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AJ3STRACT 

The anti-Preciuit?.tion stiatic iron-core loon (ExoeriL'lental 
No. EX-20916-HU- Serial ~3) and its associated Pd?nter unit manu­
factured by StewPrt Warner is desi gned for airborne radio direction­
finding at low e.nd r:iediun frenuencies (190 kc/s to 1500 kc/s) when 
used in conjunction with existin~ aircraft comnunicPtion receivers . 
-~ investi~"tion Md analysis was m"de of the rnechanicc>l end electrical 
oerforFance Md constructional featurr->s . The over-all t>erformance 
of the subject equiofilent is shown to be unsatisfactory in its pr 0 sent 
state of desi~ . However, the tyoe of iron core looo and loon hous­
ing em':)loyed in this ec,uinrr.ent show promise and e.re deserving of 
further investiPetion. This sugpests that a r.orP thoro'lll?'.h and 
co1::plete s1mdy be conducted to P..scertPin the possible optimum designs 
of D/F loops for Pirborne eoolicP.tions includinp iron- core loOT)S, 
low drPg housings, ~nd anti-orecinitPtion static uroPerties. 
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INTRODUCTION 

1. I n conmliance with the reauest of the Bureau of Aeronautics authori-
zation letter- (reference (i)) the performance of an anti-precinitation 
static iron core loop and its associated adapter was investigated for 
comuliance "'rith snecifications given in r eferences ta) and (d). Triis 
anti-urecipitation static iron core loop and its associated adapter 
constitute a radio direction- finding equipment desi~ned to operate into 
a plurality ~f aircraft communications receivers over a frequency range 
of 190 to 1500 kcs. 

2. This loop inclunes a streamlined housin~ \"hose dimensions can be 
seen on Plate 17, ,.rhich has a highly conducting surface to prevent the 
acquisition of localized charge and subsequent corona discharge, by which 
means it is intended to reduce radio interference caused by precipitation 
static. A 1211 shaft, for turning the loop, is attached to the loop 
mounting by means of a coupling at the base of the housing, the other 
end of the shaft having an azimuthal scale and a knob for manually 
rotating the shaft. The loop is ,..,ound on a cylindrical form 311 in 
diameter and 311 in length and is surrounded by a Faraday shiRld to 
maintain cauacity balance of the loon to ground (see Plate 2). The core 
of the cylindrical form on which the loon is ,,round is made of era.nula.ted 
iron. At the base of the loon housing is a SPlect&r cable fitting to 
urovide a means for connecting the transmission line from thP adapter 
unit. 

3. The dimensions of the adantPr unit are indicatPd on Plate 18. 
This adant~r ncrmits the loop to operate in conjunction with any one 
of sevr-rel aircraft communications receivers and associ~ted vertical 
a.ntennA.s. A 11 sense" switch on the ade;oter provides the cardiod.ol oa.t ­
tern nec0ssa,ry for r esolvinP" the 180 de?-"ree- ambi~i ty of the lcou 1 s 
fi~e of eight DattPrn. 

4. The suecific<>tions ,,,hich the subject equinment is reouired to 
meet, are contP..ined in reference (a) in origin?.l form, but 1trere ;:i.mended 
;.i.ccording to reference (d). The fin1U W1ended contract specifica.tions 
to be met b:v the eauiument are sho•"Il listed P S fol 1.ows: 

(1) Sh?.11 have P, rPnge of 190 to moo KC. 

(2) Shgll be CP.UP.ble of ,,rorking with an;1r of the folloving 
r eceivers: A...'RA, RA-10, RAX, RTA-1, AR-lOA, and RU. 

(3) Sensitivity shRll be in no case less th~.n 100,.,v per meter 
on r,;ocw A.t 4-1 sign?.1-to-noise rc>,tio. 

(4) Directivity shc..11 be secondary to sensitivity. 
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(5) Shall use the new loo, housinP' oro iosed by Ste.wa.rt-' 'arner 
and illustrated by their drawin~ EX-20817-T (see plate 17). 
One housin~ to be ext P.rnally shielded and ohe unshielded. 

(6) Shall be continuously rotata.ble and capable of being locked 
in a.n;v -position. 

(7) Shall work into a PT- 5 cable of any len~th U ') to 15 feet. 

(8) Different transforri1ers for diffprent receivers mav be used 
if necess::i.ry and shall be suunlied with thP loou. 

(9) Adjustment for various receivers in the loon housin~ shall 
be uermissf!.ble . 

(lo) Shall be of iron core tyr:ie, nreciuitation sta.tic shielded 
and sha.l l weigh not more than 10 pounds, conrolet e with 
housin~ and ~eHrs . 

5 . The request of thP Dureau of Aeronautics authorization letter 
(reference (i)) was so "Orded as to reouire comnliance of the eouipment 

1,rith the unamended snecifica.tions. It wc1,s deemed advisable , however, to 
investiP-:a.te the nerforina.nce of the eouiument for comnliance •·•i th the 
runendea contract flS cited above . The same llurec1u of Aeronautics lP-tter, 
reauested that NRL co~marP nerformance of the iron core loon (an d 
RSsociated a.da.nter ~ with th~ bPst 8Viaila.blP loop (,,.nd • ,a~aocia.ted adapter) 
workinp: into e.n AN//;F..C .. 5 rMPiv~r; "n<i thflt P, ty:pP. tP!'lt o-r· the anti-pre­
eipitPtion etPtie iron corP l oop An~ its ~~~oeiatPd a.d~ptPr be eo"lducted 
in accordance with StAndA.rd T>TR'l'V Type 'I'est Specif'ications. reference (e). 

6. The follo•·rinp: nrocedure!;' 1,rere adopted in re~ard to the prosecution 
of the assirned uroblem: 

(a) Only the more uectinent nortions of the full standard tyr,e 
testine urocedure ,,,ere followed in order to ex-pedi t e the 
inve~ti,<?:ation "ith the limited assistance availe.ble. 

(b) The anti-Precinitation iron-core loou and a.ssociated adapter 
•··ere not checked orye.rA.tiona.lly as requested with the RA-10, 
RTA-1, and AR-lOA communications receivers. These receivers 
r r e no lonrer in common use and were not Rvailci.ble . 

(c ) An A..':{..;, receiver WPS used inste;:,d of Pn AN/ARC-5 receiver; 
these recPiVPrs bein,e: essentiP.ll y idPntic-"'l, 

(d) Avail.<?,ble loops (Pnd thl'!ir A.ssoci?ted RdFnters) ,,.,ere com­
p?,red to the ;:,nti-nreci ')it;,tion loon (i:md its a.dF:")t er) •·1hen 
•••orking into Pn RU-19 r eceiver. This was donP to reduce to 
P minimum the time re0uired for mPkinP.' cablP connPctions; thf' 
two ,c,v;i,il,c,ble loons (;,nd their ::id;,nters) bf'in,e: desiened to 
onPr,,,. te in association wit}, f-1.n RU t:v"' e rece i ,-er. 
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(e) No unshielded housing or facilities were ?.V"'il?.ble to detn­
Mining thP comparative effectiveness of the reduction of 
precipita.tion stetic by the shielded housing. 

7. Sooe investig?i:ions were npde in P.ddi tion to those reauested by 
BuAer; these inve~tigPtion being for the purpose of de~ermining more 
completely the merit of the exoerir1entrl iron core loop e.nd. its edapter. 
One of i;hese investiP-?tions concern~ d the e:iq>eriment[!l deterrdnation of 
the effective height of the enti-preci pitetion loop end two other cornnonly 
used looDs (RDF-1 end DU-1 tyoes). ../..lso ? comDeri<1on of the effective 
height of the anti-u:rr.,ciDi tr->tion lao".l we.s rJP.de ,,ri th ?..n air- core loop of 
the srune dinensions as the iron- core loop, and with an air-core loop 
miproximately 8 i.1chB'3 in diamet.er; both of the pircore loops having 
the same inductp,n~: -~ a,-; the iron- core loou~ . A nore fundi=>.mentPl investig?.­
tion was undert?}:e:r-. fo:r thP purpose of cor!lpe.rin~ thr-- iron-core loo-p with 
the optirrnm eir.-e:.i .ce :..oop; the ontimum ;;.i.1.r core loop being defined as 
that which y i eld,s the best signal- to-ncise ratio. Other investig2.tions 
werP. concerned ;,,i tb the sense circuits and with the response pat tern of 
the iron-core loop. 

DISCUSSION OF R':!}SULTS 

8. The besic theoretical consider~tions uncterlrin~ the use and 
advantage of iron- core loops are analyzed briPfly in Appendix I. a 
detailed outline of the tests a.nd investig:Ptions conducted on the 
exoerimentnl iron- core loop ?.nd its e.danter is included in .hppendix II. 
The followin,g points of discussion e.re besed on the da.tP taken during 
these tests a.nd investigations . 

Sensi ti vi ty 

9 . As a guicle for determining t he VP.lidi ty of thP experimental 
techniaues used in mP.?.surinP- the sensitivity, c>. det?.iled Malys is of 
thermal a.'1.d shot noise 'l<r?.S L1e.de on the be.sis of □ee.sured parameters 
of the loop and antPnnR cou~ling networks from which theoretical 
sensitivitiPs were col!!Outed. Toe results a.re shown on Table I. In 
these coo~ut;,,tions, it we.s e.ssumed thRt thP bi:mdwidth of thP adanter YPS 
3 kc. Also, the cc>blP used in the coll!Uutc1tions wps 3.G-11/U,,which 
cable has r>. crpFcit:r of only 20 uuf/foot as compared to a.bout 30 uuf/foot 
"lhich W?s used in FXDerircental tests for PT-5 . The lo111er capacity 
cable we.s chosen bec?use it increasPd efficienc;v of th<" collector 
system e.s indicated by the 1m.P.lysis. 

10. The first SPries of sensi ti vi ty measurer.:ie r:ts m?.de a comparison 
betweFn the perforrni:i.nce of tre iron-core loon (and P.ssocia.ted Pdruter) 
and the performances of the RDF- 1 ri.nd DU- 1 loops ( and their ? .. sso;icited 
adepter units); fl.Il RU- 19 recei;rer beinP' used i n ell tests. The 
sensitivities were determined by meAns of Methode I (see Appendix II) 
in !l. shielded room of r;:1.ther small dimensions (aoproximetely 10 ft. by 
10 ft.). BecPuse of the proximity of the eouip□ent to th0 transmission 
line, 8"ood accurPcies were not e:xpected by this method.. The results 
show on Pl~,te 11 thP.t the r P-ouired fi Pla .. stren.!1'.ths e.re CTUch higher tM.n 
tbe theoretic?.l VFluf' s of Table I. However, while. the absolute. ve,lues 
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of field strength erP not very accur~te. the results M yield infor­
mation on the coI:J.pe.r ~tive sensitivities of the three loops a.nd their 
a ssociated ad~pter units. 

11. In the second series of sensitivity tests, hethod II (see 
A"911endix II) was used in an a.tte~pt to obte.in increased t>,ccura,cy. The 
-roi~ose of the tests was to couPare the sensitivities of the loop chP..nnel 
and coru.1unic?.tion channel of Pnti-Precipite.tion static lcop eouipoent . 
The r esults are shown on PlPte 12 for the ca s~ of the loop and adapter 
being onerated in association with an Ji:BA receiver. A m~rkPd decrease in 
sensitivity is noted when the loop channel is USFd in place of the 
col!lfilUI1ication channel. Although this loss in sensitivity is very serious, 
it is pe..rtie.lly comuensated for b;v the anti-precipitation static and wind­
drag properties of the loop. These results are in good 8.f'Tee0ent with 
the theoreticel results of Table I. Reouired Vt!l.lues of field strength 
higher than the theoretical va.lues may be attributed to the R-F noise 
generated by the receiver dyn~.motors. Reruired velues of field strength 
lower tho.n the theoretical may be due to the PT-5 (30 uuf -per foot) 
c~ble used in th~ exneriments, en incorrectly assumed v~lue f or the 
be.ndwidth, end ~ossibly the need for further r efinement of the e,q:ieri­
ment~l technique. However, because of the good agreement between theory 
and ene:riment and fri r reasons o:f eXPediency po efforts were ·mc>,de to 
uncover the C?use or causes of the discre~ancies . 

12. The third series of sensitivity tests comoe.red the performance of 
the subject iron-core loon and associated adanter on the basis of the 
tyues of receivers used. The sensitivities were deteroined by Method II, 
B:Dd the results for four different r eceivers {RU, ARA, ARB, Pnd RAX) are 
shown on Plate 13. The best sensitivities were obte.ined \t•hen the iron­
core loo·') and adapter we:re operP.ting into an RAX receiver. Since, as 
theory shows. the sensitivities should be inde~endent of the type ~f 
receiver used. the results r eally constitute~. measure of the comparative 
11 quietness11 of the four tyPes of receivers . l<•axi□um sensitivity was 
in all cases in excess of the 100 uv/m limi.t specified by reference (d). 
The ad.ant er unit, ,-•hen operated in close -proximity vi th the RU-19 receiver, 
gives rise to s-ourious pudio oscillations in the r eceiver . The effect 
W?.s eliminated by increasing the spF1.cing between the ade.pter and ·RU- 19 
receiver. 

Selectivity 

13. The results of the s electivity tests are sho,-m on P1e,tes 14 (a) 
and (b). As a means of comparison. an air-core loop of the same inductance 
as the iron-core loon WP-S used with the adapter in the d~termination of 
selectivity. This Pir-core loop consisted of 7 turns of ~ire on a coil 
form 8 inches in dia.neter . Tile r esults using the air-core loop are 
also shown, on Plates 14(p) and (b). ThP. r Fsults with the iron-co:re 
loo-o a d the air-core loop are e.lrnost identical, which indicates tru-i.t 
t he selectivity is deDendent mainlv on the circuits of the ad~pter unit. 
~ V he Q, on the loi., freouency band shows fl lower value than desirable. 
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11 l'ili1:Ure of 811 Radios 

14. '!'able II shows the r.irxi~u::. to cinirmm ratios in decibe ls of the 
11 figurc of 811 nattern of the loop trkPn under the. two different test 
conditions . In part A Of Table II, a.re sho,,rn t l'.e r ci tios taken on radio 
ninge of the _.JU. receivers . Sor:; .t-_VC .,,ct ion took ple.ce for the Orienta­
tion of ma.xinu.m signe.l ?.nd the Sif"nal-to-noise r?,tio for the orientation 
of rlini1'lU.r~ siF".DP.l Wc>5'- as lo,-r as 1.5 to 1 .0 in so!'le cases. However , the 
r atios obtained "'re considered satisfactory. Part B of Table II shows 
the ratios obtained under the calibrated transE~ssion line and were not 
subject to the li.rnite.tions in..herent in the first method. The ve.lues 
obtained indicc>te a performance sunPrior t o that which could be 
realiz ed in operetion since the field under the transmission line is 
?n idealized field . 

11 Sense11 Circuit 

15. The sense circuits of the adauter, when ouer~ted with 15 f eet 
of PT- 5 cable from the antenna to the adauter and 8. 5 foot v ertical 
ant enna, were found to be entirely inadeauate . Th,, caus!" of this 
condition was found to bP t he lar~e c · nacity load in~ of the ?ntenna by 
the C"'.ble cauaci ty a,nd the circuit cauaci ty in thP adapt er unit. Proposed 
modifications of t hP s ""nse circuits are sho,,rn on Plate 7 . In thP design, 
15 feet of cable of 20 uu£/ft 1-,as assur~ed, the :..'avy S'Jecification 
mmber of this cable is RG- ll/U. For other c;,blP l enei;hs and other cable 
capacities, it is ne ce~sary to use different circuit par~met ers . How­
f'Ver, reduct ions in cA.ble capa.ci ty or lene;th c;,n ea.sily be compensated 
by the addition of shunt condensers bet•._r:c-c-n t hP. input leads of the 
resistors And ground . 

Loop Effective Height 

16. Effective height determinations were me.de at severel points in 
each band acc.ordine- to the net hod described in n.onenf.ix II . The results 
?.re shown on Plate 9 . In a like r:anner, the effective heights of an 
RDF-1 loo,, and e. DD- 1 loop were determined; thP. r esults being shown 
likewise on Plate 9 . Both of thesf' loops are 1011 in diameter. The 
deviations of the experinentPl curves fron strF-i1<l:t lines e.r e due to 
t he anti-rcson~nt effect of the distributed CP.p?citie s in the loo~ 
windinr-s., ..!,.'he t ane:-ent lines to the Pxuer iment?.l curves are designe.ted 
as 11 trur 11 eff,-,cti ve hei.rhts, since the data would lie on these straight 
linPs if the i:inti-rf!sonant effects were not prPsent. To obtain an 
indice.tion of the experiment;:cl accura.cy, the effective heirnt of the 
DU-1 loop was comnuted fro!'.! its dic>neter and nUI!!ber of turns . This C?l­
culated value ,.,..,s found to be 10% above thP e~-perimentally determined 
value of effective hei~ht; this a ccuracy wa s considered sati~factory for 
the ~resent investieation. The results, as ulotted on Plate 9, show the 
effective height of the iron- core loon to be ~bout 1/2 the effective 
heieht of the DU-1 loon and about 1/5 the effective height of the RDF- 1 
loop. 
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17. Having compared the effective hei~ht of the iron- core loop with 
the effective heights of two tynes of existine P.ircre.ft loops, it wa.s 
deemed advisable to !!lake a morp funda.Mente.l cowpar i son . Assumin~ a 
coil forD the same size and shaue as th~t of thP iron- core l oop , an 
analytical determination was nar.e of the reauired number of turns of 
#:10 B & S wire to yli:eld an inr.uctance the sane es that of t he iron- cor e 
loop (18.2~~H) . The effective height of this l oon was cor:routed for 
s everal fre~uencies and the r esults plotted on Pl ate lOa. T}ie effective 
height of the iron- cor e loop is A.lso rylotted on Plate 10a, an~, by 
conPP.rison, it is seen th~t the ~ffective heieht of the iron- core loop 
is about 5/3 that of p.n Pir- core loou of the spne size, shp_pe end -
inductA.nce. It is r ecognized thPt the <>.dv,,.ntape in effec tive hei1?ht 
of tlie iron- core loop would be decr e,,.,sed if hea,vier g:auz-e wire 1'fer e 
used on the ~ir- core l oop, however ~10 B & Swire is the largest 
convenient size which coul d be used in ur act i ce . 

18 . Since the loops used with the SCR- 269F P.nd SCR- 269G eaui~oents 
are 811 in di ameter , it W"S considered suffi ciently important to comoar e 
the effect-ive height of the iron- core loop v i th an 811 air-core loop 
having an inductpnc e eaual to that of the i r on- core l oop . On Plate 10b 
is shown the cormutPd effective heiPht of an 8 . 311 air-cor e l oop of the 
saile inductance as that of the iron- core l oou . It was necessary to use 
8 . 3" instead of 811 in order to obtain an i nteirrel numbPr of turns . The 
effective heiglit of the iron-core loou, l i kewise Pl ot ted on Plate lOb 
for conParison, is shown to be 2/3 t~t of the ai~- core loop . 

Comparison of Iron- Core Loop with Ootinum Air- Core Loop 

19 . The prececding pa.rn~raph cora~ares the effective hei?ht of the 
anti-pr eci pitPtion stP.tic loop with an air-core loou of the SPJ'ie size 
and sh?.ue, the inductance of the loops being equal . I t is r eco~ized 
that al thotlf-Ch this consti t utes an i nforme.tive cor:ipa.ri son, a more funde.­
mentru. indicetion of the merit of the iron- core loop could be 0eter mined 
as follows: For an air-core loop of the sar.ie size and shape as that 
of the iron- core loop , desilffi a loo"J which yiel ds the optimum .. S1,!?'nal­
to- noise ratio at the ~id of the tube in the adaPter unit . This signal­
to- noise ratio would then be compared i·•ith that obtained by the i r on-
core loory. 

20. T>,e si{'.nal- to-noise r;;,tio eoU?.tions utilized under "Sensitivity 
Test" were ex~mined to determine the effect on the per forI!lc'.nce of loon 
effective heirht Pnd of loop Q. ~hP .qnalysis revePled tru:it the Q of the 
loop played~ second~ry role chiefly because of the l oose counling of 
the coils in the R- F transfor,~ers of the ;:,droter unit. On the basis of 
present desien of the R- F circuits , it ce.n be stat ed that the optimtl.El 
pir- core loo~ is that loon which yields r,he neximurn effective heieht ; 
the i nductance, size ana. sha:oe of t he P.ir - core loop being assumed the 
sane PS thc..,t of the ~nti- precipite.tion st,=,tic loo-o. Time did not Pf'rmit 
~ careful re-exemination of the design of the loop inuut circuits, but 
it is evident tha.t such an investigetion would be worthwhile . 

- 6-
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Temperature end Humidity 

21. The results of the tenr:>eri:>ture and hU.J:1idi ty tests are shown on 
Plates 15 e.nd 16 res-oectively. ThP re;::,,c'l inP- obtained indicated tha.t the 
receiver gain remained unch?n,g:e0 durin~ the temperature test. Variations 
in output were ther~fore due only to the effect of the timperature on 
the iron-core loop and associated adapter unit. The 70% loss in sensi~ 
tivity on the high frec,uency band 1:1.t so0 c is uns~tit1factory and may be 
caused by im•)rO">er tree.tment of the R-F coils in thP ad1>.uter unit . The 
20% loss in sensitivity in the low freouenc;v b"'nd is also considered 
objectionable. Th~ 20% loss of sensitivity in both freouency bands 
du.ring the humidity runs, constitutes an inferior characteristic. 

Vibrat i on and Shock 

22 . The results of the vibr at i on and vibration tPsts are shown on 
Table III . No changes in receiver outnuts and no "birdies" were noted 
throughout the r Pni£'e of vibrPtion test, even whE'n mechanic?l resonance 
occurred . The shock test nrocedure w~s essentielly the st~P as the 
vibration t est. The ?.ccelen•tions used and tl-!e r Psults are sho1.-1n on 
Table III. The a.ccelerations ,given are Peak accelerations ~md ,.,_re not 
of more ti.'1..an 10 millis~conds duration . This does not simulf!te aircrnft 
conditions in whicr the ec,uipment i s subjected to accelerations uo to 
1 O,g for a few seconds • ho,.,ever, the equi ')men t used was the only shock 
testing A.Ppa.r?.tus PVPile.ble. 

t-ieche__nical Deficiencies 

23. In addition to the various electrical and mech?..nicill chp_racter­
istics of the subject equi~ment studied and discussed in the preceding 
p?ragraPhs, the follo,-,in~ list of nechei.nicel c_PficiPncies arP noted from 
a careful examine.tion of t he eouinnent . 

a. The Rd.aptPr unit is not suitably shock~mounted. In fact, it 
is not shock-mounted et all. 

b . The rotatable mountinP and shaft for turnin~ the loon coil 
is mech~nically We.?k. 

c. 2-Jo meens is provided for remote oneration of the sense circuit. 

d. The s ense switch should be More sturdily constructed. 

e. The azirm.th?_l scale mechcnisn should be redesigned to make 
it □ore sturdy Pnd riP-id. 

f . The nower e.nd switch plu£"s should be of different design from 
each other in order to ;;:void l_JOss ible confusion. between them. 
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F--• The threa.ds on the ryresECn t coil ferns for nountinl?' the tun­
ing slw•s become sufficiently worn to e.l low the slui! to 
fR.11 out . 

h . ThP b?nd switch r plpy rnechani sr:i should be re- desiimed to 
urevent chP.tterinp._- . 

SUMMJulY OF RFSULTS 

24. The foregoin.!." discussion of results reveele.d s oire det ailed. 
noints of interest concerni np: the loon c>nd its 1>d1>oter which mpy be 
su.1mne.rized in the followinP. list . 

~lectrical· 

25. a . The sensi tivity of the loon and ?..de.TJter do not I!!"'et the 
specifica tion of 100 nicrovolts but vary .a.s sho1.rn in Pl;,.te 11., 

b . The selectivity of the a.de.pter unit is satisfactor y . 

c. The mr.xir;l"lJ.I'.l to I'lininu!'.!l ratios of the 11 fif!'Ur e of 8 11 natter n 
of the iron-cor e loory arP consi der"'d S!:l.tisfP..ctory. 

d . ThP c ormunication ch;:, nnPl of the ?<'lc>T.ltPr (wi th a 5 1 e.ntenna) 
is considerPd satisf~ctor y . 

e . The use of the loon chPnnel in T)l p,ce of thE> COI'.lf!lunice.ti on 
chPnnel introduces.,,_ ~inimum loss of 22 db and a m?.xiaum 
loss of 29 db . This loss ~ust be comnensated for by the 
enti- orecioi t0.tion st;,tic and l ow ,,,incl dre.,g nronerties of the 
loo,., to we1.rr?.nt its adont ion .. 

f . The effective h e ight of the iron- c ore looo is 

(1) one hP.lf (1/2} the.t of th0 DU- 1 loop and Rbout 
one-fifth (1/5) that of the RFD-1 loop. 

(2) 1. 7 tinps thet of p..n a i r - core l oco of the same si7e, 
sru>TJP. and induct?.nce . 

(3) Twn- thirds (2/3) thc>t of an air- c ore loop 
ary-pr oxim?.tely 811 in cliiunet er and htwinP the sru;1e 
inductance ~s the iron- core loon. 

~ • The SPOSP circuits of thP loon adauter arP unsatisfact__ory. 

h. No adjustra0 nts of the l oo,::, or P.d?ryter are necessa ry w},en 
using the eCJuinment with different receivers . 

i. ThP uresence of the shiel ded housinp does not pffect the 
sensitivity of the loou • . 
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j. On the ba.sis of an enalys is of the fa.ctors affectine the 
si{"nel-to-noise r Htion, the 11 Q11 of the l oon is of s econdary 
i nmortance f or r eRs on::i.ble VRlue s of Q, (Q p:re~.ter th.?n 20) 
and that the signP l - t o~noise r P.tin v~ries linearly with the 
loou effective h ei ght. 

f,,ecw.nical 

26 . a . The l oou i !" of the iron-cor e ty-,P- , or<>ci ..,i tetion st a.tic 
shi E'l d.ecl. ::>nd 1•1e i r-ht !" 7 . 5 lbs. c or1-pl ete with housin-£" and 
ge?rs. The co~bined weight of thP loou, adautor unit, re­
mote b~nd switch, ryower c P.bl E's Pnd :;::{]' caryle s is 15 pounds. 

b . The tuninf?' c ondensers of the ? de:oter ric1y sir.ru.ltaneously be 
counled nechanically to the tunine- control of two AIL,. receivers. 
The 11 trP.ckin~' bPtwe2n the adP'lter end the ARA receiver 
tuning control is excellent. 

c. The 2 uound wind drr>,e: of thr• ir-:n-cor P loop housinf'" c omoAr E'd 
to the 10 '?ound wina dr;,,e: 0f <>n SCR- 269 G l oo".?houdnp. ( -oresemt 
st?ndP-r cl. !..~av;r l "on) flt 250 r.PH ".)err:,:i.ts the "'.ccent,,,_nce of s ome 
cornromise in t he s ensitivity of the iron-cor e lno'1 . 

d. The eauiom2nt hr-s v<>rious CTeCf'I.P.nic?.l deficiencies which a r e 
listee in naracra..,4 23. 
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C02JCLUSIONS 

27. Fr'"lr t h~ t <'sts ::-..nd investi.c--t i "n conc.ucter. ('In the subject iron-
c <'r e l o0rys nnct its ~sscci t>terl. ?..df-ter P.nr r eT)r-rt erl herein, it is concluded: 

(G) Th~t the over ~ll ryprfor nPnce of t he su~j ect l o~") pnf 
raa-ot er ~oes nnt neet either t he P□ended sryeci fic Bti0ns 
cited in '1arA.f!:rP,h 4 , or the ori~i na l sneci fications of 
r ef erence (a) end ere therefore n" t suitable f or Naval 
Pircr~ft use . 

(b) Th;:i.t the !!lecheni c-<> l anc'I_ electr ict> l charRcter istics of the 
iron-cor e l of'\ry ant hcusin~ off er rlistinct possibilities 
for p l0w-drP.g, hi~h sensitivity l onry . 

REC0h1 .~ND.n.TIONS 

28 . It i s recom ended: 

(a) ThP.t t h? subject iron- ccr e l oory anf. adaryter not be 
A.Cceryt ed f ~r use on Nava l e ircr eft. 

(b) That further investieations of the use of iron- c0re l oops 
be carried out , bpsed on t he fpta pnn r esults obt ained 
herein. 

(c) Th~t P study be .. .are t o det er~ine the r el~tive a iscrir.inption 
of the con~uctin~ co~ting of the l oo, housing a~ainst 
~r eci ry it~tion static . This aeta~led study rr;i~ht be conducted 
along the lines sugrested i:.--· tl:e -oreliminary i nvestigation 
of ureciuitation st ~tic r ~uorted in reference (j). 

- 10-
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.APP::.J)IX I 

Theoret ical ConsiderPtion of I r on- Core Loo-os 

1 . It is of essential interest to consider here some of the factors 
influencing .. the effective hei~ht of an air-core loo-o whi ch m~y b~ 
comouted from the rel ation: 

he :: 2 ii NA ~ KN 

A. 

wher e he is the effective height , N i s the number of turns , A is the 
area, and •. is the ,.,ave- length of the recei ved signal . I f an iron­
cor e is now placed inside the winding, the new effective height h~ 
becomes : 

h ' 
e • P-e = KNye 

where Ue is the effective permeability of the looo coil . In other words 
the field inside the coil is i ntensified Ue timPs ther?by increasing 
the l oop effective heieht pr oportionately. 

2 . Hoi.rever due to the presence of the i r on core the i nduct<>.nce L of 
the ~ir- core loop hps now been incre?.sed to L' . Since it is dPsirable 
th."'.t the inductance r em"' in unchc>nged in order to me.int ain t he same 
tuned circuits the turns of the loon must now be r educed t o f'. new VJ:3.lue 
N1 in order that the induct?.nce L be restor ed. It can easi ly be shown 
that : 

N' r ___ N __ _ 
(3) 

I Ue 

And, reolacing !-I by its ne1,r value !;1 in (2) , the effective height be-
comes : 

h " = Tn.T -e Ll.J.•• Ue 

hll /h - ,......--. e e - , ue 

3 . Thi s formula is a--ouroxi.l!!a.te si!lce it does not teke into account 
the effect of reduction of induct?nce •~ith the ereatPr spacin~ of turns 
associeted with a decrease of t~e number of turns for a coil of ~iven 
lenF-th . E01•1ever , it is the usual uractice to make thP coil as short as 
-oossible in order to reduce weiPht and reduce the i.•ind- lllra?. 

4 . When tJ:,e number of turns are reduced f r om N to N1 there is, in 

( 1 ) 

(2) 

conseouence, an increase in the Q. of the loo-u nPF1ectinp loRSPS in the 
core . If the loou is directly tuned, tr.is increc?.se in ~ value results 'in 
im-oroved performanc 0 • Eowever , in eoui"'>r11Pnts utilizin~ loou couuling net-
1-rorks , the increpsed loou ~ is often ooscurecl by the Q values of thf-' coils 
of the trAnsforn:ers, etc . 

- a-
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APPENDIX II 

Test Conditions 

1. The tests and investigations conducted on the subject loop and 
adapter and discussed in the body of the reoort are outlined i n detail 
below. 

Sensitivitv 

2 . l•iethod I 

a . The loop and associated eouinment was Placed under a cali­
brated transmission line ; the transmission l i ne being in a 
shieldPd room of normal temnerature and humidit~. The loo~ 
was ori ented with r ps-ect to the line to thP uosition of 
miximum sii!,nal. A 400 cycle 3($ modulated signal wa~ used. 

b . 1
•1ith the standard signal ~enerator (feeding the calibrated 
transmission lin2) onerP.ting at ModulP.tion Off , the receiver 
f!:ain control was set to i!!i ve a 12 . 5 1.1'! audio noisP output:. 
WhPnPVPr this noise out-put was not available , the maximum 
noise outuut was used. The standard Sii\!'nal generator was 
then onerated at i.odulc>tion On and, b;v successive adjust­
ments of the outuut of the standard si~nPl ~enerctor and the 
ea.in control on the recr-> iver, a 4 to 1 sirnal- nlus- noise to 
noise rc1.tion ( ( S + N) /N) W8,S obtc>ined pnd the out,,.,ut of th? 
standard si~nal generctor r ecorded. From t he calibration 
datP of thP l ine , thP fflicr ovol t pPr -~ater f iel d Rt ren~h 
wns determined at thP c enter (L the l oop; . thi s +'ield strength 
being the meR~u.re of the loop sens itivity. 

3 . I'•!ethod II 

(a) The loou of the eauipment under test '!-•as connected in series 
·-•ith a 1 ohm resistor. This "'l'l.S e.ccomulished, in the case of 
the iron- core loop, by con 1ectin,!'.'. the r"'sistor bet1.""'"'ll the out­
side of the Selector fitt i n,!'.'. (at the base of the ~ousin~) and 
thr- shi PldinE' braid of the PT- 5 cable. The eauipment under t est 
wp,s -olacPd in R. shielded room, the te1110PrP.ture ana humidity 
conditions being normel. 

(b) -~ standerd signal generpt.or ,-,as connect""d acrosr:: the 1 ohm 
r P!".istor. A 400 cycle 30 , .modu.lptea siP-nal ,,,es used. 

(c) ''ith the standard Sif!:ne..l .ci=>nere.tor 01'.lFTc>tin,e: et i1odulatio11. 
Off, tr.e r Pc eiver gi>in co'1trol \.rRS sPt to ,!'.'.ive a 12 . 5 LW 
PUdio noise out".lut . Wh-never this noise outuut wes not 
avRilable, the maximum noise outuut wps used. ThP stc>nd~.rd 
sign;:,l gPn.-rptor ,,,p._s then ouer- tPd l'lt r,_odul ation On .?.nd, 
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b;v successive adjustments of the output of the standard 
signal rener~tor and the ~in control of the r 2ceiver, a 
4 to 1 signA.1-plus- noise to noise rptio ( (S+N) /N) was 
obtained and the outnut of the stPndprd signal generator 
r ecorded. Frot:1 a kno,,rl,:,dge of the internal iriped?nce of 
the sttmdard signPl /2'enerP.tor and the effectiv1c heipht of 
the loou, thP eouiv~lent microvolt-per-metFr field stren~th 
was cl PtPrminAd. 

4 . When the iron-core loon end associated adapter were oner?..ting into 
the .cl.Ra r eceivers, the adP:oter and r .:>ceivers WPri:, tuned to approxir.1ately 
the center of e~cr bpnd; the frFquencies used beinp 300 Kc and 1000 Kc . 
The adapter ?nd receivers were tuned independently Pnd then a flexible 
tuninP. sh<>_ft WA.S conn ,:,cted bet,.reen the A.dP-pter and rec€ivers. ~·Then 
rece ivers othPr th.<>n the .rL~ ,,,,,r .: used in associa.tion vi th the adapter, 
this nechrnic:-1 linkage 111as not 1?0ssiole a.nd r1Mual tunin/2' of both 
receiver P,nd ?daPt"'r unit WPS necess1=1r? i:tt each freouency <1.t which 
Rensitivities werP tPken. 

Select:i,vity. 

(p) The iron- core loop wps ulPced undP-r p cAlibrated trP.nsmission 
line; the trP.nSL'lission linP bein,c:,: in a shii:,lded room of 
normpl t "'r.-roerature ~nd hunidity. The loou we,s oriented "1'ith 
respect to the linr- to the uosition of maxinum sign~l. The 
loou "'PS connected to the ada:oter by me<ins of 15 fe,.,t of 
PT-5 ce.ble. The ad~nter t••ps in turn connected to the in'1ut 
of ?.n AR.~ receiver, 

(b) .;;n BF signA.l with 400 cycle 30% modul?.tion w<>s fed into the 
transr-d,ssion line. The P.dP.pter and receiver •••ere indeuend­
ently turned to the desired freouency (300 K.C. for the 
low bend end 1000 KC for the hi?h b?nd) . The adppter was 
then separ::ttel;y ,:=:etuned from the signal and the signal 
strength increased to r.iaintain const?..nt receiver out1Jut. 

(c) 1'·easurerr.ents were taken of the increese in signal strene-:th 
r> t v,9,rious 11 off- reson<>nce" freauencies of the .<id::-oter unit 
over the signal strene-:th e.t the resonant freouency. 

• ( d) The a.mount of the chPnee in freouency by which the a.daoter 
had been detuned was obtPined by c>.lterin~ the freauency of 
the signe.l genera.tor to a point of mFximum receiver out".lut 
ruid noting the chpnge in frequency of the sign<>l ~enerc>.tor. 

"Figure of S" Rptios 

6. The rA.tio of the mp.xi.mu:'! to r-linirmD responsP. of the II fi~e of 811 

pattern of the loon 1•rerf' dr terflined by two a.ifferent methods. 

-c-
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hethod I 

a . The iron-core 1001? and ad,,ut<>r ,-,ere oryerated in association 
"'ith A.>{A receivin~ e0uiryment. The tests were nerfor:ned in 
ouen country, free of metEil obstructions. 

b. :,ocal broadcast st;:tions and radio range stations served as 
siEmal sources . ThP control box was switched to C1·T reception 
and the rec~iver was detuned until the befit notP ~ivine maxi­
mum eudio oo,·•er was r eached. This served as the tuning: 
criterion on ra."l~f? and broadcast stations since l-,C1

' reception 
yielded unsta.bl P, uo•••er out~ut meter readings. 

c . Ratios of recPiver out'Jut in volts corresnondinp to orienta­
tion of loon for maximum and minimum outnuts were noted. The 
recPiver ,gpin "'PS adjusted to ~ive a 3:'>0 L'' sipial ulus-
noise audio uower outuut for the loo-o oriented for maximum 
sie.nal pick- un • This audio po••1er levFl was chosen sinc 0 

above 400 1-:r the AVG action of the Ail.A rec"'iVPr becomes 
fully active. 

r etl:.od II 

a . The iron- core loou was ula.ced under a calibrat f>Cl transmission 
line into "'hich a 400 CT)S - 30';o Lodulated siP-nal was fed . 

b . The r atios of stpnd;ird siP.nal gr.nerf!tor voltaPe '"'Fr,' noted 
wr,ich {?ev0 eoual powr--r out-outs Nith t.re loon ori<>nted to 
positions of ~aximum and minimum sienal uick- un . DurinP the 
t est, it was ascertained the.t thP r PC"'iver outnut noise lPvel 
r emain°d unchanB:P~. 

Loon Effective Height 

7. In order to dPt "'rmin-- the effective he iP-ht of the iron-core loory 
and various other standard and exr.>erimPnta.l loons, thP followin,e: urocedures 
WPre used. ThP test s Ft-uo is s"own in PlatP 8. 

P . '.i:~e tf"sts wnrp conducted in a shiE-lded room .. ,i th the iron~ 
co.·0 loou connected in s r- riPs with a 1 ohm resistor and then 
throur•h 10 f Pet of PT- 5 cable to an SX- 28 HallicraftPr r ec Pi vPr • 

.11. ryo•·•er ,n, ter was conne-cted to th"' audio outT)ut of th,- rec~ivPr. 
A 400 cyclr- 30'• modulated s i 1mal 11as employed. :'ht' tempr>rature 
and humidity conditions of the room were normal. 

b. The loon undPr t est or test looT) '·'as nlacrd at a fixed distance, 
coa.xial and coulanar, "'ith an air-core injPction loon . Thi? field 
str,zner,h at: th"' test loo ·" was rela.t"'d to the outuut of the standard 
siP'Ilal ~POC'r;ator bv the follo1••ini!?' mr-thoc1: The test loon was re­
nlac~d oy [n ~ir-corP looo of c a lcul~ted pff~ctivr hPiPht and 
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connected in series with a 1 ohm r esistor. ~he readin,e:: of the 
l)O"'er outout meter was note-d for a ,!!iven outi)Ut volta.,e:e of the 
standPrd siie;nal renerator with the ~eneretor connPcted directly 
across the terminals of the injP,ction loon. The si,!!nal ~enerator 
w,rn thPn connPct. 0 d across the 1 oh.m r F-sistor in seric->s with the 
air core loco and th~ cutout of the st,rnderd signal i?"enerator 
vr-ried until th~ urevious rPadin,g of the powP.r output met,=,r t.tas 
obtained. :F rom this ~en°rator reedin,!! in conjunction with the 
effective heiPht of the ;; ir core locp, the field s tren,,-th could 
li~ computed. 

c . In order to det 0 rmine the effective height of t he iron-core 
1009 a volte/le was induc r>d in the iron- core loop by means of t.re 
injection loou and the r cadin,e; on the po•·•er outuu t meter vas noted . 
The ste.nderd si1;nal genPrfltor was then connected across the 1 ohm 
r esistor (in s eri es with thP iron-core loon) and the output of the 
standard sitmal ,genere.tor a.d j n.sted until A. like reaoine: on the 
uower outout meter ,,ras obta.inPd. 

B. From a knowledge of the field strength et the iron-cor-<> loou and 
the value of the voltP~e Across the 1 ohm resistor , the e ffective height 
of t ~e iron-core loou could be determined. 

Temper.3ture 

9. e. . The loop and adauter were "1laced in' e. temperature chamber in 
a shielded room. The loon and a.dapter were connected to an. ARA 
r ec e iver located outside thP temperature chamber in the shielded 
room ,,rhose temperature and humidity were normal • . The iron-core 
100'1 wes exci ted by means of an injection lool) attached to the 
housin~ of the iron-core loou . 

b . The injection loou ••rRs fed by e signal ?enerator outside the 
tempere ture chrunber •\fith a 400 CPS - 3(Y;, -:.r•:fol-e.t"' ': si",.,-na.l. 

c. The edPnter and. recPivers were tuned to - 500 KC and 1475KC. 
The r €ouired injection end receiver input volta.ees for 50 J.,l'"f audio 
outnut on the PO''l'er meter 111erf' not ed . liii'?'.h sienel levels were 
use,1. 

d . 7hF temr>Pre.ture wa.s varied bet1,reen -3o0 c. ~nd + so0 c, while 
the r E:l.?tive humidity '''RS m~int?.ined aryprbxiID8.tely constAnt at 
35',. 

e. The r atio of r eouired inputs at the various temperatures to 
normal temperPture werP notPd for both the r eceiver and the 
adapter. 

DECLASSIFIED 

-e-



Hunidity 

10. P. The loon e.nd Hdapter were olaced in ? hur.,idi ty chamber in a 
shielded roon. ·l'he loo-o ?nd ?.d<1,tPr were connectF>d to P.n AR;!.. 

receiver loc· t ed outside the hunidit;v chPL1ber in the shielded 
rooc whose ter.0oerature find hur.:idity ,,,ere nornal. The iron-core 
loop was excited by means of !'In injection looo 4ttPched to the 
housin~ of the iron-core 1009. 

b. Same ~s (b) of te~oerPture test. 

c. Sa.rie as ~c) of te::merature t est . . 

d . The relative humidity WA s va.ried between 355t, and 97'? while 
the t eoperature WAS h ~ld constant a.t soOc. 

e . The ratio of reouired in~uts qt V8rious huniditiPs to norflal 
humidity were not Pd for both the recci ver ?nd the P.danter. 

Vibr?.tion 

ll. <>. . The anti-precioitP.tion static loou Pnd an a.tteched injection 
loop were securely bolted to a l,9.re:e vibretion teble, this 
vibration ti=>ble beinP- in e rool:'! of norr"P.l te!':D 0 rature and oressure. 

Shock 

b. The teblP wc1s vibrated for about t 1, 10 hours over e frenuency 
rA.ni!?e fro~ 0 to <tlJ"OroximBt "'lY 2400 cu□• 

c. The ada-pt.r (not mounted on table sfunce no shock mounts ,.rere 
9rovided) and :.R.l receivers wPre tuned to 300 Kc and 1000 Kc. The 
reauired injecti'.on and receiv.-r in-put volta,gos ,,,ere noted which 
gs.ve 50 fo1'f readings on the pol.>•er out-put meter throW!hout the 
vibr ation runs. Hi?h signal levels 1-rere used. 

12. "'· • The iron-core loop ~nd an attached injection 1001') were 
securPly bol ted to a shock table, the shock table being in a room 
of norr.l'?.l t •"-,.:uerEtur r.o and pres cure . 

t . 1'he accelerations used and the r esults s.re shown on TA.ble III. 

c. The PCcele rp.tions ~iven are peak pcceler ?tions and are not 
of r1ore th?n 10 r.iilliseconds duration. This does not sinula.te 
aircraft conditions in which the eoutoment is subjected to 
acceler?tions ury to l0G for A. few seconds, Howev"r• the equi-p­
J11Pnt used was the only shock testing anp?r?tus avclilP.ble. 

t 
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BPnd 

I 

II 

Perfor~pnce Study 
~XOE'rinente.l Iron-Core Loop 

!:xPer ir:1entpl ~nd Th~oreti c~l Sensitivities• 

F·r<>ouency ,:,xper i;,entpl 

200 Kc . 160 uv/r;o 

350 85 

500 65 

500 75 

1000 45 

1500 70 

• Iron-core loou and. PdPuter o-oer~.tin'" in 
e.ssociPtion "'ith _.,_~.,_ recPi" r, S"'f' .n.YJnPndix for 
detailed Test Con«itions . 

Theoretical 

171 uv/u 

107 

87 

69 

37 . 5 

2f1 .2 

TABL~ I 
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Perfornmce Study 
~:V:-O' ri!'.!ent81 Iron Core Loon 

11 Fif!'tl.I'e of 811 Ratio~ of Loon• 

A• In 0u~n Country, Using Bropdcast Pnd RA.dio fuinge 
StPtions Ps Si~Pl Sourcf'S (LE>thod I). 

Freauency Ratio 

333 Y.c . :n.s db . 

632 25 . 5 

980 32 . 2 

1090 22 . 4 

13'10 27 . ? 

1450 23 . 6 

1500 27 . l 

B. Undf'r CP.librpted Tr,,.ns!'.!ission Linr- O.Pthod r:) 

Frequency RPtio 

200 Kc . 93. l db. 

300 97 . l 

500 95 . 2 

650 94 .5 

~L'O 90 . 9 

1475 95 . 4. 

• See Annendix II for detai led Test Conditions 
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PerforT:1e.nce Study 
~xu -ri~Fnt?l ~ron-Core 1oou 

VibrPtion end Shock Test 

A• Vibration Characteristics of the Loon* 

i,iechanical r esonance_s*"' 

Note: AnplitudPs ?-t the se t~o 

1500 cnr.i 

1250 CPl'l 

resonpnt freouenci es reached 

fron 1/811 to 1/2 11 • 

No los8 in f.'.?.in or detPct;::-ble f'dvPrse effects in either bf!nd. 

B. Shock Test of the Loon* 

Acceleration*** 

10g 

20g 

30g 

40g 

50g 

125,o-

225g 

340g 

525g 

Results 

No detectable adverse 

effects in either bend. 

No loss in gpin. 

*The ed.P~te r unit could not be t Pst~d becpuse no 
shock □ountings were provided.. See Appendix II 
for det?iled T~st Conditions 

**The Yibr,,tion t Pble r esonp_t Pd ci t 500 cnn c>.nd 900 com. 

*** These wPre Uef'k ;:,ccelere.tions Pnd. of not more th1>n 
10 ~illisecon0~ durPti~n~ 
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Perforr~p,nce Stud,y 
~xperiment?-1 Iron-Core Loop 

1•leieht of Loou ?nd Ade.pter 

*Ade.Pter 

7 1/2 lbs . 7 1/2 lbs . 

* Includes renote b;;,nd svritch, powPr 
cables And RF cpbles to the r eceiv~r. 
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