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Thi~ report cover~ thP. investi~ati~ns rPquecteA by 
reference (1) of interfPrPnce between VRF comtmlllication am IPF 
identification equipments. Reference (2) is an interim report 
on this problem, and covers the results of a stud~ of antenna 
relocation techniques for suppressing such interference. 

The results of these inve~tigRtions reve~led that mutual 
VHF- IFF interference was caused almost entirely by rf\diation and 
pick-up b~ the antenna of the VHF-IFF equipments. RePsons for 
such interference are: 

(a) 

(b) 

Emission of spurious signals on freQuencies 
other thrui the fundamentP1 by the trnnsmitting 
sections of these equipments. 
InadequatP selPctivity of the receiving sections 
of these equipments resulting in reception of 
adjacent ch~.nnel trA.nsmissiona. 

Speciru. antenna networks developed by the NRL Airborne 
Interference Oroup are described which successfully solve this 
interference problem with a mini~um ef~ect on the o-pP.ration of 
either the commu.nicPtion or the IFF equi't;>mAnts. The networks 
are compact, reouirP. no instFlllation t>djustments or maintenAnce, 
and a.re instrtl led as a simple adA.ptor 11nit in the antenna trans­
mission lines of both equinments . Attention is directed to the 
applic;:i.tion of these networks, and other t;vpP. s of transmission-
1 ine Mtenn~ networks morP. recently developed, to the inter~erence 
correction problem cov~ring the Airborne Early Yarning (AEW) pro­
gr;,im. 

Since rPfPrence (4) shows th~t most N~Tal elPctronic 
equipments a.re subject to silllilAr antenna path 1ntAr1.'erence actions, 
application of such tPchnlqu~s and correctivA d~•ic~s, as describe~ 
herein, is recom~nded f~r eH.min~tirin of antenn~ path interferences 
to other Naval electronic systems. 

-b-
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INTJtODUCTION 

1. Various fleet PC ti vi tiPs hAd reportPd serious mutual inter-
ference betwePn Pirborn VF:!' com"!nl.niCPtion trPnscf'i vears And airborne 
IFF sets . This intPrference consistPo of excPssivP noise in the VRF 
receivers caused by thP !FF tra.nsmitting sections , blocking of the 
!FF displAY on? rAdar screPn, and exce~~ive tri~ering of the !FF 
eq "lipments by the V1P' tr?nsmitter sections. Such mutuAl interferences 
not onlv compromi~e the performance of both equipments, but in the cPse 
of the IFF, pr?cticPlly negated its tacticAl use . 

~. The VRF cor.11T1u.nicPti1m equi"0"38nts include AP/ARC- 1 , AN/ARC- 4 
P.nd KN/ARC-5, while the !:F'F SPts include A.'l{/AFX-1 Prrl Al!IA:Px- ?.. A 
chart of the freouency rA.ngP Pnd power output of e8ch sPt naJ"led above 
is shown on Plate 1. It should be noted thPt , 'While thP VHF sets are 
rather conventional tra.nsrni tter-rP.ceivers for voice co.,rnmic~.tir,n pur­
poses, the A..~IAPX-1 is P special pulsed trP.ns~itter-receiver for identi­
fication purposes Rnd the A.~/APX-2 includes !?!Q._ trPnsmittf'r-receivers 
for such purposPs within one c~se. 

3. An initiPl attempt to solvP the interf~rence problem by an-
tenna spacing methods is reported in reference(?.), ~n interim report 
on the subject problem. Thte reference concluded thRt 11 •••• incre:>sed 
e.ntenne spacings ere .... . ef~ective in !)Artially reducin~ the inter­
ference effects • .. . ·", however, the results obtRined werP limited in 
applicetion. and in benefit, Reference (2) full~ covP.rs the entire antenna 
relocation experiments and indicates that the effor ts of the ,irroup might 
be more fruitful if directed t01'1ard the devPlopment of antenna networks 
to alleviate thP in~erferenc~~ nes~ite the discoureging reports on such 
projects from other ~ps, which l'U"e also quoted in refPr ence (2). 
The nnterial rPportPd hPreih, therefore , covers further me~~urements 
conducted o~ interference levels ~nd Trequency distributions of the 
radiP. t i o~~ ~ro., thP VR~- !FF equipments, and dPecribPs the successful 
neveloo~ent 0f such Pnten!\EI nPt~orks for the VFF-!Jl'F frequency range, 
100 to n;, me/ s . 

4 . The directi've of rPference (1) ~.ssigtli~ ProblPrn A7.08T-C 
reouested }lRL "to inve8ti~E>tP intnfP!'ence fro,,, Al<T/J.:RC-4, .AN/ARC- 1 
and the VF1i' conrponf>n t , ~ of A..~/ ARC-5 to the A.W. / A:PX- ?. • • . • . . 11nd to de­
termine the l"\O~t l'f'ltisfPctory "lf'thor of elimin~ting this interference". 
The intent of thP .:'RL invf>sti~tions wi>s to pt'ovide P corrective for 
this interferPnCP ~~ich w~uld, As far ~s pos~ible : 

(a) All°"' compl1>tf'lly :nOTl'!l;\l operPtiOn of thP 17'F'F-!FY' 
eq 1.rl :p!'len ts. 

- 1 -
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(b) SttpprP-ss the mutuPl interferencP to Pn 11cceptRble 
level or lower . 

(c) Allow no restrictions P~ to thP plPceMPnt of the 
PntPnnAA of thP equip1"P.nts on thP plP,ne . 

(d) BP of thP n,iture thP.t would not require SPpP.rate 
operPtion or constl'I.Ilt adjustment, i .e, . , A 11pl'lss-
1ve" t:vpe of cor ... ective thl'l-t nef'd merE>lY b€' in­
stPlled. 

INTER:F'ERmrcE SURV!l.:Y 

5. It WP.s PPS:V to -provE> thPt the major tntPrfPrPnce prA!'lent 
between the equio!"'f'n .. s WPR rP.diPted Pnd picked up vi~ thP Rntenna 
p~ths by merely rPplMin~ PPch entennP with~ ~hiPlded du~mv load. 
Therefore, eP.ch PqUi'9"lent opPrPtP.d norm11ll~ except thPt no rRdiP.tions 
could enter or le~ve the equi~rnents viR the antPnna -path. Under these 
conditions, only R slight residual levPl of intPrfPrPnce wAs present, 
CAused bv powPr line noisP And case rP.diFltion!'I. As determined by the 
survey nethods outlined bPlow, thP rPPsons for such inte.rferPnce were: 

(e.) EmisAion of frourious l'lignp.ls on frpquenci.P~ 
othPr thRn tJ-iP +'1.mdPrriPn~Al l)•r ._h.,. trPnslllittill#< 
s 0 cti.ons of' thPSP Paui.p~Pnts. 

( b) InPdeqUPi:P sPlPctivi t~r of thP rPCP.i vi.n,!? sPctions 
of th.:>M eq11ipments resulting in reception of 
adjacPnt ch~nn~l transmissions, 

6. In ordE>r to determine the nature And extPnt rf' thP interfer-
ence betw,pn the VRJi' P.nd IFF airborne equiomPnts , surVPYS werP conducted 
using the equi~ments. The survey method.s Rnd test equip~nt used, PS 
outlined below, ht.>.VP known liTllitittions and iM.CcurPcies, but WPre. 
chosPn for convenient comparative usl'I and proved P:xtrPmPlV vAlUPble 
for gAthering Rnd l'nelyzing the interfE>rencP date.. ThP success of the 
correct! ve networks, vhich werf! subseq11ently dPveloped f r om such data, 
proved at leAst thA limited vPlldity of ~he survAy techniquPs , 

7. The VHF i-nd IFF equipr.tents were ~Pt up find opPr11.tf'd on a 
test bench with thf'ir respective Rntenn~.s spPced Ppr.>rnximAtPl v 15 feet 
flpP..rt, Efl.Ch equip,nFmt Wf!.S c~refal ly inspected to ins•.1rp normAl 0pf'rA.t­
ing conditions. ThP tPst P.q•.1iYJMent consi~tPd o+" A. broPd bPnd. quro-ter­
wFtve ~tub anten.t1P 11~Pd with an RDO superhetron.vne recei VPr i:ts a 
sePrch receivPr, <:'wo luT'lpPd constPnt t:vpe wt>.VP trRps ('!i'-19/UPR) hPving 
a rP.nge of 80 to 30~ mc/s, w0 rP operated in S"'riPs with the receiving 
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PntennP for identification of spurious signals from thP particular trens­
mitter under investigation. If a strongfundP.Jllentru. sign.Al (fo) blocked 
the receiver, one of the traps would be tuned to the blocking signal, 
while the second trap w~uld bP used for the identification of spurious 
responses within range of th0 Recond trap . Two transmission line traps 
(F-20/UPR) hRving a rA...'lgE> of ~f"f" to ~()()Q me/ s werP opP.rAtPd in S('ries 
with the recei. ving antenna Md the lumped const,:,nt traps int he saim 
manner a.s described El.bove. '11h.is !'lethod of identifyin{! spurious sig-
nals, when used with CPreful discretion, drPred a very reliPble means 
of eliminating all "birdiPs" or f~lse responsPa in the rPceivPr causPd 
by IF image responsA s, overloPding d the input and mixer stages, etc. 
Signal generators of both the puise and cw t:vpes were used during the 
investigations for dPtermining the relAtive magnitu~e of spurious em­
issi~ns from eauip~ents under investigPtion. This wPs Pccomplished by 
matching the spurious received eign~ls on an oscilloscopP, substitnting 
an artificial si{!11al from P. aign::i.l g8nPrator and ma.tchin~ 1 ts Rmpli tude 
with thRt of the inco~ing i~terfering. signpl . The mPnner in which the 
equipments ~~re ArrPngea for this survey is shown on Plate@? And 3. 

~. Simila.r survey metho~s wPrP usPd in connPction with the in-
terference work on thP J,J!,•1 svstel'l l'\S reported in rPfPrPnCA!' ( ~) and (4). 
In referPnce (4), a more COJl'fPlete ~.nelysis is mPde of thP limit~tions 
and usefulness of tri.is method of survey am meAsurPment. 

9. The dat~ obtalned from t.hP rPsults of thP intPrferPnce sur-
veys has been plottPd on Plates 5 to 11 inclu~ivP. PlatPs 5, 9. 10 
and 11 show the 'frequency spectrUJT1 o+' +.he antpnnA rP11(HAtions from the 
A.~/APX-2 and AJY/KRC-1 equi~rnents, ruid the effect of insPrting filters 
in the n~tenna trAnsmission lines of the equipmPnts. In eRch CAse, 
it should be noted that interferences from the VHF or IJl".li' equi-pments 
whic~ occur in the IFF or VHF bAnds respectively, ~re completely elim­
inated with the insertion 0f the proper filter. 

10. The t;vpe of interference e~erienced bv the AlT/APX-l or -2, 
IFF equipment, is illu~trRted bv the photogr8'phs on Pl~te 4. These are 
photographs of the displa.v of an IF.F emergency response (lon~ pul~e) on 
an oscilloscope screen, with the IFF interrogt'ltor triggering a marby 
test transponder. Figure 2 on PlRte 4 shows thP P:ictrPme blocking of 
the IFF response on thP ~creen of the indicRtor cAused ey- the presence 
of interfering signa.ls from an >Ji(/AB.C-1 equipment. In contract to this, 
Figure 1 on Plat.e 4, shows a picture of a "nor~Rl" displPY of the !FF 
response. This ttnarrnal" display wRs obtP.ined merPly by inserting a 
pair of proper ant~nna nPtworks in the WF and In' antenna lines in the 
presence of the same interference whtch blocke~ the. picture in Figure 2. 
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'T'liis 11nnrl"l--"1" n.is;)lFt:V c:>nnot l)p r1.istiri1?Uished. frnM :-1 T)icturP of inter­
fPrPncc-frPP OyPrPtion nf thP I1<'Y Poui~mPnt, i.P., with thP Af.T/MC-1 
eouiTJMent 0ff. v~ry J'Tluch the SP!'le t~TPfl of intP-rfPrPncP. rP-sults Ps 

s'n.o~ on PlPtP.!'3 9, 10, Pnd 11, wPrP f;unn. ,,rhPn using thP MT/J.:RC~4 Pna. 
th0 AN/ARC-5 c0~.,,unicPtion trAnsmitters. 

!TETWORK DESIG~T 

11. A theoretic::>l Pn;:,.lysis nf filtPr nP.tworks CPn bP f0unr1 in 1'!1M'' 
tP:xts rm comMunicrtion circuits such Ps 11C()Mr.m.nic.,,,tirm EneinPPring11 by 
N. L. Everitt 0r 1100"1rriunicPti"'ln N"etworks11 bv E.A. GuilleMin. The ;:,,ctw.l 
e~u~tions Pre n0t derivea 'ner P, but ~re SUn'\n'\erizPd on thP ch::>.rt included 
ns Pln.te 16. :"1Jr P"Ch l1Jw pPss ;:,,nd high 1:)PSS nPt,.,ork, thP !)r0t0tvne 
secti0n, the 11Tl1 11 deriven. sPctions , ~.nd the ret'l.rrPngPrl. 11M11 derived sectirms 
Ft.re dr;,.wn . Als0, the c0rreRpr.ncHn1? fnrmulP.!'\ f0r iJTT?E'!dPnce Pnd P.ttenu­
Pti~n ;:,..re listed fnr PPCh nPt~ork. It ~hnuln. bP nnticPd that the intr0-
a.ucti0n nf the 111"'!:11 nP.rf'Metflr /l')es nl')t p.ffPCt thP iT'f?POPnCP chRracteristic 
but does affect thP Pttenu:>tinn very Much . The PX,rPssion fnr attenu­
?ti0n is {!.:i vnn in tPrTT1s ')f l'I h:v,Prbnlic function. Rowe>vPr, the Pttenu­
Ption fP.ctor, x, while PJa?rPssen in ne---iers, c1=1n rPPn.il:v bP cnl'T".)utea. fr~M 
t::>.bles P.nil. Cf'.n bP cnnvP-rter1. fr"'l"l neT")ers to n.f'cibPll'l b:v thP f ~.ctor, 8.686. 
Therefore, th£> thpnrpt-1.cl'.l iJ'!l11prlf'nce. Ei.nr1 nttP.'1UP.ti."'n chari:tctPristics l')f 
thesn sections cP.n bP cnl'T'fI)uten Pnn. erP,:iheii .• 

12. Pl;,.tP 17 sh<"ws cUI'VPS 0f eqt1Ptinns (1) pnrl {4) +-rnrn PlP.tP 16 
witjf//c PS th£> frpq11enc,.1 !"CPlP, wherP f c is thP cut-off frPouency, :,nd 
Z"'/ 2L O P .S thP nrr1 in1:1.+-.P., W).PTP ~re is thA zern-frP.qUPnCY Chf!racter­
istic iTYlfl<i.P.ncP 0f thP nPt1,rnrk. It c::i.n OP. sPPn thPt , '1lottPn. in this 
MPnner, cquP,ti.nns (5) ::inn (A) nfl the re>ciT)rnc::i.ls r"lf equati1ms (1) ::ind 
(4) r<-'S')ectivPlY, Mn. thR+; the frPouFmcy fPct0rs are Also in"P.rt!'!n •• 
"l'.'b.rrpfrirc, 'lnf' sPt of iJ'l'nAnPna,, curvPs cnn+,::iin!'I ::i.11 thP i.nf0r!l'\:=t.tion for 
Pll thr· in )" rlpncP POUFltinns bv T'r\PrPl:V •1sin1? thP '">Tl't"lPr iJllnpnPnce .<'l,nn. 
fren11o·• c~r R':l'lP s. :n'or thP cur,TPS J'l,S ".>l0t+.Pn i n PlatP 17, thP imen1>ncc 
,,.,,luf' s f 0r 11 ~ 11 !'if'Cti0n nPtw"lr~s :=t.rP. thP. rPcinrncPls nf thP inrl.icf'te<i. 
sc1>le ~rr,1 11.rs. In thP CP.SP r,f l-ti.P-h-"'?PS!'I nf!twor'k:s nPrivpn fr0l!l 11T" or 
11Pi 11 secti"n ·,rnt'"ltV:>P.!'i, thP sRme curvPs ro-e 11sP.r1, ,,rith (a) thP rPci~­
r'"ICPl 0f thr frPqUPncy ~CPlfl shn"G Pn~ (h) thP nrn"9er ch0icP nf iITl])en.­
P.ncc scPle> ~E''Jent'l.ing nn 1.orhethP-r thP sPcti"n is F1, 11 rr:'t1 or ''Pi 11 ,:,r0t()t:lfl.)f! • 
The l'l.ttenu;,,tinn C'1rVP!l arP. thi:> SP"lP f0r 11~ 11 nr 11Pi 11 s;Pcti"lns, l)ut the 
frE1qucncy scPle i~ !:ll'l shown, 0r invPrten., n.e'1enrlinP..' rin 1.rhpthPr the 
secti'"ln is l')w or hicil 9Pss rPspectivPlY• 

13. A::,::,enclix l i~clurles Fl. rle>vPlnpJTf'nt rif PI+ p_cti+R1 network fr0:r.i 
the eqUAtions Pl!l.il Ap ~ifm fP.ct0rs nf PlPtPs l~ f'nrl l?. '!'his Ap·1pnrl.ix 
Plso ,1 e scribt?t'I th;, "lrth"ln.s '"If ()btA.inin/? cl'lsP frPquency tnlel,'P.nce re­
srm;:,nt circuits frf"\'11 thf' cnM".>UtPrl. L Pnrl C ~rP.lUPs. Cnn!ltructinn;::,l ii.e­
t.nils anrl elf'Ctric;,,l s".l ."Cific::i.tirins nf both thP hi.i!!'.h Pnrl. l"w ".l:-1.ss net ­
works -".re r.otrdlerl in rrff'lrf!nce (7). It sh,.,uln. bP -;:>"intpn nut , tht1,t 

- 4 -
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an extension of the u~ual de~ign proceaures n8ed i n dete~mining network con­
stants from the theoreticR.l i'!T9edPnce curves en,s:ibled the ""TRL p:roup to 
obtain ver:v good impedencP. T11atchinp: and vAry sharp filtf!r cut-off char­
acteri sties within rPstrictf'a_ frequency lirni t!'I. 'l'his E"XtPn~ion was 
d eveloped b" thP "'RL e:roup an<'l is also describPa in Ap"J?P.ndix I. Circuit 
diaeri:ims, attem1Atil"ln curvP~ and photop:n,n:,hs of thP nP.tworks finally 
u~fla for corrPc+.in.9' thP il'P''ll'- I:,Ml' interfPrPnCf! PrP l'lhown on PlPtP.~ 12 throu/dl 
15, Ji'rom thP PttPntlPtion curv"' s frir thP n1>t1,,or~~ shown on PlFttP. 1~, 1 t 
cnn bP SP"'n th.<i.t th<> in!'IPrtion loss in thA tr.c:insmission b.<ind of ei thP.r 
PQUipmE>nt CP1-1sPd by i.nt,roducinp: thP nf!twor'rs in thP t'lnt"'nnP linl"'s is ever y­
wher f! less thPn 8. !5 a.b P nn. PVPrr:a(!.Ps 1=rr;,'Oroxim:1.tPly 1 . 0 d.b . 'I'he P.ttenuPtion 
of signPls in thP s1rnprPssion bPnil. exCPAI" s 5() db which is A.lmost n. hP1f­
millirin timrs rPduction in powP.r . mhP. Pctur>.l rPc:ul tl'I in terms of inter­
f~r0nc e reauction hP~ bP 0 n pointPd out PbOVP in PPrPp:rnph 9. 

14. ThP nPtworlts RTF! fi:,rPd P,d:>ptor- t•rpf! unit!'!, whi.ch do not r0Quire 
;e,ny .<1,djustmE'nt or fl.li,mniP.nt, Pnd Ft.re mPrPlY in~PrtPd into thP P.ntPnn1>. 
tr:-1,nsmission linE' ;:iny plnce bPtwPPn thf' f>QuipmPnt i.::,nd thP antPnnFl.. The 
F-'7.?/A:R.0-1 low-pas!': nPtwork ,,,.,,s insi-.PllP.d in thf> PntPnn"' trP-nsmission line 
of thP AN/ARC- 1, .A}.T/KRC- 4, or A"T/J.:P.C-5 communicPtion SPts 1=1.na_ ,s:illowed free 
tr.<insmission oi" powP.r f'rom l,.00 to 147 me/ s whilP h i ghly suppressing Pny 
rndintion betwPPn 156 ~nd 212 mc/s. The ~- ~~/APX- 1~ hi~-p,:,sc: networ k 
,.,,..s instPJ.led in thP Rntf>nna tra.nsmission line of thP Al!/APX-1, ~/A'FX- 2, 
or AM/ .A:PX- 13 SP ts -"'nd Pl lowed fr Pf! trP.nsmission of powPr from 1S6 to 212 
me/ s while highly i:1uppressing ;,,ny rPdiP+,i ,m b PtWPP.n lN) P.nd 146 me/ s. 
Thus, with t'l. 10 rnc/ s 11"bu.ffer OPnd11 bet,,,f!Pn thP VVF Pnd I'!i'J<' bPnds, the . 
two r.ntennPs of thf> two f!quip1Ttents h.<>vP bePn complPtAlv iMlPted in fre­
quency resp0nsf> l'lnd they rnPY thf!n bf> locPted Pt prPcticPlly ,my pJ.P.ce on 
en A.irplPnf' with only onP or two fpp t sPpP.r:c\tion without Pxperiencing mut­
UP,l in t~rfE>rP.nce. 

15. ':':hP Pn+,Pnn,s:,. nehrorks de~cribPd hAr Pin , which '-'PTP dPveloped .<>s 
corrf'cti Vf'S f0r vv:F-IFF intPrf PrPnCf', hPVP bPPn i::"1.nwn to provide Ft highly 
pfficient TflN'"'lS oi" rPdueinp: .!-'>nt:Pnn.<> intPrl'lctirm~ bPtwPPn VR'li' Pnd !FF 
P.quiprnP.nts in +.hP 100 to ~l~ rnc/s bnnd .. l,J'o stwv w~~ l'l\<'l.dP of the power 
lin('> Pnd c.<>.sP rPdiPtPd intPrft>rPnCP PXisting betwPPn t,hPi::P PQ•linmPnts 
bPC/'1,11s11 its "IPgnitude wPs M J'!luch S'l\Pllf!r thPn thP FintPnnl'l interference, 
its e ffect on m1:1.l-f11.nc+,i0ning rf thP. eouinrnent 1,r.<>s !Tluch l.Psi:1 disruptive, 
nnd "'lethods f0r rPd.11cinp: Pn<'t eliminPting it WPrP mown . ~vPn 1.rithout 
a.tteMptinp: corrPcti'">ns 0f' thP v~ri0us nnn-antPnn-"' intflrfPrPnce pA,ths, 
the use of thP Ant;Pn"l? nPt·w1·,•];,_:H in thP 1rTJli' l'lnd IW Pq_ui-omf!nts r i>sulted 
in a r Pduction '">f thP rnutwl i 'ltPrff'rPnCP t') such an PXtPnt thFtt2 

(l"J Thi> critrrpl. 0 tP lf_:€: .. . :=:12 rr.c/s opP.rl'lting bf3nd of the 
I:17 POUi'D1'1P.r'.1, ·i.,;Ps not bl11ckP.d, :f'PlsPly intArrogA.tf!d , 
or in~PrrQptPd in ~"0P r~ti0n bv USP nf PnY VHF com­
m•i~i.J ,,.. thn ch-"nnP.l +'rom lf"in t'> 145 mc/s . 
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(b) ~he entire 10~-146 mc/s operati~ bPno w;:is made 
a.vEii l;:i.ble for unrestrictt>d. Vl?F communice.tion 
use 1.1ri thout interferflnce from !FF eq11ipinents. 

(c) Normal opera~ions were obtained irre~pective of the 
locBtion of thP antenna of either eouipment on 
the pl!=!ne. 

(d) The PVerPge loss in sensitivity or ~owPr output over 
the entire operating band of either equipment cRused 
by insertin~ these networks in their rPsppctive 
~ntPnM. trPnsmi ssion lines Pr•OuntPd to lPss thP.n 
1.n db. The l?f'eatest loss expen~ftee& (neor cut-off) 
wP s lPss thA.n ~.5 db . 

16. These successful results were PchievPd, notwithstPnding pub-
lished reports concl_uding thPt such operntion (of thP. VFF-IFF equip­
ments) would bfl impossible without plPcing ;:i, wide 1buffpr' bPnd betwePn 
the VHF Pnd IFF bPnds Pnd thAt it W:"S 11considerPd imprncticPl to solve 
this (interfert>nce) proolern b:v thP usP of filter~ •....• 11 • (References 
5 and 6.) It is importF>nt to note th;i.t con+.inuPd rPsP.<1.rch on antenna 
networks by the sMIP InterfPrPnce 0-roup, involving thP. USP of tr.t1nsmission 
line section~ And distributPd o:mst:1n ts, ht>s rPsul tPd in thf! dPvel0prnent 
of newer types of ne+.,,rorks 'lrhich hrtvP. evPn grPPtP.r pf+'iciPnc:v Rnd util­
izt=1,tion factors rind A.re CPpl"blP of wi thsti>nding ,r.,zy much hi¢lt>r fl.Verl'.ge 
;:ind per-i.k power. Such nt>w n,:,tworks t'.l low +'or .<1n PXtPnRion of thP uppAr 
limit of the VHF comm·inic-"tiona 'bPnd from 146 to 150 mc/R, ,,,hich extends 
the utili'7Rtion of thP rilloci:>tPd bPnd to o,rpr 95~. f'l'hp~p r"'Rults Rre re­
ported in rPfArPnCP (~). 
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C O~iCLUS rnirs 

The fol l01,.1ing conclusi0ns Fl,rf' drt1wn from thP rPsul ts nf thC1 
investie~tion rPportPn herPin: 

1. ThP mutuP.1 antP-nnFI. interfPrencP bP,hrPPn VHF comuni­
CEttinns ::ind IFF Pouipl"lents rf!sulte in ~Pri0us com­
prrimisP in thP opPra.tioni:il usP rrf thP~P. Pquipirents. 

2· ThiR I'lutuP1 e.ntPnnA interfPrPnCP is a.uP to: 

(a) ~Mission nf 5l?llri0us sien.<1.ls 0n frPQUP.ncies 
')ther then the :f'undr>.rrtentPl bv the tri:ins­
mitter SPCti0ns nf thPRA PQUiUMPnts. 

(b) Ini:i.deoul'l.tP se>lectivitv 'lf thA rPcPiving 
s•ctions nf thPse P-quiuments resulting 
in rf'CP~tinn of l'l.r1 j;:,,cen t ch;,nne l trt=lns­
missinn. 

3. ~he USP of the> anti=mn-"' nwt,1,,0rk~ dPscribPr1 hPrPin per­
mi ts intPrferencP.-free operPti0n r'lf the IFF equip-
111ents within the entire IP freou<>ncy O-"'na. ( 156 -
21?, mc/s) and interferencP-frPP npPrPti0n of the 
VHF c0m"1U.nicP.ti nns equi , Ment s in thf' nljrMal VH:ii' 
c0m,..1J.nicati nn 'bP.ncl ( 10n - 146 me/ s). Without the sA 
antPnna networks, utilizP,til"ln ljf les!'I th-"'.n sn°b of 
either bp.nd wP s ob tA.inRble. 

4. The r@quired. PntAnne, networks arP C-"'pablP l)f mass 
production, and have the ~ollowing suitaole char­
acter is tics: 

(a) Ji'ixen an.Pptor tY:)e uni ts rPouirini!? no instAl­
lfl. tion A.d,justemP-nts and no T!IF!.intPne.nce. 

(b) PFi.ss bEi.nd inserti,..,n loss of 1.0 ~Q PVPrai!?e 
( 2. 5 a.b JTIAX1mu1'i R.t nnp P nn of the 'hP ncl) • 

(c) AttP.nuati,..,n oanQ rejP.ctinn bPtwePn sn Pnd 
60 clb, 

5. NewPr t:v,;,es of tra.nsmi ssion line RntPnna networks, 
nevPlouPn by thP. NRL AirbornP interferP.nce Grnup for 
corrPctine: interferPnces to AEW eauiry!Tlents, Allow for 
evPn hieh.er utili~Rti0n ~f. the VRJi' cnmmunicAtinns 
bPnd (frn~ 100 - 146 ~C/$ to 100 - l'10 m~/s) with 
m0rP pffici Pnt mPchA.nic:,,l Pn<'l elPctrtcPl ahal'R,cter-
i stics, ~hese new dPveloprrent t:vpes are ~e~orted in 
reff!rP.ncPs (~) Rnn (4) • 
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1. ThP ,=i.nt,mnP networ ks dP.VPlopP.d for corrPcting VRP-IFF 
intPrfPrP1"1.CPs OP incori::i0r..,tea. FIS st,=inda.ra PQUipmP.nt 
on All VJfll' and IFF eq11i'Dments;. 

?,. InVPl'1tip:Ptions bP ITV'l.dP. Cl')VPring intPrfPrPnce levE>ls 
rif l'lthP.r WavA.l PlPc+.~onic Pquio111E-nts And thP feP.si­
bility 0f corrP.cting such in"Prfpri:>nCP i=; with 1=m­
te-nna · nP.tworks aimi lP.r to thosp dP!=!CribP.d hPrPin. 

3 . FurthPr resPFlrch OP crinductPd l')n A.ntPnnA. networks 
~nd rither intPrfPrPnce corrnction devices. with 
the possibility of incorpor~tin~ such C()rrPctives 
.<i.,s intPp:r;:il pA.rts of all iTPvA.l elPctrnn!c equiplTlents . 
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APPENDIX I 
DESIGN CALCULATIONS !'OR A LOW-PASS NETWORK 

From the impedance and attPnuAtion curve~ on Plate 17 and some 
supplementary information, A ~iven network ma.v be explicitly dPsigned. 
Let us as~ume that a low-pas~ net~ork is to be de~igne~ for the AJJ/ARC-1 
equipment with the following characteristics: 

(a) 50 ohm i"'tpPd?nce 
(b) PE!ss 100 to 146 mc/s. 
(c) Attenuate 156 to ?.l?. mc/s 

This immediately sets the cut-off frequency (fe) at some point 
between 146 and 156 mc/s. Let us ta.~e fc at 15~ mc/s. Therefore, the 
frequency re tio limits of thP pass band are 100/15~ = o. 67, and 146/152 = 
0.96. These limits are indicated on Plate 17. Now we must select one 
of the "m" curves which has the lPast impPdence variation between the 
limits, 0.67 and 0.96. The curve for "m" = 0.6 is selPcted, and the 
mpan vA.lue of thP Zo/ ~ intercP.pts for this curve bPtWf'Pn thP limits, 
0.67 and 0.96, is o.ss. P'owevPr, Zo, thp inout impPdPnCP of' thP network 
is spPcified Abovp PS 50 ohms. '!'herPfon-, ~ = SG/0.85 • 59. Use 
of a lower vA.lue of 11m11 would P.ctual1y rPPli~e fl better impPdA.nce charac­
ter! stic , however, this would rP~ul t in too l r,w P VA luP of "L" for prac­
t icAl considerPtion. From thP Pxpres~ion for thP cut-off frequency, fc = 
1/T( ~ wP may obtain fl wi.lue for ~ and, thPrP.by solvP eqUA.tions 
for explicit vRlUPs of "L" And "C", thus: 

L = 0.06?. u H C = l?..4 uuf 

We 1'111'Y now conrputP thP VA.luPs of ::>11 thP componPnts of an 11m" = 
0.6, "m" - derivPd low-pAs~ Pi- sPction rPArr~n~d as e T-sP.ction. Accord­
ing to theory, wp mA.Y snlit this T-sPction into hPlvPs, :and in~Prt betwePn 
the h::>lvPs an.v num~Pr of prototvpe low-pAss a,nd "m11- dPrivPd lo..,_pAss 
Pi-sPctions h:aving thP abovP prototypP 11t 11 And "C" VAlUPS. ThA~e inserted 
sectione ..,,n1 mPttc), pPrfPctly in thP pA,ss-b:=ind f'or AnY "m" v:aluP, but will 
hAVA vPrYing AttPnUPtion chl'lrPCtPristics with diffP.rPnt VAlUAS of "m". 
Thus, we hPve thP following configur:ation, ...tl.PrP eAch insPrted s~ction 
h~s the form of circuit (4) of Pl~te 16: 

A B C 
---------i·O 

•-----+.-
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The rPMPining drsi~ -problPM is thP sPlP.ction of optiMum vPluP.s 
of 11!"1 11 for insflrt-flPCtions A, i::i. P.nd C. 'li'roM thP curvPs find Pqui:,tions 
w~ c;:in ;irbi trPrily choosP 11m' ~" to providP. fpirl:v f'VPnl:v spPced infinite 
Pttenwtion pPr>ks. Thus for A we chOO!=!P rn = n ... :n; for B, m = 0.45; for 
c, m = n.69. 

Using thPse vr>lui>s of L, C • Pna."M' wp Tfl.FW thPn p1:1sily compute 
the vPlu~s of ePch ;,r~ of PPCh section. CoMbining thP VPrious iMped;:ince<S 
,-,hich ,-,re in sPrifls or pRr.<1llP.l, wP PrrivP Pt thP finP,l network shown 
on thP upryp,r pPrt of PlatP 1~. 

":he P.c+.uP.l TP1=>li:,;1=>tinn of thi.s networl(: di>pendPa uprm the Ability 
of OOtPining rlpsign V-"llllPS n+' L Pna O indic::>tPd on thP circuit diPgI'Me 
Th0 C'"lnstr11ctirm of thP nPt.worlc is ,,,ell il lustri:,+,pa in thP photogrt-1.phs 
on PlF1.tes 14 1>n0 15. 'l1h.P rPRnnPnt circuits wPrP obte.inPd P.s P. unit, the 
condensn being ch'"lsPn f'ir!=lt P.nd the C'"lil P.d.ju!:ltPd until . the innicP,ted 
rP srmP.nt freouencv ~.rPS !'f':->ChPd. ii'or ex"'""Ple, thP first t::,nk circuit 
( upoe.r -pPrt of Pl:->tP 1_;,) w?s 0btP.inPd by sPlPcting r>n 18. 3 ·v..uf conden­
ser ± 2~, Pncl thPn s')la.ering A, 2-t1.1rn cnil Pcross thP Pnds of the cnn­
denser. '1'.'his tPnk circuit W-"'~ thFm -plPCPn. in thP fiPln. of a. c0il nor­
!'P'IP..lly c0nnP.ctpn !'Intl P.xcitPa. b'.lt A. Bonn~nn, TypP 160- A. Q,- "1PtPr. At it~ 
rx,.,ct fr(lquf'nc;r, this t~mk-circuit wo11ld" thE>c RC~ e.'lt ~D. PbMrp-· 
tl0n tYPP. ,,rnve"IPtPr, with thf' Q,-111rtP..r . Q,-diPl i:1cti!¥! P..s thP rP.sone.nce 
1ncUcP.tor. The ?.-turn tPnk cnil "'flfl- "d.j•1stf'n. unt,il a rf's0nant frequency 
of 190 Mc/s WPS 0btP.inPd. Th.P S('Mf'l pr0cedurP WPS CPrriPn nut tC' nbt?.in 
~11 ,;thPr tPnk circuits. 

A sil'1i1Pr procf'd.ure W'~ us:Pd for obtr,ining thP re snnPnt cir­
cuits fnr the high- pnss nf'tw0rk. ':1lte circuits wPrP. ~PsonPtPd PS P",rP­
llnl t:1n1<'s ;,ml thPn con'!'fCterl. into thP circuit in seriPs. 

The V."llUP.s of the cnndPnsers t0 grnund in thP lnw- pP.ss nPtwork 
wprp nct·lr-lly selPcten Pt 1.5 uu:f lPss th1=1n thP aP1!fign va1uPs in orner 
t0 coM r:e nsate f,;r th1=1t much CPpEicity tn ground which wes inherent m the 
fee<'l.-thr')ugh sePl s 11sPn. in cnnstruct ion. Leflcl lPngths wPrP l{ept p.s 

physic,.,lly sh.,rt As pnsl'lible in orner t0 r Prl.uce tn fl. miniMum i:my extrM­
e l')us in<\uCtflnCeS a.nn CPpt:tCi tiPSo 

The P ctu"l Pttf'nunti,;n chPri:icteristi.cs nf thP. C'11'TP1Ptnd net-
works 0vp,r thP pPss and A.ttenuA.tinn bP.nn.s A.Tf' 11h0wn ~rP"9hically in Plate 13. 
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INTERFERENCE ON APX-2 BY VHF EQUIPMENT 

FIG. I 
WITH FILTER 

FIG, 2 
WITHOUT FILTER 
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