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i1U'!'HORIZATION FOR TE~,T 

1. The t c::,ts here.in reported were t:c, .. thori:wd b;y reference (a.) . 
Other pertinent data nre :J_isted as references (b ) to (e) indusive . 

Reference: (a ) BuEng. let. S67/69/L5(!1--10-W8 ) of 16 Apr. 1935. 
(b) NRL Repor-t No. R-11 JL. .• 

OBJECT Of TEST 

(c) NRL Report No. R-11/41 . 
(d) Speci f.ications RE 1.3A 474A. 
(e) Specifications RE 69A 175A. 

2. The object o.f these tests i s to determine first, t he extent to 
which the "Q' s 11 of' the CRV-69003 or CRV-69014 loop~ are influenced by 
reaction within their associated receiver circults; second, the "Q's" of 
these same loops under the conditions as noted in pa.r . (3) below; third, 
t h e accura cy of the radio frequency resistance measurements as reported 
in references (b) and ( c), and fourth, the defects in the Models 00, D0-1, 
D0-2, and D0-3 loop and pedestal assemblies which have developed subsequent 
to the completion of r eference (b). 

ABSTRACT OF TEST 

3. The tests cond ucted and reported herein are as follows: 

(a) Measurement of the true inducthnce an<l distributed capacitance 
or first, the CRV-69003 loop; secon <l, the CRV-69003 loop wi t.J.i its associated 
108 11 loop-~r eceiver cable, &nd third, the CRV-69003 loop with the CRV-69005 
pedes t al assembly and t..he 108" ioop-receiver cable. 

(b) f.!ec,suremen t of the radio frequency resistance of fi!'st, the 
CRV- 69003 l oop; second, the CRV- 69003 loop and i ts associated 108" loop­
receiver cabla , and third, the CRV-69003 loop with the CRV-6900 5 pedestcil 
a nd 108" loop-receiver cable; the loop being tuned with a precision 
ca.pacitor for each test condit ion. 

(c) So.i~e as (b) except with the loop tuned with a CRV-46031 recei ver, 
without the use of a standard balance antenna and wi t.ri the btlancer coil set 
Dt neutral. 

(d) Snm.e &S (c; except with t he bal::.ncer coil set n.t +50. 

(e) Swne ns (c) but wit.."1 · the receiver employing a standard dummy 
antenna. 

(f) Serne us (d ) out with the receiver employing a standa1·d dummy 
nntennn. 
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(~·:.) The·!.,.~ :;. .:, cx:·!•?;:~lve 1.n1intr:ntionr .. l -co1.:ipw1.1n5 bet;~~~cen fue b: .. J.r.,.n(~G 
; ·. 11-:! ~:, ~£: £:-upp,J~:~;~11~, .ior:".:~:l.'lr0 sense •~i rc:1~i t& lr1 t}1c CRV-~:6031 rei::•?.?1:::-tft~ t.t ~~ c 
Ji:~':!ct- ~es~tl t of r:.he }eF;d.:; frcHr1 t:;.t;se tr;;0 ~ircui ~-3 Rnd ~,.1!1i-~h 1~onne~t to r;. 
corrmon tta t l-c~~pE,,ci ty iJ;:--1i tch, bei n:i l aced toge ther· .. Tne.se eir~ni t:.; :-_ ~·c 
r·r::so.:.l?:a1t £.1.t f1ppr•o7,,;:.5Jnc .. ~e1.y· 800 le~:, a.11d rer~ct ;,t; i ~~h the e·xternc ... l loop ei~cu'l t 
·11hen there i s maxi:Jur.1 :::-:>upling betweC!n the balanc~r- coil and the loop eiJ·~ui t, 
co as to reduce ti1e loop c~::~cuit n~~'' lit that frequen::!y by & lu.ri:;e £i1~101..L11t~ 

Thi s r ea ,::tion is present only when no sta..."1dt.!.r d bE!la!'lce antenna i s us ed. The 
loop circui t 11 <;, 1 s 1' ue. reported in refcreJ'lccs (b) ::.nd (c) on t-he :fodels DO 
CTld DQ cquiprnen ts r enpecti·;ely, wer2 deter.:nined with out the us e of & s t 1:,ndard 
bale.nee antenna, and without regard to the setting of the balc:nccr ~on trrJl. 
Hm.rever, since the loop circui t "Q" curves for the high frequency band fO:!.' 

each of the Models DO and DQ equipments show t he effect of recei·,•cr :ceaction 
on the loop circuit "(' s " as evidenced by the dip Jn t::ie cu:rves, a:1d, s ince 
the results of the f,ubj ect tests show that tt.is re1:ic Uon i :=, mG:·:im1.t-n f'or 
maximum coupling between the balancer coil c:.ml the loop c.i:rcui t vii t h in the 
recci ver, 1 t st.s.nds to reas on th&.t the balr-;.r1ccr coil was set nenr i ts +50 
position for the test::~ i::s reported i n reference$ (b) &ml ( c; for- the 
dctcrr.1in"'tions of loop circuit "Q ' s!'. 1foreover, this reu.ctlon ls 1.:: di:::-ect 
flmction of the degree of coupling be tween the b&lancer coil and the loop 
circuit within the receive!.'. 

(b) The llQ" of the CRV- 69003 loop r,.bove, whether t uned ,vi th the 
CRV-46031 or the Gener,.il &,dio precision capr.ci tor i s considerably ere::"cter 
t han 50 at all frequencies provided, of course, that the CRV-1,6031 receiver 
is operated with an antenna. In vieVI of the superio:i:·ity of the construction 
of the CRV-69014 loop (Model DQ) over thr.t of the CHV- 69003 loop , l t is safe 
to ussume that the "Q" of the former l0op will be greater tha n t h., t of' the 
l atter at any frequency. The 11Q1 s 11 of the combined loop circuit used for the 
s ubject tests; i.e., l oop, peder,tal, ::md 10811 loop-rBceiver cable, i s less 
tha.n 50 for the higher frequencies under all con di t.ions of measurement. The 
1 08" loop-receiver cable offers a gree1ter loss to the loop than docs the 
pedestal by a. ratio of &.pproximately two to one. 

(c) 'i'he tests reported herein rcve:;..l ed thr,t the error in mcnsurement 
of the radio frequency resist&.nce of the loop ci:::-cuits of the Model 00 
equipment 1:.s report ed in reference (b) a.nL1 of the ;;Iodel DQ equipment as 
reported in reference (c) wo.s as much as 50 to 70% c.t 1500 kcs and about 15 
to 20% at 575 kcs . This i s & result of coupling between the loop and the 
battery leads of the null indicnting receiver used i n the original test 
reported in references (b) and (c). At lower freq uencies this error can be 
expected to be · proportionc..lly les·s . · These errors were not apparent when t he 
ori 6im1.l tests were me.de for the tfodels DO E.nd DQ equipment s and did not 
manifest them;c,elves until the separate uni ts of the ?.'.odel DO loop circuit 
were mer+sured for radio frequency resis tc.nc,~ in the subject tests. The 
<li::crepc:.ncies in the reR111 ts of prelimina ry tests ".!onducted under this 
problem led to furtner invc5tigc..tions which brought about the discovery of 
the lack of sufficient shieldine in the null indica ting r eceiver for accur&tc 
r esults. 

(d) '!'he method of de t ermining the distributed cc.pac1.c,ances of the 
loop-recei ver cables end _pedestal o.s used in the tests reported in reference 
( b) ·.-u.:..s fotmcl to be inr.ccur:,,te. The method c.dopted for the s ubject tests 
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is believed to give 1.:,.ccurate and r elhiblc results. 

(e ) Certa in defects in the con:=;truction of the CRV-69005 pedeste.l 
E'.t,3 erubly , ... nd CRV-69003 loop .::.sscmbly ·::b.ieh ·uerc no t r~pparent upon complet Lon 
of r eference (b) are as follows: 

(1) The wing n u ts of the clamping dogs of the CRV-6900:3 
loop a ssembly do not st&y tightened under conditions 
of' severe vloration . 

(2) The securing nuts on the 1&.rge type General Radio 
·plugs on the top of the CRV-69005 pcdet-t&.l assembly 
are not mechanically strong enough for this purpose 
and are subject to corrosion. Both nuts in the 
case of the CRV-69005 pedest al (ser. No. 42) split 
in three pieces a fter a year ' s s ervice. 

(3) The steel ball in the alemite grease fitting in the 
CRV-69005 pedestal (Ser.No./.,2) hElS rus ted tp the 
extent th~t it is useless for the purpose for which 
it w&s intended. 

(4) The chm1pin6 dogs of the CRV-69003 loop (Ser. No.1+5) 
do not exactly fit the slots in the CRV-69005 pedestal 
(Ser.No./T2) thus sho\'ling the hck of exc,ct i nter·change­
ctbility between units of different s erial numbers. 
This is no t in accordance wi th the requirements of 
specifications, r eference (d) . 

( 5) The plating on the coll ector rings of t h e CRV-69005 
pedestal has 1'liiled to withs t and the wiping actlon 
of the collector ring brushes after 1:1 year 1 s service. 

(6) The insulat.ing etrip c.t the top of the CRV-69003 loop 
(~er.No.42) warped after ~bout 10 mont.~' s exposure to 
the weea. ther, to t he ext ent that the eciees raised off 
of' the loop hous ing ancl thus perm1 ts uois ture to enter 
freely under this i nsulatine strip. 

HECmiwIENDATTONS 

It is recommended: 

(a) That the coupling between the balancer and sense circuits 
of the CRV- 46031 and CRV-L,60311-. receiver s be eliminc.tcd. 

(b) Th,:t the Model DQ loop be approved in its present forr.i and 
t ba t isolan ti te insultt t ion be used for terminal block;:; end lead spacers 
&s employed :ln the CRV-6901,4. loop and sln:.ft assembly for all fu t,.ire loop 
snd pedestal c.sscmbl'ier,. 

( c) Th,1.t l ock washers be provided with the clamping dogb of the 
CRV-69003 and CRV-6900/, loop assemblies to assure thr.:.t t heir respecti•Je 
wing nu ts will not become l oosened under con(li tion~' of severe vibration. 

( d) Thi.: t 1 arge1· securing nuts be provided for the large type 
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Gene!'tcl Rndio plugs on the top:-:: of the CRV-69005 l::lnd CRV-69005B pedesta l 
;,:.~serr.blles. 

( e) Thu t the a.lemite greus e fit tings or1 t he CRV-69005 o.nd CRV-
69005B pedestds which are exposed to s1:;lt atmospheres be provicled ,7it!1 
WE•.tertight caps to protect the steel be.11 ~, from Gorrosion. 

(f) That more excct interchr.ne;en.bili ty between units of dif'f~rcnt 
serial numbers be provided in accordance with the specification 
requirenents . 

(g) That the collector rings be redesigned to have solid sil vcr 
contact surfaces and that plated contacts not be tolerated on any friction 
contact member . This applies to both the 011.V- 69005 &nd CRV-69005B 
pede.stc.ls. 

(h) Th&t the :lnsulG.ting strip at the top of the CRV-69003 loop be 
of f.uch desic;n as to preclude any tendency to warp. 

(i) Thet the loop adjustable bnl.::mcing condenser, Cl6, be seule<l 
o.t the foctory and that its function and method of adjusting be included 
in the final instruction book. 



D:SSCRIPTION OF MATERIJil.. UJ:JDER TEST 

4. The material under test consis ted of one CRli-69003 loop 
assembly (Ser. No.l-1-5), one CRV-69005 pedestal ?.ssembly (.Ser.No.42), one 
108" loop-receiver cable, and one CRV- 46031 receiver (.Ser.No . f~2). The 
loop, pedestal, !md loop-receiver cl~blc fare of the types emplo~'ed wlth 
the tJodel DO radio direction finder e~uipinen t. J:..ttention is invited to 
the f:::.ct that the CR.V-46031 recei ·rer (Ser.No./2) ,121s not used for the 
radio ±:'requency res i s tance measurements reportec:. e ither in reference (b) 
or (c) . For the tests reported in ref. (b;, the CRV-69003 loop 1;;.r.;se;;;bly 
(Ser.No./~5) wE,s used und was tuned wi.th a CRV- 46031.4 receiver (Ser.No.33 -· 
Model D0-3). f'.lso, the cnV-69005B pedestal c:,s sembly (Ser.?Jo.33) ,ms 
u3ed rc::.U1er th&n· the one enployed in the sub ject tests. A CRV-46031A 
receiver (Ser.No.45 - Medel 00-1) was employed for tuning the CRV- 69014 
loop assembly (llodel DQ) in the tests repor ted in ref. ( c) . Neither of 
the t wo receivers Serial Nos. 33 or 1~5 or the CRV- 69005B pede.s t~l wer e 
available for the tests reported herein, the former receiver a.nd the 
pedestal having been shipped out o.f the L.s..bor&tory and the le,tter receiver 
having been installed in the Labora tory test truck f r o!:1 whi,~h it co11ld not 
be moved owing to the uncertai nty of the time when it ·,.ould be needed for 
field tests. 

lIETHOD OF TE.ST 

5. 1be equipment used for making the tests reported herewith is 
as follows: 

General Ra.dio, St&.ndard Sigmi.l Generc-.tor Type LC-1, Ser. #18 
~eneral Radio, Radio Frequency 3ridge Type 516C, Ser. #23 
General Radio, Precision Cap&citor Type 222, Ser. #78 
CRV-46031 Receiver, ter . No . 42. 
RAA-1 Low Frequency Receiver, Ser . Ho.8 
RAB- 1 high frequency receiver, Ser . No.JO 

6. The standard signal generator und the radio frequency bridge were 
placed side by side and cbout 10 inches apart on a bench in <:.nd at one s l<le 
of a screened booth in the Le.boratory. The precision ca:p£:.citor and the 
CRV-46031 receiver, both use<l for loop timing purposes, were pluced on the 
bench at the opposite side of the screene<;l booth. T'ne loop, pedestc.l, ~ .. ml 
loop-recei-,rer cf,ble were assembled together and placed in the aisle and 
midway between the aforementioned benches; The loop wb.s supported on e. 
stand so tha t its center of rotE:,ti on v,as about JO inches above the floor, 
and its plane e.t right anele to the floor. The RAI,-1 end R.t:.!3-1 recGiverR, 
us ed for indic::.:.ting bridge balance within their respective frec;uency 
r anges were set outside of the screened booth &nd sever&l feet acro::::o the 
roo,11 &.way from the booth. 

7 . Radio freqt:.ency sigm'.ls from the st,~:ndard sigmu. generE:..tor 
,iere applied to the r ,,dio frequency bridge inpu t through th8 ntundcrd 
out put cord l!.ccompnnying the stc::.nd&rd .::ignc..l ge:.1cr& tor . !, connection .fro::: 
the loop cuntGr (eround to one aide of the loop) w,,f. mude to the "ser.Leo 
r e s i s tance" terminals of the rc.Ldio frequency b:::-idgc through a shielded l-::n-1 
capc.ci ty c f:..bl0 npproximutely two feet in length, ni th the shield c:.t ground 
potential. This connection places the loop in $erles with the cleccsdc 
res i stance arm of the bridge. One end of the ~onnecting ~,,ble wns provided 
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v.ri :,}1 the mu.le end of c:.n o::_""<linc~ry r·ecep t<:;.cle so Sl.:.nt i t c;ou.lcl be ;)l1.1gi:_:c(1 

i n to the f er:-wJe end of c; .::-eceptacle corrne·::te.d to the l e::ad fron the loop 
~~~nter or to c. simil&r receptacle i:vh.ich vrf,:-.. ~!10:r- t ~;cJ , t-hia l~ttc·c .reccptcc}.e 
be.Lng r e(111.ired for obt&ining tl1e initial bri,:lge br. .. l ,[-.i1t."!C for et.l -~h f ree! i!en-~y 
c. t, ,-:iiich me&surements ,,er e !nade . The '' unk:10•;:r." t c::.·r~i nal.s of :.),·; r .:.cL-:, 
f 1·u1uency bridge were connected to a 50 oht1 r esL:, t0r &nd e.n c, . 001 mler,) . 
f,c:r&d ,;on,·lenser in s eries . The 11detector11 term.ln,d of the 1·:::cUo :·r,::·:~i:,, ;.,;y 
;)ridge Wh S com1t~•::tc<l to the 2Jltennr. cLnd ground t erminals of hll HLA-l or 
RJ\B-1 receiver (dependlne upon the frequency) ,d. th r: t:ciple sh.Leldcd 
,::omluctor, the shield of which served u s tlie l ori pot8:'lt ld return . Dw 
0 1;tput termimals of the loop, or loop 2.nd loop-recshrer cable, or loo,?, 
pedes t al, and loop cable., whichever unit or conbi:'.'llitlon of u.riits WD.G 

concerned with a particular test, was then com1e cted to the CRV- /,6031 
receiver oi· precision condenser as required for t 1.ming purposes . 

8. The test s et up &s described in the fox-eEoing e.ffords a l'1e.:rns 
for ueterrnining the radio frequency resistance of t;he urJ.o&ded or lo~.o.ed 
loop circuit by the substitution method and e. means for determining the 
true inductance and distribut ed capt!.citance of the loop circuit . In these 
te~,ts, the loop terminals c.re at equal potentic,l £,bove ground, whi le t t c 
loop housing, pedestal frame and eable shield are a t ground potenti:=..l . The 
comson ground connec t ion w&s made from the stw1d£,rd signrd generator 
cuse to the sh~elded booth. 

9. The test procedures as described bel0w apply to t h e loop, loop 
pedestal, and loop receiver cable normally assembled toeether. Repeat 
runs were made for the loop -and cable direct •~onne,::ted to~ether and then 
for the loop ~lone. 

(a) Unloaded Loon Circuit. In thi,-,; test, the loop circuit wr:.s tuned 
with the General Radio Type 222 precisi on cond-3nser. The following steps 
were followed in mak5.ng the tests. 

(1) The RAA-1 or RAB-1 receiver, depec1dine upon the 
frequency, wns tuned to the frequency to which the 
standard signr,l generator we,s t:cdjusted . 

(2) The cable to the loop center from the rulio fr·equeney 
bridge Wets disconnected from the loop c:tnd shorted ~:?. t the 
loop end . 

( 3) The radio frequency bri dge v;as ~,6.juc t ed for b<ilt;r:c2 
by adjusting the decade resist,.:cnce arr;; to bal&nce the 
fixed r esis tance in the r•u.nknown II arrn; and adj us t.:ng 
the power fc.ctor and cap2.cl t,,;_nce controls to bt::.l:s.nce 
the i nserted cn.paci tance in th.e '!unknmvn" nr 1:1 and the 
cap&citance of the c&ble to the lcop center. Tbe 
setting of the decade res i Bt c.nce ':"!i:..8- then noted. 

The "short 11 was removed :fror::! the 1 002 br.i.dge c:.::.b.l.e 
and the c&.ble connected to the loop cen ter. lit ten tion 
is called to the fc.~t th:tt by shor t.i.:1g t he loop-bri dge 
cc:.ble at the loop end, itn con::L,!'.lts e.re i n~luded .in 
the initinl adjustment of t he :::-c·di·:i fre.::;uency bri <iGe 
n:1d hence do not enter into the i'!eisr.:rement of' the 



rfidio frequency resistGnce or distributed ~s.p<"ici t <;.ncc of 
th1; loop circuit under test. 

('.J) The loop circuit w&s tuned to resom,rn.:e and the 
decrscle res :i. s tance w1::..s r educed by w-1 5.lllowit equtcl to 
the loop cir cult resistance ,.s determined by a new 
indi:::ntion of null or bfalance. The setting of the 
dec[:de res ls tor when subtrccted from its initial 
setting i s the ro.dio frequency resistfance of the 
loop circuit at the test frec:uency. The setting of 
the p:cecision condenser was noted. 

\, 6,-. This procedure was repected for sever~l frequencies as 
indicated on Plate 2. The setting of the precision 
condenser when plotted cguins t their corresponding 
frequencies converted in terms of wave length squared 
produced the curves sho\~n L'l Pl.s.te 1, fron which the 
true i nductance e.nd distributed ct1pl,citence of the 
loop ·circuit under test may be determined. 

(b) Loaded Loop Circuit. ?or t his te:::t the loop circuit wr;.s 
connected to the CRV-1~6031 receiver, which provided a normed load on the 
loop circuit under test and e..fforded a mecms f or tuning the loop. The 
procedure for measuring the radio frequency resista nce of the loop circuit 
when loaded was the srune s.s described above except, a s fol lows: 

(1) T'ne loop circuit was tuned with the CRV- L,6031 receiver. 

l!.e.!:,suremcnt s of the r &.dio frequency resistance of 
the loop circuit, under test, were rna cle with 
the balancer coil of the CilV-46031 receiver set 
at +50 and with and withou t tt s tr..nda r d dummy antenna 
connected to the. rccei ver . 

(3) lLeusurements of the r&dio f'requency resistance of 
the loop circuit, under test, were made under similar 
condit ions· as (2) exc:e:pt tho. t. the bd,,.ncer con was 
set E.t i ts neutr&l position. 

DAT/. RECORDED DURING TEST!::i 

10. Cor'.iplete dnta were recorded on ell te:t$ o.nd · this inforrnr,tion 
is con tained in Plhtes 1 to 11 c.ppended hereto. 

PROBABLE ERi l.0~:5 I N REi:-;ULTS 

11. It is believed tht..t the test procedure s described i n t he 
f oregoing offer the most precise as well i::.s pr~.ctlenl me.<ms for deterriinine 
the rl,dio frequency resist,,nce, true induct e.nce &..nd distributed Ccip1;;.ci t ttn ce 
of & loop circuit, yet devised with t he equipment LVEsila.ble for these types 
of te.s ts. The tests r eported herei n b<i.ve proved that the re~ul t~ report,ed 
in references (b ) and (c) for sinilGr oeb.sureiiic:nts we1'e ~ubjcct to erro::-s 
vihich did not r.wnifest t hemselves a.t the tlme thos e tests were mi:. c:Ic , owinc: 
to the f[:_ct that these tests were made on the en t ire loop cirCiJi t (loop, 
pedesti1l, r,nd loop-receiver cable) of the particulctr equipment concerned; 
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n~mely, the rfodelt: ro enc} De; equi;_)r;ient,, . ll i.:d r.1ecsur e.ncnts of r t..clio 
frequency ret,ist~Cincc been m,de on the loopci olonc ,,nd then on th<:: loop,::; 
v;i th thei r corresponcllng c:.:.bles , c.s vms done f o:· the subject tes ts , the~,c 
er-r-ors ,ioulc1 lwve be en sel f' evident. 

12. An attempt wns m ,de to mec:.irnre the rc.,.uio f rec1uency res:is tf;n ,::c 
of the CRV-6900.3 loop s ericil no. i:.5 witb r.nd wi t,hovt the CRV-69005 pede;::: tcl 
E;erial no.L.2 nn<l t he 102" loop- r ecei ver cabl e, ·;.:i th the loop circuit unde1· 
test t.uned wi th either the CRV- 46031 receiver, serial no . L,2 , or (1 Genercil 
Rt:..dio Type 222 precision condenser bnd using the s2me mensuring ec.:,cipr.,ent 
c.s ._1sed for the tes t.s described in references (b) and (c) and vlith the 
test set up made in t he penthouse of the La.bor[.tory. It i s to be noted 
especi&lly th&t t he recel ver used .for indica t i ng br idge bc..l,mce VitJS an 
experimental buttery opcrnted receiver and the s2..me as used for the te5ts 
r eported in references (b ) and (c). 

lJ . 1~1easur ementr; of r&.dio f'requency re~dst&nce made under thes e 
conditions ge.ve re8ult~: for the loop, pede~,tal , and loop-re ceiver cuble 
combinations when tunP-d with t he CRV-L,6031 receiver which agreed very 
closely with t hose obt&.ined in reference (b). However, the results obtained 
showed the.t while the rudio frequency rcc,ist r:.ncc of the loop c.nd locp-
rc~ci ver c&ble com bim:.tion TICS, for &ny given frequency, higher than for t h e 
loop £Llone , they \,ere also higher than for the loop, pedes tal, end loop cable 
com bi n~ tion. Similar res ults were obtai ned when the loop circuits under 
test were tuned with tte General Ru1io preci ~:ion condenser. T'.ne res ul ts 
obt,d ned when the loop circuits were tuned with the precifdon concJen ser were 
l et's tlwn the co:rre~:ponding values obt&.inecl ,;hen the loop circui tF were 
t uned with the CRV-L,.6031 receiver by 811ounts which were reasonable enough 
to account f or t h e rr.;.c1io frequency resi stcmce of the l ouding ci:r.-cul ts v,i thin 
tlie CRV-L.6031 receiver . Obviously t hen, the .inconsis tency which exis t;s 
between the ref:ul ts obtoined for the loop and loop-receiver cable combhw.tion 
mid tb,1 corresponding result::. obt£tineu for t:,b e l oop, pede:: t£>J_, and loop­
receiver cable combino.tion is not a func t ion of r eoc:tion on the p&.rt of the 
CRV-/460.31 rec ei ver but is u f unction of the error~ .inherent nith the 
meEcsurine sy s teL'i. 

l L,. . An i nves tig&tion r evesled t hat there w£. s sufficient field fror;i 
the loop to couple Hith the experimentc:..l r eceiver through itr, buttery lec.ds 
to the extent thc.t a sisnal could be heurd i n the heudphonef< wi t.h the 
receiver disconnected from the bridge. Movi ng t h is receiver f urther ,,we.y 
from the rndio frequency bridge les s ened this coupling somewhat, but undei' no 
cont1i tion ni thi1Y prc.ctic,~l l:.mi t s could it be entirely elimim.-.ted. Thi~ 
coupling i ntroduced pht0.se dii'ficultie~ which c:5.ve false i ndi~ations of 
bridge balEnce e.nd hence erroneous r ee.dings. The amo:1..11t of co'.1pli.ne wu: a 
function of t he 11Qn of t he loop circuit under tes-t. It wes found t hr: t the 
only solution to t his probl em wtis to i solate the measuri ng equipment t .nd 
the uni t s under test fror.1 the receiver used f or indicating null by plccing 
foe former in e screened boo th ancl locating tee lE.tte:- at some re!!lote 
distnnce fror1 the screened booth as wns done for the tests reported hereir... 
Furthermore, it is of vital importance t hEct t he r eceiver o:::· receivers u~ed 
for m;ll indicliting purposes be very well shielded. 

1 5. In the tests 1·eported in reference (b) for ri:,.dio frec:uency 
re:::i:::tr:nce , tha nemmring eQ uip~en t uml loop cln:ui t under test v,er,J 
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loc,,ted in c' screened booth , v;hile the expm'iment1;.l battery oper.;.te(1 
r eceiver used for null 1ndic&ting purpo::-e ~~ ·;;.;,.[; l oc:.~ted outside of the 
2crcened booth but only 8.bout f i ve f eet c:i,u:r f ro::c the end of the loop . 
For the r&dio r~:·ee;mmcy resistance meusurernent:-- reported in ref. (c) t he 
c.rrc.n;:;ement of the equipment wus similarly orTi:,.n ged except th0t t be 
experim1:,nti:l receiver located out s ide of tbe screen ed bootb was only 
c.bout 3 feet from the end of the loop. In both imjt~mces, the experirr!e11U,J_ 
r eceiver w&.s <lirectly exposed to the field of the loops. Ther·efore, the 
r esi.:l ts of the me&surements for radio f r equency 1·esis tt.nce , reported. i n 
r efs . (b) and (c) for the Models DO c.nd D~ l oop circuits respectively, a re 
subject t o the same errors as was noted in the similc.r t ests made in the 
penthouse. !,:oreover, s i n ce the coupling bet;neen the DQ loop and the 
null i ndiccting receiver was greater than for the DO loop, the errors of 
mec.surement c.re i,rrea.ter for t he foroer than fo r the l&tter. 

16. In the subject tests f"or rndio frec~uency resistances us ·,.ell 
.:.;a; for corresponding tests r epor t e d in references (b) and (c), t he result:.; 
are independent of the riccur£-cy of' the radi o fre(luency bridee s ince t h es e 
results were obtained by the substitution method, but they 1:,:?:"e dependent 
upon the degree of coupling between the loop t,nd the null indicating 
receiver. The frequency at which any parti culLr measurement wc.s mr .. de is 
dependent upon the a ccttrt!CY to which t he standr-; rd signal generr,tor covl ci be 
set which i s wi thin ±_0.1%. The f ollowing t able gives the es timated 
cccurncies iii th_ r-Jiich rE:.di o frequency resis tr~11ces viere measured f·or the 
test s reported herein, ana the probable in;;.ccur·&.cies of similar measurement[; 
reported in reference ::, ( b ) and (c). 

Description of Loop Circuit 

(1) CRV-69003 Loop (Ser .No.LS) CRV-69005 
Pedestd 0nd 10811 Cable (subject t es ts) 

(2) Model DO loop (original tests reported 
in r ef . (b) 

(3) Model DQ loop (ofiginal t ests 
r eported in ref . (c) 

1~ccuracy of Measurement 

±_1% in f r eq. 
±_0 . 2 ohm in res . 

±.1% in f r eq . 
15% l ow in res. a t 
575 kcs, 50% low i n 
r es. at 1 500 kcs 

±.1% in f req. 
20% l ow in res . o t 
575 kcs . , 70% low i n 
res. at 1500 kcs. 

Hote t hat for (2) and (3) the percent of inaccuracy in the r .f. r esistr:!1 ,.:c 
men::u rements decreases with frequency. 

17. The a ccur ncy of the calcvlat ions for loop circ ui t ''Q" nt rny 
frequency fro .. : the cor r esponding resiste.nce measurer:ient at the s~me f r e::!_uen cy 
for the subject tests i s within the limits of ±. 1%. The loop circuit ''Q's" 
&s report ed in references (b) e.nd (c) e.re high in vt:.lue fro:w 575 to 1500 
;-;: cs sin ce their corre sponding i. f. resi str,nce Vc:l ues E,r e low. 

J.8. The ctlr.uhl tlon:s of the true inductc..nce.s und di::: t.r l butcd 
ce.puci tun ces of the CRV-69003 loop, CRV- 69005B pedc :-. t al leods ~.nd 108" 
loop rer.eiver cable lends, tc:ken -separr,tely or collectively, und determined 

-6-



frow t-lie wr,ve length ,;qn£irt;cl curve~ shov-in on P::i., .. ,,-te l of' tl,i.:., 1.•,~po~·t, ;;,1:E, 

"'ccur-..te to within t.5% for induct,mce 0nd ~10% i'or .::;~;pc,Git.Dri.cc: . " 
further di0cussion of tl1i0 st~bj ect c.s aprly-:!.n·~ t '.J t-!~e ~i~~1.l~tr r8f.u1 t.;,~ 
report.eel in references (b) c:,nd ( c ) wilJ b8 given ;_mdcr Ri::.C,UL';:·0 OF TE~/I'. 

RESULT:::, OF TEST 

19. True Inductance end Dis tributed Carac-i tr,.nce. Pl .::.tc l sl1ov:1::: v.-;:.vr:; 
length squared curves for deter mining the t r ue i nc1uct.s.nces c:nci dlst ributed 
ca.paci tances of t he CRV-69003 l oop with and without its c:f,socir ted CRV- 69005 
pedestal &.sf.<embly and 108" loop-re ceive r c&ble. Ti-w true loop circu.i t 
inductcmces ,.s calcul&ted from dc.tc taken from the three curves shmm on 
Ple.te l are E,s follows : 

CRV-69003 loop &.lone • • •.• • •• •.. .• .. 
CRV-69003 loop vrith 108" cable •• • •..• . 
CHV- 69003 loop with CRV-69005 pedestal £;.nd 

108'' cable. . • • • • • • • • ..• 

59- 2 r.ic:rohenrief; 
60. 2 " 

61.7 11 

The Cc,lculc:,ted induc tance val ues m·e based on the formuln 

Where incremented slope of the wcvelcngth ,_;c:ur.rec cirrvs 

L = t rue loop circuit inductance - IT,icrohcnrics 

3.553 = a constant 

From the o.bove data, then, the inductances of the 108" cc.ble £;nd CR'l- G9005 
pedestcl ..;.ssembly c:.re obviounly 1.0 and 1 . 5 r:icroheiffie,,, ::ePpect i v e}:, . 

20. The totw inductonce o:f the loop, pede~;t c.l, ,md rece.i. ve:r, 
coupling cr;;.ble down to the receiver conner! ting ter mino.lf f, ;-. rr;et,sm·eu lm{}er 

the subj€:ct test is 2. 37% lov;er ln vclue thr;;.n t.hEct p,iven i r, p,. ;.· , (c~) pq:e "i7 
of NIU.. Report No. R- 1134 for the Model DO equipnent. It is con::::idered to 
be, however , in close agreement -.-,ith tJ1e ori;inc.l -,r;:;lu::: in vien 0f' tl2e f::-:ct. 
that it was mecsured by a different proceciure. Pu· . 20 of ~.::li:.. ;:-,,ipo.·t. :-;o. 
R-1141 gives fc vi.lue of 64 . 3 mlcrohenri ef' for the tr:_1c indt1 ct.~.1~~f:; of thE. 
CRV- 69014 loop en d i t s nssoci a. ted p edestal ruH1 loop r ;;ce.i veT ,_:r l:l c . 

21. The curves on Plate l shov1 the di2,tributed r•,;pnci t,&!lGC of t he 
CRV- 69003 loop to be 1 6 micromi cro.fr.rac1s, tbr~ t of the pcd8n t :.:.:. 1 c,,(:s to ~-e 
32 micrornicro.fc.rci.ds and tb&. t of the loop-receiver ,~i-.blo to be 72 rn:i.~~r·o-
mi crofarads. . P~r. ( d) on page 57. of ref. ( b) st;;. tes ti:w t, th r, di;-, tr ii::;i..:. t-cd 
cc.pncitance i s 12 micromicrofarads for th,3 GRV-69003 loop, 33.9 ,;;ic·m,,ir-:ro­
farads for the CRV-69005B pedestal lel,ds1:-nd 103 mlcron;i(~r o.;"'1,2·::,c~f· for the 
loop receiver· cuble, The distributed c,,.p6citl'lnce of U1e }oop rtr,r, dct.c::> 
mined by taking the difference beh·:een the total (~ist,r.:ituted -::f,p,;citi,oec 
of the loop pedestal end cable, E;.nd the su[1 of the mc:t,:mret1 old.rlhutec: 
capaci tnnces of the pedestal lecds and the loop nH:ei.vi.ff Ch hie. These 
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.r.•.1' ···w:-r ·~ 0 · •. - ,c •: i· , · e >' J·n 1•,c; f· ( •o'· f'or "- 'n·;, loop 1·er-e, ~"8I' ·· · l·1' ;o- ,·,1t·' D~,,.-,,., <-· t ··1 1 •1• · ··(' " J. t, t:-t, . .1 c;;_,..,_ t°.> V -•! . ~ '- ( \ J I,,.,. t::; . _ .1 .• .J.... ~ • .• c.,, . ,L .._ r. ,. l ...... .. ,-, y1.• . · • ~--' J... i;,;, , ~ J,. • 

v1en:: epplied to ref. (-~; t,n(i 2ppe1.i.1' h i pur . 20 or t.r~H. r efl'TP-n,:e. lt v,.,j lJ 
be uot.ec'i tbc::. t t be~:c f l gure~ do not 2gree wi t b t.hE, corr-ci:pof1d::i.r,c f i§;tJ,e-~ 
derived from Pla te 1 &ppended hereto. I t will ce n oted [,l := o tbr t t-llc t c-tz::l 
distributed cfapBcitc.m ce of the Model DO l oop, pede:; t Dl: Lnt, c ,,J./1e ,::o ;:,1.,5._i, ; d:,j o 11 

&nd shown on Plate L, of ref. (b) is 1 50 mi cromicroff,Y't!d2 whi cP if i 1·c~ ter 
thc.n that sho,;,m on Plc.te l of this r eport by 30 mic:romtr-rofc:, , ,:; c1s . The 
f ollowing discussi on will explain the re1:, s onc· for t r. is di s c:r·ep£,ncy end w:D l 
hp_ply to ref. ( c) as well as ( b) for i t will be not ed t hi:; t on Ph. te l . of 
ref. (c) -the tota.l distributed capad.tan,!e of the Model DQ loop end :its 
pedestal and l oop- receiver cable is 1 30 micr omi crofur c:.d ;:c: . 

22. The pr ocedure described for determi ning the w&ve leng th SC! UcJ.red 

curves for the subject equipment permits ver y precl~e tuning of tl:e loop. 
Bence the results shown on Plate 1 of t his report i~re mor e nec,rly correct 
the.n for .those shown on Plc.ite 1 of refs. (b) or ( c). Ir. t hc::se l e t ter 
ins t ances' the loop wa s tuned with a precision c:ondenser at the receiver end 
o f the loop receiver Cfs.ble. The test radio frequency 2i gm ,J.. :;,t, i: fod f rom ;;, 
st&nd&rd signc.l generator directly into t he loop cen t er c...nd :::·er.orn,ncc ·,1, .. 2 
indicuted by a "slide be.ck" type of vacuum t ube vol tme ter bri,:.~in t: t he 
prec:w1.on condenser. Now while this methoc: if:. sr; tid 'a ~to~.-y it i r, l e£, :=: 
p recise t hun the bridge method owing to the fa c t tha t one cwrnot c.(1te-::t 
the absolute poin t of res onance by this vizunl r.-wu,s ur: t y the o:!'.'hl ,-r.cccns 
afforded by t he bridge method. It is rebsonable t o ctS ,::tJJlle t h <, t the erro r.-
i n determining the point of resommce bJ' the vl n ,1,:il n,ethocl woule: be ,~onst::,nt 
for vl l f requen cies, but, this error, prob1:-bly ~s !!.!Ueh c;.s :. 5'.i i n ter1n s of 
t uning capa city , would be sufficient t o ehange t,he slope oi the wave l eng th 
s quttre -::urve by such r.n f:r1oun t as to indicate fj higher distributed 
capacitan ce for the loop circuit them actually exists. Since the di r~tribntecl 
capaci tances of Mod elf; :CO loop as repo!.'ted in ref . ( b) and thr"t t of Model DQ 
Joop as r eported in r ef. (c) were measured under tbe some precedure, it i s 
reasonable to assume th&t the same difference bet;-;e en their distributed 
capacitances would continue t o exist if they v,ere both obtained by t he bridge 
!!lethod. Hence , by this rccsoning i f the di r,tributed CE:.pucitance of the 
totc:;l loop circuit a s determined in the subject tests for the Model DO loop 
is 120 micromlcrof1:.ruds, that of the Model DQ loop would be 100 micromfr:r-o­
fa.rads. 

2J. The above explanc .. tion for the di:cscrepancies may Yiell be c.pplied 
t o the discrepancies found in the calculat i ons for true loop circuit 
i nductance . 

24. The di s tributed capacitances of t be CRV- 69005B pedestE:.l end 108" 
cable used for the tests in ref. (b) were ,:neasured on a Genere..l Radio Type 
650A impede.nee bridge. In mcl<ing thes e me,:;surements t he two l e ,:ds were not 
a t equal potential with respect to g-rouncl. E•n,l therefore do not .<-:i mul[. te 
actual opera ting conditions and a.s a. res ult the cap2.ci t y me,1suremen t s mus t 
be somewhat in error. It will be noted t r.[:.t the me"'surement of the 
·di s tributed capc1.ci tance of the CRV-69005B pedcf.td lend c:..s determined by 
t he method described in ref. (b) is 33-9 niic\ro11licr of;_,r u.ds, viheren.s for 
the distributed cu.pacito.nce of the CRV-69005 pede~; tal l endf; us de termined 
from the wave length squared curves shown on Fl&te l of t hi::, r epo.ct if< 32 
mi cromicrofnrs.ds . I n this latter i nstanee, bo th of the l ends in t he 
pedestal are at equal potentiel above groun d bn d the pede~:t:.::l housint: i,; ct 



ground potential . The c,.-!>a cit&nce tlius clcte1iTlincc.1 is t.he norm6I va.lne. 
Simil/5.r l y, the i mpedc:nce bridge method give~, 6 Ytlu~ of 10; ,I, i:~1·or.-,icrofr.,.r-f;ds 
for the distributed c,:paci tD.nces of ti:G looi)-recei ver· ceble_, v;111~rci-'.f' the 
wc,ve length squar ed curve.s shov:n on ? l e, te l si veD ! : v,:l ue or cr::cy 7':. m:i:-:y·o­
r.iicrof&rr.ds s howing the effect of' t he :.c:tr c:.y ct~pc:.ci tl,nces betrreen the c.::.ble 
lee.us and shields in tlle h ,tter n;ethoc; :,,nd not cccounted for in the former 
method. 

25 . f or conveni ence the f"ollowing t&ble i f; gi ven to :=:how to wht.t 
extent the r esults given in ref. (b) and (c) for the distr i buted ce.pci.citances 
of the rSodelf: DO and DQ loop cireuits are E,ffected by the rei'mlts obtained 
from the subject tests. 

Description 

Tote.l loop circuit; i.e. 

f.fodel DO, ref . (-b) 
Orig.Value New Va.1 ue 

loop, pedestal, and 108'' 150 1 20 
cc .. ble. 

Pe<lestal leads 33.9 32.0 
Cable l eads 10.3.0 72.0 
Loop 12.6 1 6 .0 
Loop and pedes t al lec-.ds 46 . .5 /18. 0 

:iote: .,::.,11 vc.lues in micromicrofarc:ds. 

Model DQ, ref. ( c) 
Orig.Value New Value 

130 100 

10.3.0 72 . 0 

27.0 28 . 0 

26 . Plate 2 shows 1·1:-dio frequency resi s tance cm:ves fo:::- the CRV-69003 
loop with cmd without its associated CRV-69005 pedesti,l &ml 108" loop- recei ver 
.cable and with the loop circuits tuned Yii t,t c:; Gecer~-;,l Radio preciaon 
cr.pt,ci tor. It will be observed thn t these curves &.re without irregul a.r l tie s 
Mu tha. t the 10811 cable offers 1:1ore loss to overall loop circuit than does the 
pedestal. Corres pondir:g loop cireui t l! ~•sn shov,n on Plc:.te 3 were c&lculated 
from the formul&. 

Q WL 
R 

v,li ere L == loop circui t indnctc.Dce in millj henries 

R == l oop circuit radio frequency resistLnce in ohms 

w =2.Trj , w!:.ere f -- f r equency i n kilocycles. 

The " QI s I! were calculated for corresponding r&.dio frequen cy resl:::, tE.nces e1ncl 
from the loop circui t indu-:!t&nce determined for tte given circuit condi tion 
from the vmve length squar ed curves shor;,n on Plr.te l. The "Q 1 s 11 of tbe 
1oop done Dnd. unlouled, a r e better than 79 'Nh ere,ss they f alJ below the 
Gpecific&.tion limit of 50 (par. 79, ref. ( e ) ) ~1bovc 1200 kcs v:hen t he loop 
is used with the 108 " l oop-receiver c&.ble ,,nd c.:bove 900 kcs when it i s used 
viiU1 tr.c pedes t a.l €,nd 108 11 loop-receiver c~;_ble . l :1 view of these r esults 
plu~ t.Lc f r.-.ct thft t the const,ructio!'l of the t:ode.:. DC~ loop (CHV- 69011.) i s 
~upcr ior to that of the CHV-6900J loop , it is sr.fe to aSSlu.ie th1st the C., 
of the CRV-69014 loop t.lonc wi ll cc 'cet ter- th:,n 80 ,~ t ~,.Li f r equendes . 

27. Plate 11 showr. rt:di o free;uency re::.:i~·tr:-.nce curve::; of the 
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CRV-69003 loop v1lth and without i t .s &.ssoei0-ted C?V-69005 pedestr~l &nd 108" 
loop-receiver cable, tuned with t lrn Cf.V- 4 6G;l receiver r:.nd r1i th the 
balancer coil of t h e r e ~ei ver set r, t i t8 nentr£,l position. No .standE:rd 
dur.uny c.ntennr:. w1-H, used with these meDnu.·ei:,cnt:s. Corresponding cd.culcted 
loop circuit ''Q'' curvef: 1::re shovm on 1-'lL t e 5, R[,c1.i.o frec;uency resistance 
curves obto.ined un der $1.;nil&r condl t.ions b ut with the balancer coil of the 
receiver at +50 o.re shown on Plate 6; v,hi1e corresponding calcvli,ted loop 
circuit "Q11 curves [:re shovm on Plo.te 7. 'The loop circuit "Q" curves shovm 
on Plates 5 and 7 were calcula.te<.1 from the :for·mula of par. 26, for 
corresponding radio frequency resis tc.n..;es shovm on Ple. tes 4 and 6 
respectively, &.nd suitcible induct(.;..nce vclues obtained fror:i the wc.ve length 
squnred curves shovm on ?lHte 1 of this report. To ench of the inductance 
vul ues obt£,ined from tllese curves is ridded 12 microhenries, the indactrmce 
present in distributed forrri in the receiver loop circuit. It will be not ed 
on Plate /,_ thr..t there iE a slight irregularity at approximately 750 l:cs in 
the radio frequency resif.;t::..nce curve for the loop, pedestal, and loop­
receiver cable col".lbim,.tion, whereas on Plate 6 all curves show a decided 
peak nt cpproxi.i,'.c.tely 800 kcs ·,:her. the bs.le-nccr coil ls set c:t +50 instead 
of neutral. ''I'his irregulhri ty in the upper curve on Pl& te 4 and the petls 
in ~11 of the curves on Pla te 6 c.1·e Jue to interf.r'!tion between the balancer 
circuit :.m<l the s upposedl y inactive sern,e cir cuit c:1-s a result of 
coupling between the leods of the two circuits which are laced together 
&.nd connected to E. cor:u:iOn anti-capu.ci ty switch operated by the band switch 
cont rolled f r om the front panel of the CRV-L,6031 receiver. 

28. The use of c:;. s tanda.:cd durr,..1,y antenna. cha."lges the cons tan ts of 
the bal&ncer ci rcuit to the extent th;.:.t inten,ction between it and the sense 
circuit is eli minated. This is illustrhted on Plates 8 and 10. As is to 
be expected, the rc,dio frequency resistcJ.1ces of loop ci rcuits when loaded 
&nd tuned vii th the CRV-46031 receiver c.re bi~her than when the sc\.r.le circuits 
llre tuned with the Gener<ll Re.dj_o precif'ion -~ondenser. Hence the correspondine 
loop circuit nQ1 c n ere less for the l ouded loop circuits th£.n for the 
unload,ec1 loop circuits. 

29. The loop drcuit "G" curves shovm in ?let es 9 and 11 end for 
the test conditions wher8 the standcrd durnJr.y antenn&. is employed with the 
CRV-/,.6031 receiver , s how t hc.t the loop cir cui t "Cc" vclue is les$ thr,n 50 &t 
frcqueucies greeter than 930 kcs. It is to be noted Glso that were the 
cor responding curve on ?lE,te 9, ref. (b), corrected to ~tccount for tl1e errors 
i :1 rnec.surer:1ent <'..S dlsc:us f,cd urider pc.rs. 11. to 16 of' thi:::: report, tha.t this 
~urve would r:.;;ree very- closely with tho. t shorn on PlR tes 9 or 11. 

JO. .A sumrn1.:s17 of tl:e defects noted E.f. c. 1-er-ul t of the subject tests 
.::nd those defects noted i n the construction of the loop and pedei::tel 
assemblies for the Models DO, D0-1, D0-2, und D0-3 equipments .-1hich were not 
c:pparent upon the completion of r·ef. (b) are c,s follows: 

(a) Excessive coupline axists bet ween the be.lancer t:..nd 
sen&e circuits of the CHV- 1,6031 nnd CRV-l,60;ll, 
receiverf.. wl1e~ no antenna. is used such that its 
reoction on the extermtl loop circuit ls to reduce the 
loop circuit nc.'." very apprecit:bly 1...t ~pproximv.tely 800 
kcr,: when thetc .is rnwd.wum coupling between the bt.:.lancer 
coil ci.nd the loop circuits wi t hin ei tber rccci ver. 
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(b) The win[; n ut ~. or. the cli:ny__,ii:5 c.ogf, on t.he CRV-69003 or 
GRV-69001; Jiecle st<--1 ~,ssemblic ~: do no t r cm,·.i n tigh t 
under condl tions of scvcr·e vl'or£, ticn f. . 

(c) lne E-·ecurint: n-utr., or! tht: l,Lrge t~rp8 c;enerc ... l Radi o 
plugs in the tops of the CRV-6900 ~ or CR.V-69005B 
pedestal ,-,.ssemblies 5re uot mecht;.nicclly 1-trone for 
their intended purpose fand c:.re subject t o corr osion. 
In the cn.se of the CRV-69005 pedc.s t0.i c.::;sei:bly (Ser . 
No./4.2) both nuts split in 3 piecec= u.nd showed ~onvineins 
evidence of corrosion. This f ~.i l nre of the seeur ine nut s 
took place ~.fter c:ibout a ye[,r' z .service. 

(d.) The s teel b&ll in tbe de.mite grec:,se· fit t ing,:; ln the 
CRV-69005 or CRV-69005B pedezt c:l G.Sf;emblies, and those 
,-.hich a.re exposed to the weather h&ve rusted to such 

· extent thtct they a.re useless f or the purpose for which 
they were int.,ended. 

(e) The CRV-69003 loop c.Ssembly, 0er.No.45, does not excctly 
fit the CRV-69005 pedeEtd rsscmbly (Ser . No.42). Thi!': is 
a decided indication that interchimt;ec:;bil i ty between uni t s 
b f.vlng different serial number ::: doer not exi;.;t for all 
units as required by the specific&.tioos of ref. (d). 

(f) The plc::.ting on the collector rings of the CRV-69005 
pedestal assembly (Ser.No • .l.2) l~ entirely too thin and 
wore throi.:gh to 1;. br~ss cont4ct after a yec.r's service. 

(g) The ins nhting strip c.t the top of the CRV-69003 loop 
(Ser.i-.Jo./~2) we..rped c:.:fter about 10 months' exposure to 
the wet.:.ther, &nd to the extent thc:..t the ec1ges curled &way 
from the loop housing thus perrd t ti:ng water to enter under 
the insulEit.ing strip. 

CONCLUSIOH~ 

31. There is excessive unintentional coupline between the br,1Emce 
und the supposedly in1:ictive sam,e clrcuits in the CRV-46031 receiver ~s 
e. direct re:rnl t of fae lee.els fro!:: the~e two circu.i ts c.nd \·1hich connect to a 
common i=..nti-c&p[,city s,d.tch, btling l'-'-ced t ogether. 'i'hei:e circuits ere 
resonnnt ~t npproximhtely 800 kc& 1::.ncl recect ,·;ith the external loop circuit 
uhen there is mciximum coupling bel~WGC!'l the b1:Jlr·.nce.r coil an.cl the loop 
circ:iit so 1::.s to reduce the loop circuit "G'' 1.,t thi;. t frequency bs :'! lr~rgc 
~mount. This renction l~ Dresen+. onlv when !)O :;t undnrd bc:.l,~nce <=mtcnrw 
i.s used . The loop circuit. r!C;'s" c.s r~port ed ln r e fR. (b) ;:~ml (c) O!'l foe 
Models DO and D~ equip,'Tlents respectivol;-;r, were deter;:1lned wi tl,out the v ~; e of 
n ~tandard be.lance e.ntenm, , f;nd without reg<1x·d t o the setting of the 
blclanccr control. However, since the .loop :::ireui t, "C.:" curve;J for the n 1.gn 
frequency band for e.::ch of the Moo.els DO anc: DC', equi1)men ts s11ow t,'.-1e Af fect 
of receiver re<1ction on the loop circuit "C~ 1 s " u:.i evidenced by tbe dip 
in the curves, and, since the res ults of be .:;ubjcct t;;2its .show t trnt thi:, 
!'-e:::.ctlon is T:lF.1xi:n~ni for mi.xinum coupline bet·.,cr~ri t !1e bdr:n~er ro.il m1cl 
the loop ci r -~uit ,1itbin Lhe r·ec0iver,- it :~tb.nd:-', to refason thf:: t the balt:nct1.~ 
coil wu; set n~nr i t.3 +50 posl tion for ti1e tests -c..,S reported in refs . (bJ 
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u.nd (c; for t'.ae ueteri!LLno.t.iom, of loop ci.reuit n(~ 1 sn. 1foreover, t:,ls 
re&ction is r.. direct funct.ion of the degree of coupJ.ing t>s t'Heen tl'~e 
bc:.lancer coil and t..'-i.e l oop cireui t wl thi n the reGei ver. 

)2. 'l'hc 11C, 11 of :,he GRV-69803 loop r.lon;:, whether tuned wi th the 
CRV- 46031 or the Gener0l ;'u:,.dio precision cap&cito1· i f: eonsi.der:::.bly 
gr ea t er th&n 50 c.t &11 frequencles provided, of cou,se, t,k.t the CRV--l60Jl 
receiver ls opera ted ·,dtl1 an e.ntemw.. In view of tl-:e .::mx;r ioritv of t he 
cons:.ruction of the CRV-69014 loop (ilouel D~) over tr1E: t ~f the Cil.V-69003 
l oop, i_t is safe to assume thi:.t the "Q" of foe fo1'mer loop wi ll be grea te.r· 
thr.n that of the latter at any frequency. The " (~ ' :=:'' of the •'."!ombincd l oop 
circuit used for the subject testt, ; i.e., loop, pede;st~l , r,nd 108'' l oop­
receiver cable, is less than 50 for the h i&her frequencief; under all 
conditions of measure111ent,. The 108" loop-receiver cE,blc offer::i c. grc&ter 
loss to the loop than does the pede::;tul by t: r,; t i o of t:ppr:ixl rw. t cl~r two 
to one. 

33. The test2 reported herein revei:i.led thn t the error in □easu.re-
ment of the rc.:.dio frequency resistance of the loop circuits of the Llollel 
DO equipment ~s reported in ref. (b) and of the t:iodel DQ e; ui pment rts . 
reported in ref. (c) was ~-s much &s 50 to 70% at 1500 kcs and about 15 to 20J~ 
at 575 kcs. '!his is n result of coupling bet'Neen the loop and the battery 
le&.ds of the null indica.ting receiver used i n the ori:,i;inD.l tes t reported in 
refs . (b) and ( c). At lower frequencies this er-rm· ,:!an be expected to be 
proportionally l ess. These errors were not app~:rent when t he or.ieinnl tssts 
~ere me.de for the Mouels DO c:.nd D~ equlpmcn ts ,,nd did not r.1~~11.ifes t. thems€1 ve::.: 
until the scpara tc uni ts of the Model DO l oop cir cult we1·e m.e&s u..red for 
r;..dio frequency r esist;-.nce in the subject tests . The discrepwic.i.e.s in t.h.e 
resul ts of preliminar.r tssts conducted u..r1.der tels _problem led to f -....:rther 
.i.nves t igf;.tions v;hlch brought about the discover·y of the l 1=~ck of sufficient 
f>!lielding in the null indicating receiver for faccuru.te :results . 

34. The method of determining the distribute<l Cci.p&.cltr,nc,3,s of the 
loop-receiver cables and pedestal as used. in the test~ :reported in :re±'. ( t) 
was found· to be inaccur1:.te. TI1e method ;.,,,tloptec1 f ,:,r th2 .subject te8ts i,; 
believed to give &ccurr,tc end reliable re::rnl ts • 

.35. Certain defects in the construction of the CRV-69005 pcde0td 
~sser.ibly and CRV-69003 loop ussembly whi~h were not &.ppurent upon the 
co~pletion of ref. (b) are as follows: 

(1) The wing nuts of tne cl&.mping dogs of the CHV-69003 
loop assembly do not stuy tic;htencd under conditions 
of' severe vibration. 

(2) The securing nuts on the h.rge type Gern:ms.l R1:.dio 
plugs on the top of the CRV-69005 peder3t &.l c.s::;cmblJr 
are not mechc.nically strong enough for t.hls pi.irpose 
und :::.re subject to corrosion. Eoth nut[, in tie 
cuse of the CRV- 69005 pedestn.l (Ser.No.~2) s plit i n 
three pieces &fter a yec.!' 1 s servi.:::c. 

(3) The steel bnli in the alemite gre2.se fi ttins in the 
CRV-69005 pedestal (Ser. No.42) has rusted t o t he 
extent thut it is use.less for t he puq)ose fo::.· which 



i t ;vas .l.n tend13cl. 

(4) The clam::;,i.ne; do:_;s of thC': Cii.V-(/?C<}3 loori U3er.i'b./45) cb not 
cxe.etl~, fit the slate in the CilV-69005 pod.e;:. t t1l (Ser.No./42) 
th:.ts sho·,--:lnfs the lack of exc::.ct interchon1:;eabili ty between 
unitt.; of different s eri<.tl ::~umbers., This is not in 
c;.ccord£:~;~c wlt.~ the ~!'·equlr ements of spccifi ~ations, ref.(d)~ 

( 5) The plutine on the coll ector rins:;:; of the CRV- 69005 
pe<lcste.l t[~3 f5iled t~ ~ithetcnd t~e v1iping actlon of the 
collector :-inc; brushes t:f t er ~ ye£:r 1 s s ervice. 

(6) The insulc.ting stri p c.t t...1'1e top of the CRV-69003 loop 
'Q ~ L" ' t .... cr.Jo • .!.) warped after about 10 nonths' exposure to 
the we:::.tl1er, to the ex 'c-cnt. that the edges ruised off 
of the loop housing ~nd thus perr.1j ts rnoist ur e to enter 
freel::,r under this insu.lcting s trip. 
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AUTHORIZATION FOR TEST 

1. The tests herein repor t ed were Luthorized by reference (a) . 
Other pertinent data are listed as references (b) to (e) inclusive. 

Refer ence: (a) BuEng. l et. S67/69/L5(/4 -10- W8) of 16 Apr. 1935. · 
(b) NRL Repo~t No . R- 1134. 
(c) N:RL Report No. R- 11/.,.1. 

OBJECT Of TEST 

(d) Specificati ons RE 13A 474A. 
(e) Specifications RE 69A 175A. 

2. The object o.f these tests is to determine firs t, the extent to 
which the "Q's" of' the CRV- 69003 or CRV- 69014 loops are influenced by 
res.ction within their associated receiver circuits; second, the "Q's" of 
these same loops under the conditions as noted in par. (3) below; third, 
the ac.curacy or the radio f~equency resistance measurements as reported 
in references (b) and (c), and f'ourth, the de.fects in the Models 00, 00-1, 
D0-2, and 00-3 loop and pedestal. assemblies vlhich have developed subsequent 
to the completion of reference (b). 

ABSTRACT or TEST 

3. The tests conducted and reported herein are as follows: 

(a) Measurement of the true inductcrnce and distributed capacitance 
of first, the CRV- 69003 loop; second, the CRV- 69003 loop with its associated 
108" loop-receiver cable, and third, the CRV-69003 loop with the CRV- 69005 
pedestal assembly and the 108" loop-receiver cable. 

(b) lleo.surement of the radio fi-equency resistance of i'irst, the 
CRV- 69003 loop; second, the CRV- 69003 loop and its associated 108" loop­
receiver cable, and third, the CRV- 69003 loop with the CRV:....69005 pedestal 
s.nd 108" loop-receiver cable; the loop being tuned with a precision 
cape.citor for each test condition. 

(c) So.me as (b) except with the loop tuned with a CRV- 46031 receiver, 
without the use of s. standard balance antenna and with fae balancer coil set 
at neutral. 

(d) Srune as (c) except with the balancer coil set nt +50. 

(e) Same ns (c) 
antenna. 

but with· the receiver employing a standard dummy 

(f) Same as (d) but with the receiver employing a standard dummy 
ante..l'lJla. 
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with the male end of an o:rdinhl'y recept,;cle ;,o tlH:t it could 'be plugGcd 
into the female enc. of a r eceptacle co.nne•~ted to tJie l ead fron the loop 
center or to a similar r eceptacle w"::lich WaF, ;=-;hor t ed, this lc.::.tc"!' 1·eceptc:.cle 
be.ing required. for obt&ining the i ni ti&l bridge br.,l~nee for et:ich frer~Llenr::y 
c. t which mea~urements wer e made . The "ur .. knawn n t errr:ineJ.3 of th·:! r::dL0 
frequency bri dge ,vere connected to ft 50 ohm res i stor a11d an 0 . 001 micro­
f &r nd condens er i n seri es . The 11detector11 terninal of the r:~dio .:re _,,ency 
bridge Wb.S conne,!tcJ to the c.ntennr-.. and grouad terminals of un RJ. . .A-1 or 
RAB-1 recei vcr ( dependinl upon the frequency) ~,i t..11 r, t riple shielJcJ 
contluctor, the shield of which served as tl.e low po t~nt ial retur n . The 
011tput t er:ninals of t he loop, or loop and loop-rece l ver cable, or loop, 
pedes tal, and loop cable, whichever unit or co!:!.b i!la tion of units wa::i 
concerned with a particular test, was then connec t ed to the CRV-46o31 
receiver or precision condenser as required for tuning purposes. 

8. The test set up as described in the foregoing affords a means 
for determining the radio frequency resistance of the· unl oaded or l ouoea 
loop circuit by the substitution method and a means for deteri...1ining the 
true indu~tance and distributed capacitance of the loop cir cuit. In these 
tests, the loop terminals are at equal potent i &l above ground, while t t e 
loop hou~ing, pedestal frame and ea.ble shield are a t ground potential . The 
common ground connection was ma<le from t.~e s tandartl s ignal genera tor 
case to the shielded booth. 

9. The test procedures as described below apply to t.~e loop, loop 
pedestal, and loop receiver cable normally assembled together. Repea t 
runs were made for the loop and cable direct connected t ogefaer and then 
f or the loop alone. 

(a ) Unloaded Loop Circuit. In this test , the loop circuit Wes tuned 
with the Gener6.l Radio Type 222 precision condenser. T'ne following s t eps 
were followed in making the tests. 

(1 ) T'ne RAA-1 or RAB-1 receiver, depe!lding upon the 
frequency, we,s tuned to t.11.e f r equency to which the 
stand~d sign~l generator was ~djus teu. 

(2) T'.ne cable to the loop center from t."le r c.:.dio frequency 
bridge w~s disconnected from the loop b.Ild shorted at the 
loop end. 

(3) The radio frequency bridge •ns.s adjusted for bale.nee 
by adjusting the decade resistunce ar~ t o balance the 
fixed resis tance in the 11unknownn a r m; and adjusting 
the power f;,:.ctor and capa cltance controls t o b&h.nce 
the inserted capa citance i n the ''unknown II ar r..1 e.nd the 
capc:.ci tance of the cable to the loop center. The 
setting of tbe tlecade resis t w1ce Wh S t hen noted . 

(/~) The "short" was removed f r om the loop bridge cc.ble 
and the cable connected to t.1-ie loop center. 1\ttention 
is culled to the fact that by shorting t he l oop-bri dge 
cc:.ble at the loop end, its conct~nts a r e incl uded in 
the initial adj ustment of the ~c:.di0 f requency bridee 
and hence do not enter into the meescrement of the 
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figur e s c:s given in ref. (b) for the loop receiver ~d,le ~.nd pedef,t-,:.1 le:~<ls 
v1er e applied t o ref. (c i bnci. a.ppet.r ln pL.r . 20 of thtt refP.,·ence. It wllJ 
be noted thc:d;. tbei:,e flg'..u-cs do not, agree with the corrci,pondh1c; fie.:vre-.s 
derived from Pla te 1 &.ppendeo hereto. It will be noted ,ho thrt the totcl 
dist r i buted ca.pc:;citc:.nce of the liodel DO l oop, pedef;tc:J., c.ml cc,ole r:01,,bim,tjon 
&nd sho\'ln on Plate 4 of ref. (b) is 150 micromicrofarHds whicr is ere~ ter 
thlitl that sho"l'm on Pl&.te 1 of this report by 30 micromi(!rof i:1:!'.'&<1s . The 
following d i scussion will explain the rer,sons for thi~ discr·ep&ncy end will 
apply to re£. (c) as well as (b) for it will be noted thr;t on Ple t e I: of 
ref. (c) the tota.l distributed c:apacitan~e of the Model DQ loop e.nd its 
pedestal and loop-receiver cable is 130 iaicromicrofar&ds. 

22. The procedure described for determining the wave l ength squared 
curves for the subject equipment permits very preci~e tuning of the loop. 
Hence the results shown on Plate l of this report ere more ner,rly correct 
than for those shovm on Plate 1 of refs. (b) or (c). In these l &tter 
instances the loop was tuned with a precision condenser at the r eceiver end 
of the loop receiver cable. The test rt:..dio f r equency sign£,l 7-'~s fed fron t. 
standard signc..l generator directly into the loop center <--nd re::,orn ... nce v1t.~ 

indicllteci bys. "slide·tl"lck" type of vacuum t ube voltmeter brid.gine the 
precision condenser. Now mile this method i ::; sa tis fectory i t i s l ess 
precise th.m the bridge method owing to the f act that one cunnot detect 
the absolute point of resonance by this visun.l ~e&ns ~s by the orw. me&ns 
afforded by the bridge method. It is reasonable to assume thi,t the erro:!'.' 
in determining the point of resonance by the vi n 1al method would be const £;nt 
for t<l.l fi'equencies, but this error, probably ~s much 1: .. s ±. 5% i n terms of 
tuning capacity, Yiould be s-i;ff'icient to change the slope of the wave length 
squ!',re curve by such u.'1. .. .aount as to indicate a higher distributed 
capacitance for the loop circuit than actually exists. Since the distributed 
capacitances of Model s DO loop as repo:r-ted in ref. (b) anc1 that of Model DQ 
loop as reported in ref. (c) were measured under the same precedure, it i s 
reasonable to assume thr.t the same difference between their distributed 
capacitances ,vould continue to exist if they were both obtained by the bridge 
method. Hence, by this rccsoning if the dir,tributed capacitance of the 
total loop circuit as determined in the subject tests for the f.lodel DO loop 
is 120 micromic~of~rads, that 0£ the Model DQ loop would be 100 micromicro­
farads . 

2J. The above explanation for the di~crepancies may ~ell be applied 
to the discrepancies found in the calculutions for true loop circuit 
induct&nce. 

24,. The distributed capacitances of t be CRV- 69005B pedestal end 108" 
cable used for the tests in ref. (b) were measured on a G.enere.l Radio Type 
650A impedence bridge. In mr:.king thes e meL.surements the two leuds were not 
at equal potential with respect to ground Etnd tllerefore do not simulc.te 
actual opera ting conditions and as s. result the cape.city met;.Suremen ts mus t 
be somewhat in error. It will be noted tt.at t he meusurement of the 
distributed capacitance of the CF.V- 69005B pedestcl lead os determined by 
the method described in ref.(b) is 33.9 micro~icrofaruds, vihereos for 
the distributed cnpaci tanee of the CRV-69005 pedestal leadf: ns determined 
fi'om the wave length squared curves shomi on Pl&te 1 of this report is J2 
micromicrofRr&ds. In this latter instance, both of the lends in the 
pedestal a re at equal potenti~l above grOlmd i:nd the pedest&l housine ir a t 
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