sp read emi tters throu ghout v i si bi l i ty ,  
2 = concentrate emi tters wi th i n  a rad i u s  

sel ectabl e  o n l y  when !MODEL = 2 ,  
0 = abort p rogram , 
1 = emi tter dens i ty to be i nputted (th i s i s  

a l so the defau l t  for !MODEL = 1 ) , 
2 = tota l  number of emi tters to be i nputted . 

0 = abort p rogram , 
1 = emi tter E IR P  to be i nputted , 
2 = emi tter fi e l d  strength and ref . di stance . 

a i rcraft a l t i tude ( IOUT = 1 on l y ) . 

>O . to vi s i b l e km  
hori zon 

earth su rface rad i u s  of dome ( !MODEL = 2 on l y )  

> 0 

> 0 

no . / acre emi tter dens i ty ( ! EM IT = 1 on ly ) . 

total  number of emi tters ( !EM IT = 2 onl y )  

dBm emi tter E IR P  ( ! POWER = 1 on ly ) . 

mi c ro- emi tter f i e l d  strength at DO ( ! POWER = 2 ) .  
vo l t s/m .  

meters fi e l d st rength reference di stance ( ! POWER = 

MHz emi tter frequency 
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Clatput 

NAME UN ITS 

Outputs for screen mode : 

PR 

PR IMEN 

PRSNG  

PRTOT 

dBm 

dBm 

dBm 

DESCR I PT ION 

recei ved power-sum aggregati on 

equ i val ent number of col l ocated emi tters 

s i ng l e -emi tter power recei ved 

aggregate p l u s  s i n g l e-emi tter power rece i ved 

Outputs for di sk p l ot fi l e  mode : 

HA feet 

PR dBm 

POOME SAMPLE RUNS 

a i rcraft a l t i tude 

recei ved power-sum aggregati on as a fu ncti on  of 
a i rcraft a l ti tude ( HA )  

Th i s  secti on p resents samp l e  ru ns  of  the PDOME p rogram for vari ou s 
emi tter di stri but i on cases and i nput p arameter val ues . The fol l ow i ng samp l e  
ru n s  a re presented : 

1 .  Sp read Di st ri buti on  wi th  F i e l d St rength and Emi tter Den s i ty Spec i fi ed 

2 .  Concentrated Di stri buti on w i th F i e l d  St rength  and Emi tter Den s i ty 
Spec i f i ed 

3 .  Concentrated Di stri but i on  wi th  F i e l d Strength and Emi tter Number 
Spec i fi ed 

4 . Spread Di st ri but i on  wi th Radi ated Power and Emi tter Dens i ty Speci fi ed 

5 .  Concentrated Di stri  bu t i  on w i th Radi ated Power and Emi tter Den s i ty 
Speci fi ed 

6. Concentrated Di st ri buti on wi th  Radi ated Power and Emi tter Number 
Speci f i ed 
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1 .  Spread Di s tr i bu t i o n  w i th F i e l d  Strength and Emi tter Den s i ty Spec i f ied 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

• Pr·�g 1· u1 POOHE - Cr.·•-p•J t e S  pow1l'- s•1111 jl gg r e g a t • I nt e r fert nce • 
• - - - - -- - - - - - - - into ' '' a·i rcr a f t  rec: 1 l ve1• f ro111 a 1 p1•ud • 
• �,. c�nc e nt r at td d i s t r ibut i on �f I de n t i c a l  e art h  s � r f a c e  • 

• 1 w i t t e ,.s,  a s syu i ng an oun l - d l r ec:t io>na l a i rcra f t  ant enna • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Choose Oyt py t fo,.111•t fl'ON t h e fol l ow i ng :  

• sc.-1er1 C p0:0we.- c.:·••pu t e d • t  •n er se l ec t ed a l t l t udt l 
� 11 p l •:•t C powtl" vs a l t i t ud e lOfJfJ t o> lt(1, 1)Qc) f t , ) 
•) • a b·:.rt P•'•>g r ara 
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� 

• E I RP 
2 • f i e l d s t re ng t h and r e f er e nce d l s t a nc:t 
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')60 

SuN\1a1•y of I nput s :  

I .  Out p•1t fc·l'•d&t , . . . . . . . . . . . . . . . . . 
Airc r a f t  a l t i t ud e  l f t l  • • • • • • • • •  

E•1l t t e1· d l st r l bu t  I on .,ode I 
E• i t t e r d e ns i t y ( p e r  acre l • • • • •  
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3l'•)l)•). 0•)(1(1 
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2 .  Concentrated D i st r i but i on w i t h  f i el d S trength and Emi tte r Den s i ty Spe c i f i ed 
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lw••hce ra9 ! 111 c1r. .. 1 • • • • • • • • •  , • • II). 001)1) 
(11 1 t hr fl!ftl lt)'  Cper acre I • • •  • •  . 0500 

I. [M i t t er freigueftCF C l'IH 1 i  , . . . .  , • •  

F i e l d  1trrr., a11 lu•o l t 1/111 t rr �  . • • 

O l 1t 1rc1 fr�• 1011rr:1 1 .. 1 t e1·0 · • •  

"O, OQM 
l�O. OOCIO 

31). 001)1) 

Oo rou " I sl\ to Cl\aft9 1 u.y ot &ht all�•t l nP\. 1 1  IT or HI ' 

I. (a l t  Ur fnQ11111c-y 11941 1  • • • •  , • • •  

F l t l &I  1 t ran9&h iuvo l t a/Mt l trl 

O l 1Unc1 ,...., '°"rcr l•• O•· • I  . .  

tf.0. 0001) 
11:.1). OCIOC• 

J0.0000 

Oo you •hi\ to cungr 11.y o t  tl\r & ll'>•t t1111u t 1  CT o•· NI l 
.. 

•nl"t t • l •  po.err rect l YeC: ,.....,.. t• i t Ur Cl i l t r i b••t ion • • •  

(Qu l va lent ftlllllltt• ot �C' l l c-c1 i 1c: •• l t t •··· . . . . . . . . . . . .  . 
C&l i rcr: t l r  ll>elw ;i i rcra t t l  

l l nt l • •• l t t c r  P')Wer recri w•O · · · · · · · · • • • • • • • • • • • • • • • •  

l •• l t t er ll l rect l y  •• l e-• 1 1 t·cr1 f t 1 
Aur• 1 • t e  p l 11• t h •g l tr  ••i l t e•· s>Y-••· rec r i •rd • • • • • • • • •  

-1 1 . �  ••• 

�. 

·ta. :.o at-• 
•I i . :.<'  o•• 
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3 .  Concentrated D i stri buti on w i th F i el d Strength and Emi tter N·umber Spec i fi ed 

a a a a 6 6 a a a 6 a 6 a 6 a a a a 6 I 6 a I 6 a I 6 6 6 a I • Pi;.ogra• POOl1£ - C-puh1 pow1r-111a aggregate i nh1• f1r1nc:1 I • _...___________ i nt o  an •lrcraft receiver fro• a spread • • or cor.centr•ted d i st r i but ion �f ldent i c•l earth surface • • 1wl t t11•11 u1u•ln11 •n o•ni-d irect lona l a ircra f t  •nhnna. • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • 

Choose out put fo1••.t frc;111 the fol lowlngl 

I • screen Cpow1r CGMpuhd •t 11111• H l 1ct1d • l t l hde l 
2 •. p l ot Cpc.w11· YI •l t l t ud1 1000 to 40, 000 f t .  I 
0 • •b.:.rt progr•• 

Chc;.:.11 1•l t hr d i st r i but ion -d1l 1 

2 ·  

l • SprHd e•i U 1r d i 1t rl b•1t l on 
2 "' Cor.c1ntr•hd e111 i & h1• dhtribuUc;n 
O • 1b.:.1•t proar•• 

Choose wh i ch l�put you w i sh to 1ntcr1 

2 

I • e11i Uer dens i t y  Cn11111be1• per acre> 
2 • t oh l nu•ber o f  •• i t t er1 
o • at»rt pr•)11,..• 

Choose 1•i t ter 1t r1ngth uni t 1 1  

2 

l • E I AP 
2 • f ie l d st reng th •nd reference d h hnce 0 • abort progr•• 

Enh1· n rcrdt a l t i t ude C f11t l ? 

1 :100 

Er1h1• the 1u1•hc1 rad i u1 Ck•d ? 

I •) 

Enter the tot•l nu•b•r of e111i t t 1r1 ? 

10000 

Enter the f i e l d  1tr1ngth Cwic1•c;vo l t 1  per Met er) , 
fol lowed by the d l ahnc:e l•et11•1I •t which t h i s  
f i eld 1tr1ngth h observed fa·OM the source ? 

12�0 

JO 
Er.t ar the 11d U er frequency l l'Uh l  ? 
960 

su-•a·y of i r1put 1 1  

t .  011tput foo•••t • • • • • • • • • •  , • • • • • • •  

Alrcr•fl a l t i t ude l f t l  • • • • • • • • •  

E•l t hr d i st d 1111t lon W.:·de l  • • • • •  

Surf•c• r•d i •ll ...... , • • • • • • • • • • • •  

1->ld nu•ber o f  eM I U e1·1 . . . . .  . .  

2. EMU t er freq•1er.cy ltlH; I • •  , , • • • •  

F i e l d 1trength cuvo l t s/Meterl 
Dhhnc• tr.;.M 10•11·c1 h1et er1I • •  

Sc1·een 
1:;00. 0000 

Cc;ncer.trded 
10. 1)4)<)1) 

10000 

'jf.l), lj4)(N) 
i l:i(l,(,11)(11) 

l•). l)l)l)lj 

Do you whh t o  ch•nge •ny o f  the •ll-:.v1 i nput &  C V  01• HI ? 

2. E• l t hr freq•11ncy C ... h l  • • • • • • • •  

f i e l d strength cuvol t 1/111eterl 
D l ahnc:• tro• m;o11rce lMet1r1I 

'JE.0. 001)4) 
1.::;0. 0000 

ll). ()')•)<) 

Do> yo11 whh to ch•r•ll• •ny c;f the •l»ve i r.p•1 t 1  CY 01• HI ? 
n 

A911r111•t e powe1• rece l ved f1·- cwi t t er di s t r i  but iora , • •  

Eq11ivdent n•1wbe1" �f c·> l l �c:&t ed e• l t t er11 • • • • • • • • • • • • •  

(d i rect l y  be l ,•w • h·crd t l  • 

S l 119 l e  c111i t t e1• p.;wer rece ived . . . . . . .  " . . . . . . . . . . . . . . . .  
l c• l t t e1· d i rec t l y  be l ·>w • i 1·c,.. r t 1  

Aggreg a t e  p l •11 s i;.g·I� ... u t tr p-:.wc1· reci: i ved . . . . . . .  . . 

·, 

-77 . �7 dB• 

l i?<J. 

-18. :18 dB,. 

-77. H d[<" 
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4 .  Spread D i str ibut ion wi th Rad i a ted Power and Emi tter Dens ity Spec i fi ed 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• Progra111 PDOME - Co111putes power-suni aggregate l nt er ferenCEi • 
• ------------- i n t o  an a i 1•craft receiver fro111 a spread • 
• or concent rat ed d i s t r i but ion of i dent i c a l  earth sur face • 
• e1d t t ers, assuasing an omn i -d i rect i ona l a i rcraft antenna. • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Choose output for111a t  frow t he fo l l ow i ng :  

1 • screen < power computed a t  user se l ec t ed a l t i t ude) 
2 • p l ot < power v s  a l t i t ude 1000 t o  40, 000 f t . > 
0 • abort; progra111 

Choose em i t ter d i st r i but i on mode l :  

1 • Spread e111! t t er d i st 1• i but ion 
2 • Concent r�t ed em i t t er d i st r i but i on 
0 • abort program 

Choose e111 i t t e1• streng t h  un i t s :  

1 • E I RP 

2 • f i e l d  s t reng t h  arid re ference d i s t ance 
0 a abort program 

Enter a i rcraft a l t i t ude ( feet > ? 

30000 

Enter em i t t er d ensi t y (number/acre> ? 
• 1 

Er1ter the E I RP ! dBrnl ? 

- 1 3  

Enter the er11i t t er frequency < MH � l  ? 

1 750 

Sumrnary o f  i nput s ;  

1 .  Out put format • • • • • • • • • • • • • • . . • •  

A ircraft a l t i t ude < f t l  • • • • • • • • • 

Em i t t er d i st ri but ion mod e l  
E111 i t t er dens i t y ! p.ir acre> • • • • •  

2. Em i t t er frequency !MHz}  • • • • • • • •  

E l  RP l d 8ht l • • • • • • • • • • • • • • • • • • • • •  

Screen 
30000. 00•)0 

Spread 
. 1 000 

1 750. 0000 

- 1 3. 0001) 

Do you w i sh t o  change any of t he above i nptJts !Y or N I  7 
n 

Ag gregat e poHer rece i ved frora er11 i t t er d i st r i but i on . . •  

Eq u i va l ent n•Jh1ber o f  co l l ocated em i t t ers . . . . . . . . . . . .  , 
( d i rect l y  be l ow a i rcra ft ) 

S i ng l e  em i t t er power rec e i ved • • • • • • • • • • • • • • • • • • • • • • • •  

<erll i t t er d i rect 1 y be l ow a i rcra f t > 
Aggreg a t e  p l us s i n g l e  em i t t er power rece i ved . . . . . . . . .  

-e2 . 6 1t  d Bm 

488 1 !i .  

- 1 29. 5 2  dBtd 

-82. 64 d Btn 
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5 .  Concentrated D i s tr i but i on wi th Rad iated Power and Emi tter Dens i ty Spec i fi ed 

• • •  • . • . e e .  e .  e • • • • • • • • • • • •  e • • • • • • 

• Protr•• P� • C:O.pulet pototr-tw. •1gre1•t1 lnt1rler1nc1 e 
. e - � Int o  an a ircraft r•c•lver fro. a 1pr1ad • 

e er corc1ntret ... d l tl r l but l on of l d•nl lc al ••r•h turface • 
• .. 1 t t 1r1, 11 1U11l ng an Ot1nl-dlr1cl lol\ll 1 lrcr1ft '"''""'· e 
t I a f I e t t f t f t t t t t t t I e I t a t t t t t t t f 

Choose OUlll'lt fo.-..t frote lht fol lowlntl 

I • tcrten lpoNtr COt1put1d at uttr 1 1 l ec l td a l t l lude t 
l • plot !power v1 a l l lludr 1000 lo ,o, ooo It. I 
O • abort p'"'29ra• 

Choot• .. l , ttr d l 1lrlbul lon ltOdtl l  
I • Spread .. 1 t t 1r dl1lrlbut l on 
I • torc1nt r 1 t 1d •• I l l er d l tlrlb�t lon 
0 • abort pro1r .. 

I 

Ch<>0t• -'> l ch lnpu' you '-f•h le 1nh1•1 

I • ••I l l er d • n• U r  lflu•b•" per acrtl 
I • t ot a l flu•btr ti t•l l l trt 
Q • al»rt pro1re• 

.. 
Choott 1•l l l 1r 1lr1n9lh unl l 1 1  

I • E I RP  
I • tl eld e t rength afld rtf1r1nce d l 1 tanc1 
0 • abor' protr .. 

Ent er a ircraft a l t l l ud1 lleell 1 
''°° 

fnter the 1urrac1 radlut lk•I 1 
1 0  

Inter e•l t l er d1n1ltr lnu.!Mr/acr1t 1 
• • 

I • 

Cnt1r th1 EIRP ldl�t 1 
-ll 

(nte� \ht 1111 l t t 1r fre-quar>c:y IHl 1 I  1 
a no  

s .... arr t i  lnput 1 1  

I. Ovtp�t tor-eat • • • • • • • • • • • • • • • • • • Scre•ft 
Al �r•fl alt i tude ' ' ' I  • • • • • • • • •  l �O . OoQQ 
E• l t t 1r d l 1 t r l but lon "<>d e l  , , , , ,  Corcent rat ed 
Surface radlut t••t • • • • • • • • • • • •  10. 000-> 
(•l t l 1r dtnt l ly  lptr acrtl  , , , , ,  . 1000 

I, (9 1 t t er frequency lt'ff1 I  • • • • • • • •  

£ IRP ldl•I • • • • • • •  • • • • • • • • • • • •  • • 

1 1 31). 00<><> 
- u. oooo 

Oo you w i th lo ch•ntt ony ef the obove lnpul t IY OI' "' 

1 .. 1 u er dtn• Ui '''" •crtl " " '  
I. l•l l t er frt•u•rcr lt'ff1 I  • • • • • • • •  

l l llP  ldl•I • • • • • • • • • • • • • • • • • • • • •  

. 1000 

I 1'•>. Oc>OO 
- l l. 0000 

Do )'OU """ lo �ll•nt• '"Y of lhe •• ., ... ' """' ' CY 0" NI ' 
" 

A11r1 1 1t 1 po,..r recei ved lroo t•l l t tr dl a t r l but l on • • •  -u. �o •O•• 

l•vl v a l tnl fl••hr of col l oc •h d -I l l er• • • •  . . .  . .  . .  . . .  tOf). 
ldlritet l r  bt l e-<  a lrcrdt l . 

l l n1 l e  ... . , , ,,. �-•r r•C t l wtf • • • • • • • • • •  .. • • • • • • • • •  • • • •  · l l'J. �I) ,,. 
le•l t t er d l r ite l l r  b • I �� • l "c" ' ' ' '  

A11r11at1 p l 11 1  1 l n9 l t  t• l l t t r  powc,. rcc a l vtd • • • • • • • • •  ·U. \ S  dloo 
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6 .  Concentrated D i stri bu t i on w i th Radi ated Power a nd Emi tter Number Spec1 f1ed 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• Proar•• PDOttl • Co•pul H poN1r-•u• 119re1n1 l nhrter1nc1 • 
1 -----�----� Into en aircraft receiver fr.,. a 1pr11d • 
• or c�nc•nlr1led dla&rlbullon of Ident ical earth 1urfac1 • 
o ••I l l er•, •••u•ln1 an o•nl-dlr1cl lonal alrcrafl 1nlenn1. o 
• • • • • • • • • • • • • • • • • • • e • • • • • • • • • • • 

Choo11 output for••• fro• the tol lowlntl 

I • 1cr11n lpower co•puted at u11r ltlected al t l tud1I 
t • plot lpower VI '" Uud1 1000 ,. ,o, ooo· "· I 
0 • ab->•·• p1·01r•• 

" Choose ••I l l er d l 1lr lbullon llOCl1l1 

I 

I • lpr11d l•ltltr dlttrlbutlon 
I • Conc1ntral1d ••ltter dl 1lrlbul lon 
0 • abort pro1r1• 

Choe.st which Input you wl1h to 1nl1r1 

I 

I e e•l t l t, .d1n1itr lnu•ber per acrel 
I • total nu•ber or ••Uhri 
0 • abort pro9ra• 

Cho-:.st 1•ltl1r 1tr1n9lh unll11 

I • f:lllP 
I • f i e l d  1tr1n9lh and r1f1r1nc:1 dl1t 1nce 
O • •bort proera• 

Enter &lrcnn 1U Uude UHU l 
l :SOO 

Enter the surface radius lli•l 1 
ll) 

Er1hi: the total noJMber of ••l l t ers 1 
:10•)1) 

Enter the EIRP CdD•l ? 
- l l  

Er1te1· the e•U ter freq•.urncy lt!M: » 11 
1 750 

lu .. 1rr of lnput1 1  

I.  OulpUt lor••t • o • • • • • • • • • • • • • • • •  

Aircraft a l t i t ude &ftl  . ; • •  , , , , ,  

(•Iller d l 1trlbullon llOdtl • • • • •  

lurlac• r1dlu1 lk•I • • • • • • • • • • • •  

total nuaber o f  1•l t ter1 • • • • • • •  

t. l•I Utr t1·111u1nc,. i11Hal . . . . . . . .  
EIAP ldl•I • •  • •  • • •  • .  • •  • • . • •  • • • • •  

lcrun 
.,00,0000 

Co>nc1ntr1hd 
10. 0000 

,000 

1 1'°. 000I> 
-U. 0004> 

� you •Ith lo chant• an,. of Jh• a�vt Inputs lY or HI I 

fol 1 I  ftUIOber of 1•ll l1r1 • • • • • • •  

I .  l•l tltr frequencr !tlfal • • • • • • • •  

llAP Idled o o o • • • • ia • • • • • • • • • • • • •  

� 
1 1'0. 0000 

•ll. OOOo> 

II.a ,. • .,. whh to chan91 eny of lht abo>v1 lnp•aU IY or HI I 
n 

A91r19alt p.:.•1r ncel vtd frOM 1alU1r dhlrlb•alton • • •  

lcaulv1lent nu•ber o f  c�lloc•lae ••ll ttrl • • • • • • • • • • • • •  
ldlrect ly below a lrcr& tl l 

1 1 "1 1 •  1al t t 1r P�••• r•c1tv1d a • • • • • • • • • • o • • • • • • • • • • • •  

la•ll l ao• d l recUy !lei� &lrcr•O I  
A91ra91t1 pl•H •ln9i1 t•U ta1• p.:. .. eo• r1c1lv1d . . . . . . . .  . 

\, 

-lS. " .... 
u. 

-IOl. 'O di•• 

-n.J' ••• 
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