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AUTHORIZATION FOR TEET

uthorized by reference (z).

(b) to (e} inclusivs.

L. The tests herein reported were it
Other pertinent data are listed &s refer ence

2} Bufng. let. $67/69/L5(4-10-W8) of 16 Apr. 1935.
b} NRL Report No. R-1134.

(e} NRL Report No. R-11/1.

(d) Specifications RE 134 A74A.

(e} Specifications RE 694 175A.

Reference: {
£
\

OBJECT OF TEST

2. The object of these tests is to determine first, the extent to
which the "Q's" of* the CRV-63003 or CRV-63014 loops are influenced by
reaction within their associated receiver circuits; seceond, the "G@'s" of
these same loops under the conditions as noted in psr. (3) below; third,
the accuracy of the radio frequency resistance measurements as reported
in referencez {b) and (¢}, and fourth, the defects in the Models DO, DO-1,
DO-2, and DO-2 loop and pedestal assemblies which have developed subsequent
to the completion of reference (b).

ABSTRACT OF TEST

s The tests conducted and reported herein are as follows:

{a) Meusurement of the true inductance and distributed cupacitance
of first, the CRV-69003 loop; second, the CRV-69003 loop with its associated
108" loop-receiver ceble, znd third, the CRV-69003 loop with the CRV-59005
pedestal assenbly and the 108" loop-receiver cable.

(b} Measurement of the radio frequency resistance of first, 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
and 108" loop-receiver cable; the loop being tuned with & precision
cepecitor for each test condition.

(c} Ssme as (b) except with the loop tuned with a CRV-4503l receiver,
without the use of & standard balance antenna and with the bzlancer coil set
at neutral.

(d) Same as (c) except with the balancer coil set at +50.

(e) Seme as (cj but with the receiver employing & standard dummy
antenna.

(f) Seme as (&) but with the receiver eamploying a standard dummy
antenna.



ich, bein
r 800 kes

£l loop
znd the loop
& large asmount.
tenna iz used. The
and on the Hodels
and DG equipments respectively, were determined witbout the use of & stindard
balence antenna, and without regard to the setting ol the balancer control.
However, since the loop circuit "G" curves for the high frequency band for
each of the Models DO and DO equipments show the effsct of recelver reactien
on the loop circuit "Q's" as evidenced by the dip in the curves, and, since
the results of the subject tests show that this reaction 1s wmoximum for
maximum coupling between the balancer coil and the loop circuit within the
receiver, it stends to reasen that the bslancer coll was set near its +50
position for the tests cs reported in references (b) and {z) for the
determinstions of loop circuit "Q's®. Horeover, this reactlon is &« direct
function of the degrec of coupling between the balancer coil and the loop
circult within the receiver.

(b) The "G" of tne CRV-690032 loop above, whether tuned with the
CRV-46031 or the Generszl Radio precision capccitor is considerably greater
than 50 &t &ll frequencies provided, of course, that the CRV-46031 receiver
is operated with an antemnna. In view of the superloriiy of the consiruction
of the CRV-6901/ loop (iodel D§) over that of the CRV-69003 lecop, it is safe
to assume that the "Q" of the former loop will be greater than that of the
latter at any frequency. The "Q's" of the combined loop circuit used for the
subject tests; i.e., loop, pedestal, znd 108" loop-recelver cable, 1is less
than 50 for the higher frequencies under sll conditions of measuremeat. The
108" loop-receiver cable offers a greater loss to the loop than does the
pedestal by a ratio of spproximately two to one.

-

of the radio frequency resistance of the loop circuits of the Model DO
equipment s reported in reference (b} aad of the iocdel DQ equipment &s
reported in reference (c¢) wus as much as 50 io 70% =t 1500 kes and aboutb 15
to 20% at 575 kes. This is a result of coupling between the loop and the
battery leads of the null indicating receiver used in the original test
reported in references (b) and (c}. At lower frequencies this error can be
expected to be proportionally less. These errors were not apparent when the
orizinal tests were made for the Uodels DO and DG equipments and did not
manifest themselves until the separate units of the lodel DO loop eircult
were measured for radio freguency resistcnce in the subject tests. The
discrepencies in the results of preliminary tests conducted under this
problem led to further investigations which brought about the discovery of
the lack of sufficient shielding in the null indicating recelver for accurate
results.

(c) The tests reported herein revezled that the error in measurement
s
1¥)

(da) The method of determining the distributed capzcitances of the
loop-receiver cables and pedestal ss used in the tests reported in reference
(b) wus found to be inaccurate. The method cdopted Tor the subject tests

o



ie believed to give ccecurate and reliable results.

{

(¢ Certain defzcts in the constr uction of the CRV-49005 pedestzl
zosembly and CRV-69003 loop -ﬂbmbl which were not apparent upon completion
of referenve (b) are as follo

(1) The wing nuts of the clamping dogs of the CRV-£9003
loop assembly do not stay tightened under conditions
of gevere vibration. '

—
48]
Lo

The securing nute on the large typve General Radio
plugs on the top of the CRV-03005 pedestal assembly
are not mechanically strong enough for this purpose
and are subject to corrosion. Both nuts in the
case of the CRV-59005 pedestal (ser. No. 42) split
in threc pieces after a year's service.

(3) The steel ball in the alemite grease fitting in the
CRV-69005 pedestal (Ser.No.42) has rusted to the
extent that it 1s useless for the purpose for which
it wes intended.

(4L} The clzmping dogs of the CRV-69003 loop (Ser. No.45)
do not exactly fit the slots in the CRV-69005 pedestal
(Ser.lio.42) thus showing the lack of exact interchange-
ability between units of different serial numbers.
This is not in accordance with the reguirements of
specifications, reference (d).

(5} The plating on the collector rings of the CRV-49005

pedestal has feiled to withstend the wiping zction
of the collector ring brushes after & year's service.

(6) The insulating strip &t the top of the CRV-59003 loop
(8er.No.42) warped after about 10 month's exposure to
the weather, to the extent that the edges raised off
of the loop housing and thus permits moisture to enter
freely under this insulating strip.

RECOMMENDATIONS

It is recommended:

(a) That the coupling between the bslancer and sense circuits
of the CRV-40031 and CRV-46031L receivers be elimincted.

(b} Thet the kocdel DG loop be approved in its present form and
that isolantite insulution be used for terminal blocks &and lead spacers
&s employed in the CRV-969014 loop and shaft essenbly for all future loop
and pedestal assemblies.

(e) That lock washers be provided with the clamping dogs of th
CRV-69003 and CRV-69004 loop assemblies to assure that their respectiv
wing nuts will not become loosened under conditions of severe vibre Tion

(d) Thot larger securing nuts be provided for the large type

_-1b-

aw W i



Genersl Radio plugs on the tops of the CRV-A900C5 and CRV-59005E pedestsl
czsemblies.

(e) That the clemite g?e¢59 fittings on the CRV-59005 and CRV-
630058 pedestals whlch are exposed to sslt atmospheres be provided with
wstertight caps to protect the steel balls from corrosion.

() Thet more excct interchangeability between units of different
serial numbers be provided in accordance with the specifiecation
requirements.

2 Thet the collector rings be redesigned to have solid silver
contact surfaces and that plated contacts not be tolerated on any friction
contact member. This applies to both the CRV-69005 and CRV-69005B
pedestals.

(b} That the insulating strip at the top of the CRV-69C03 loop be
of such design as to preclude any tendency to warp.

(i) That the loop adjustable balancing condenser, €15, be sealed
at the factory and that its function and nethou of adjusting be included
in the final instruction book.



DEZSCRIPTION OF WATERIAL UNDER TEST

b The material under test consisted of ome CRV-59003 loop
assembly (Ser. No.45), one CRV-63005 pedestal assembly {Ser.Ho. 42}, one
108" loop-receiver cable, and one CRV-456031 receiver (Ser.No.42). The
loop, pedestal, and LOOP—TﬁCElVBP ecuble are of the types employed with
the Model DO radio direction finder equipment. ttention is invited to
the fact that the CRV-46031 receiver {(Ser.¥o./A2) wus not used for the
radio frequency resistonce measurements reported either in reference (o)
or {(c}. For the tests reported in ref. (bj, the CRV-59003 loop aosenbly
(Ser.No.45) wes used and was tuned with & CRV-460314 receiver (Ser.No.33 -
Model DO-3). A4lso, the CRV-69005B pedestal essembly (Ser.No.33) was
used rather than the one enploweu in the subject tests. A& CRV-46031i
receiver (Ser.No.45 - Medel DO-1) was employed for tuning the CRV-69014
loop assembly (Model DG) in the tests reported in ref.(c}. Neither of
the two receivers Serizl Nos. 33 or A5 or the CRV-69005B pedestal were
svsilsble for the tests reported herein, the former receiver and the
pedestal having been shipped out of the Leboratory end the latber recelver
having been installed in the Laboratory test truck from whisch it couvld not
be moved owing to the uncertainty of the time when it would be needed for
field tests.

METHOD OF TEST

5. The equipment used for making the tests reported herewith is
&5 follows:

Generzl Radlo,&tunaard Signul Generator Type LC-1, Ser. #18
General Radio, Radio Frequency Bridge Type 516C, Ser. #23
General Radio, Precision Capacitor Type 222, Ser. #78
CRV-46031 Receiver, ber. No.42.

RAA-1 Low Frequency Receiver, Ser. Ho.&

RAB-1 high frequency receiver, Ser. Ho.30

6. The standsard siznal generator and the radio frequency bridge were
placed side by side and zbout 10 inches apart on a bench in and &t one side
of a screened booth in the Lsboratory. The precision capecitor and the
CRV-46031 receiver, both used for loop tuning purposes, were placed on the
bench at the opposite side of the screened booth. The loop, pedestual, znd
loop-receiver cable were assembled together and placed in the aisle and
mldey between the aforementioned benches. The loop was supported on &

stsnd so that its center of rotstion wes sbout 3C inches above the floor
and its plane et right angle to the floor. The RAA-1 and RAB-1 recc*Vzrv,
used for indicuting bridge balance within their respective {requency
ranges were seb outside of the screened booth and several feeb acrocs the
room away from the booth.

s Redio frequency signales from the standard signul generztor
were applied to the radio freguency bridge 1nput through the standard
output cord accompanying the stendard ulgnhl gencrator. A conncctlion from
the loop center (ground to one slde of ths loop) was made to the "serles
resistance" terminals of the rudio freguency bridge through a shielded low
capacity cablc approximately two feet in length, with the shield zt ground
potential. This connectlon places the loop in series with the decade
resistance arm of the bridge. One end of the connecting ceble was provided



into the Temale end i & re?eptau*e connested to tnc
center or to & similar receptacie waich wes &l ;

teing required for obtaining the initial bri £is
&t 'hluh measuremnents were made. The urkﬂOPﬂ' terminals

frequency bridge were connected to & 50 ohn resistor and e

farad ,ondenaer in series The "detector" termingl of the rodis

bridge was connecteod to tuu éntenna and ground eernals of an RaL-1 or
R briple shielded

RiB-1 receiver (depending upon the frequency) with I
comdiuctor, the shield of which served as the lo« potontial return. The
ontput terminals of the loop, or loop and loop-recelver cable, or loon,
pedestal, and loop cable, whichever unit or combinstion of wunits wes
concerned with a particular test, was then connected to the CRV-46021
receiver or precision condenser &s required for tuning purposes.

&5 The test set up as described in the foregoing affords a mesns
for determining the radio frequency resistance of the unloaded or louded
loop circuit by the substitution method and & means for determining the
true inductance and distributed capucitance of the loop circuit. In these
tests, the loop terminals are at equal potenbisal above ground, while the
loop housing, pedestal frame and cable shield are at ground “Ouenflnl The
common ground connection was made from the standaré signsl generator

case to the shielded booth.

9. The test procedures &s described below zpply to the loop, loop
pedestal, and loop receiver cable normally assamolﬁu together. Repesat
runs were made for the loop and cable dlrect conngcted together and then
for the loop aione.

(a) Unloaded Loop Circuit. In this test, the loop circuit wss buned
with the General Radio Type 222 precision condsnser. The following steps
were followed in making the tests.

(1} The BAE-1 or RiAB-1 receiver, depending upon the
frequency, was tuned to the frequency to which the
stendard signal generator was adjusted.

(2) The czble to the loop center from the redio frequency
bridge wes disconnected from the loop #nd shorted at the
loop end.

—
‘)
ety
C__

The radio frequency bridge was adjucted for balenes
by adjusting the decade resistunce arm to balance the
fixed resistance in the "unknown" arm; end adjusting
the power factor and capacitance controls to balunce
the inserted capacitance in the "unknown" arm znd the
capazcitance of the cable to the lcop center. The
setting of the decade resistance wus then noted.

\4) The "shori" wes removed from the loop bridge czble

and the ceble connected to tue loop ceater. Attention
is called to the fact that by shorting the loop-bridge
ceble gt the loop end, its conctints sre included in
the initial acdjustment of the rudio freguency bridse
#nd hence do not enter into the messurement of the



radio frequency resistance or distributed cspacitance of
tae loop circuit under test.

(5) The loop circuit was tuned to resonsnce and the
decade resigbance was reduced by an smount equsl {o
the loop circult resistance s determined by & new
indication of null or balunce. The setting of the
decade resistor when subtrzcted from its initial
setting is the radio frecuency resistance of the
loop circuit at the test frequency. The setting of
the precision condenser was noted.

—
o~
—

This procedure was repected for severel freguencies as
indicated on Plate 2. The setting of the precision
condenser wnen plotted against their corresponding
frequencies converted in terms of wave lencth squared
produced the curves shown in Plate 1, from which the
true inductance end distributed capuzcitznce of the
loop circuit under test may be determined.

(b) Loaded Loop Circuit. For this test the loop circuit wus
connected to the CRV-46031 receiver, which provided & normal load on the
loop circult under test and afforded a means for tuning the loop. The
procedure for measuring the radio frequency resistance of the loop cirecuit
when loaded was the same &as described sbove except, as follows:

(1) The loop circuit was tuned with the CRV-46031 receiver.

(2) Messurements of the redlo frequency resistance of
the loop circuit, under test, were made with
the balancer coil of the CRV-46G21 receiver set
2t +50 and with and without s standard dummy antenna

connected to the ree eiver.

(3) Heusurements of the radio frequency resistance of
the loop circuit, under test, were made under similar
conditions &s (2) except that the belencer coil wes
set &t itz neutrsl position.

DATL. RECORDED DURING TESTS

6 Complete data were recorded on cll tects and this information
is contained in Plates 1 to 11 eppended hereto.

PROEABLE ERRORS 1IN RESULTS

e B It is believed that the test procedures described in the
foregoing offer the most precise as well &s practical means for determining
the radio frequency resistance, true Inductence znd distributed capucitunce
of & loop circult, yet devised with the equipment cvailable for these types
of tests. The tests reported herein have proved that the results reported
in references (b) and {c) for similer messurements were subject to errors
which did not meanifest themselves at the time those tests were madc, owing
to the fact that these tests were made on the entire loop circuit (loop,
pedestal, snd loop-receiver ceble} of the particular equipment concerned;

-



nzaely, the Nodels [0 cnd DG eguipments. Had mecsurements of redio
{requency resistance becn mude on bthe loops alone und then on the loops
with thelr corresponding cebles, e was done for tue subject tests, these
errors would have been self evident.

124 in attempt was made to mezsure the radio frequency resistance

he CRV-69003 loop serial no. 45 with end without the CRV-69C05 pedestel
rial no./2 and the 108" loop-receliver cable, with the loop circuit under
st tuned with either the CRV-406031 receiver, serial no.42, or o General
Radio Type 222 precision condenser and using the seme measuring eculpment
used for the tests described in references (b} znd (¢) &nd with the
test set up made in the penthouse of the Laboratory. It is to be noted
especially that the receiver used for indicating bridge bulance wus an
cxperimental battery opcrated receiver and the seme zs used for the testis

13. Heasurements of radio freguency resistance made under theg
cenditions gave results for the loop, pedestal, ond loop-receiver cable
combinations when tuned with the CRV-46031 receiver which sgreed very
closely with those obtazined in reference (b). However, the results obtained
showed that while the radio freguency recistance of the loop and Joop-
receiver cable combinetion was, for any given frequency, higher then for the
loop alone, they were also higher than for the loop, pedestal, and loop cable
combinztion. Similar resuvlts were obtained when the loop circuits under
test were tuned with the General Radio precision condenser. The results
obtained when the loop circuits were tuned with the precision condenser were
less than the corresponding velues obtained vhen the loop circuits were
tuned with the CRV-46031 receiver by zmounts which were reszsonzble enough
to account for the radio frequency resistance of the icading circuits within
the CRV-46031 receiver. Obviously then, the inconsistency which exists
between the results obtoined for the loop snd loop-receiver cable combinstion
and the corresponding resuvlts obtained for the loop, pedestsl, and loop-
receiver ceble combinction is notv & funetion of reaction on the part of the
CRV-46031 receiver but is a function of the errors inherent with the
me&suring system.

ks An investigetion revesled that there wes sufficient field from
the loop to couple with the experimental receiver through its battery leads
to the extent that a signal could be hesrd in the headphores with the
receiver disconnected from the bridge. Moving this receiver further saway
from the radio frequency bridge lessened tris coupling somewhat, but under no
condition within practical limite could it be entirely eliminsted. This
coupling introduced phise difficulities which pive false indications of
bridge balance and hence errcneous readings. The amount of coupling wee a
funetion of the "Q" of the loop circuit under test. It was found that the
only solution to this problem was to isolate the measuring equipment and
the wnits under test from the recelver used for indicating null by pleciag
tiie former in z screened booth and locating the latter at scme remote
distance from the screened booth &s was done for the tests reported herein.
Furthermore, it is of vitzl importeznce that the receiver or receivers used
for nrll indicating purposes be very weil shielded.

15 In the tests reported in reference (bj for rs

€ e & equency
resistence, the messuring eguipment znd loop circeuit unde

r
test wers



ocated in & screened booth, while the experimentsl battery opersted
recelver used for pull indicuating purvoses was locuied outside of the
screened booth but only about five feet away from the end of the loop.
Eor the radio (recuency resistance messurements reported in ref.(ec) the
errengement ol the equipment was similarly “wrrnged except that the
experimental receiver located outside of the screened booth was only
cbout 3 feet from the end of the loop. In both 11“'an8c", the experimental
recelver was directly exposed to the field of loops. Therefore, the

esults of the measurements for radio frequenrJ ‘esistance, reported in

refs. (b) and {c} for the Hodels L0 and DG loop circuits respectively, sre
subject to the same errors as was noted in the similar tests made In the
penthouse. Moreover, since the coupling between the DQ loop and the
null indicating receiver was greater thean for the [0 loop, the errors of
mecsurement ere greater for the former than for the latter.

BHom

"LJ

16. In the subject tests for radio frecuency resistences s well

s for corresponding tests reported in references (b} and (¢}, the results
are independent of the zccurzcy of the radio frecuency bridge since these
results were obtained by the substitution methed, but they zre denenﬁeAU
upon the degree of coupling between the loop and the null indicating
receiver. The frequency &t which any particuler measurement wes made is
dependent upon the accuracy to which the standard signal generator could be
get which is within +0.1%. The following table gives the estimated
accuracies with which radio freguency resistances were measured for the
tests reported herein, ana the probable inzccurscies of similar measurementis
reported in refeerences {(b) and {c}.

2

Desecription of Loop Circuit heocuraey of kezsurement
(1) CRV-635003 Leop (Ser.No.45) CRV-69005 1% in freq.
Pedestzl and 108" Csble (subjecct tests) +0.2 om in res.
(2) Hodel DO loop (original tests reported +1% in freq.
in ref. (b} 15% low in res. &t
575 kes, 50% low in
res. &t 1500 kes
{3) Model DG loop (original tests +1% in frea.
reported in ref.(c) 20% low in res. si
575 kes., 70% low in
res. &bt 1500 ke

snd (3} the percent of inaccurzcy in the r.f. resistonce

lote that for (2) a
cresses with frequency.

measurements de

fiag The accuracy of the calculztions for loop circuit "C" &t sny
frequency fro.: the corresponding resistance mezsurement at the same frecuencs
for the subject bests is within the limits of + 1%. The loop circuit "('s"
=5 reported in references (b} and (e¢) &re high In velue from 575 to 1500
kos since thedr corresponding i.f. resistance velues are low.

N The czleulations of the true inductances and distributed
es of the CRV-69003 loop, CRV-G90GSE pedestal lesds snd 1087
cop receiver cable leads, taken separately or ccllectively, snd determined

-y



from the wave length squared curves shown on Plute |
accurate to within +5% for *uﬁdzt&hue snd +10%
further discussion of this subject as aprlyi

reported in references {(b) and (o) will be giv

19. True Inducteénce znd Distributed Capaeitence. Plote 1 shows wave
length squsred curves for determining the true inductances znd distributed
capacitances of the CRV-69003 loop with &nd without its ussocizted CRV-6G005
pedestul sssembly and 108" loop-receiver ceble. The true loop circult
inductances as calculcted from data taken from the three curves shown on
Plete 1 are zs follows:

CRV-6S003 loop &ione. . . . < i oo o oo @ 9.2 microhenries
CRV-£9003 loop with 108" cuble... o wow wowow w ¢ BT n
CRV-69003 loop with CRV-69005 pedestsl znd

JOBY eebilles ¢ & F SLA S & & 5 3 6o 8% & & Blal i

The calculzted inductance values are based on the formulz

3
oA
L= ragie
3.553
AXE i 5
¥here T nerenental slope of the wovelength scuared curve
L = true loop cirecuit inductance - microhenries
3.553 = a constant
From the sbove data, then, the inductances of the 108" csdle and CRV-L3005
pedestal cssembly are obviously 1.0 and 1.5 microhenries, respectively.

20. The totsl inductance of the locp, pedestol, ond recelver
coupling ceble dovm to the receiver connccting terminals an ubupnrcu under
the subject test is 2.37% lower in value then thet given in
of NRL Report No. R-1134 for the Model DO ecuipment. It is cons
be, however, in close sgreement wibth the origingl wvoluc in view
thet it was mezsured by a different procedure. Par, 20 of i
R-11/1 gives & velue of 64.3 microhenries for the truc inductin
CRV-69014 loop and its associated pedestal ond loop receiver

o

21. The curves on Plate 1 show the dist
CRV-69003 loop to be 16 mlcromlcrofc“aa., that
32 micromicroferads and that of the loop-receiver zable
microfarads. Par. (d) on page 57 of ref. {b} states tha!
cepacitance is 12 micromicrofarads for the CRV- ﬁDvn
farads for the CRV-69005B pedestal leadsznd 103 :
loop receiver cable. The distributed “EﬁﬁCLDu]ur of
nined by taking the difference between the total di
of the loop pedestal and cable, end the sum of the n ,
capacitances of the pedestzl leads and the loop raceiver cuble. The

1.:



figures ws given in refl. (b; for the loop receiver
vere spplied to ref. {2 snd appesr In par. 20 of
be noted that these fligures do not azgrse witk the
derivcd from Plate 1 zppended hereto. It will be note
istributed capscitence of the Kodel DO loop, pedestsl
and shown on Plate 4 of ref.(b) is 150 micromicrofarad
then thst shown on Plete 1 of this report by 30 mierominrof:
following discussion will explain the ressons for this dicser
&
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tpply to ref.(c)} &s well as (b} for it will be noted that on the ; f
ref. (c} the total distributed capacitance of the Hodel DG loop and its
pedestal and loop-receiver ceble is 130 micromicrofursds.

2. The procedure described for determining the weve length squered

curves for the subject eguipment permits very precise tuming of the loop.
llence the results shown on Plate 1 of this Peoo*t zre more nearly corrsct
than for those shown on Plate 1 aP refo or (o). In these letter

(
. (bj
instances the loop was tuned with & precision condencer at the recelver end
of the loop receiver csble. The teqt redio freguency signol was fod from &

standerd signzi generator directly into the loop center «nd resonunce wus
indicated by a "slide back" type of vecuum tube voltmeter bridging the
precision condenser. Now while this method is satisfaetory it is less
precise than the bridge method owing to the fact that ons cannot detect
the sbsolute point of resonance by this visual mesns as by the orsl means
afforded by the bridge method. 1t is reasonable Lo assume that the error
in determining the point of resonance by the vizual method would be rconsi
for £11 frequencies, bub thie error, probasbly #s much &#s + 5% in terms of
tuning capacity, would be sufficient to change the slope of the wave length
square curve by such an zmount as te indicate z higher distributed
capacitance for the loop circuit then actually exists. Since the distributed
capacitances of llodels DO loop as reported in ref. (b) and that of Model DG
loop as reported in ref. (c) were measured under the same precedure, it is
reascnable to assume that the same difference between their distributied
capacitances would continue to exist if they were both obtazined by the bridge
method. Hence, by this rcasoning if the Glrtrlbnceu cepacitance of the

total loop circuit as determined in the subject tests for the Model DO loop
is 120 nmicromicrofarads, that of the Hodel DY loop would be 1C0 micromicro-
farads.

23. The sbove explenation for ithe discrepancies may well be applied
to the discrepencies found in the calculations for true loop cirecuit
inductance.

24. The distributed capacitances of the CRV-63005E pedestel and 108"
cable used for the tests in ref.(b) were messured on a Gemerzl Radio Type
6504 impedance bridge. In msking these messurements the two lezds were not
at equal potentisl with respect to ground end therefore do not simulcte
actual operating conditions and a&s & result the capecity messurements must
be somewhat in error. It will be noted that the measurement of the
dlstributed apacitcmcp of the CRV-69005B pedestel lecd as determined by
the method described in ref.(b) is 33.9 micromicrofarads, whersss for
the distributed capacitance of the CRV-69005 pedestel leads zs determined
from the wave length squared curves shown on ilate 1 of this report is 32
micromicrofarads. In this latter instence, both of the leads the
pedestal are at egual potentizl above ground sznd the pedestzl housing iz at

1



ground potentisi. The cupacitence thus determined is the il valne,
3 erenicrofarads

=g
Similarly, the impedence b”idge method gives & veiue of 107 mi
‘ble, wheress the

for the distributed capacitances of the loon-recei :

wave length sguared curves shovm on ;['+u 1 gives £ vzlue of only 72 nmier
microfarads showing the effect of the striy cupuacitances between the cable
leads end shields in the latter method and not zccounted for in the former
nethod.

25 For convenience the following tgblﬁ is given to show to what
extent the results given in ref. (b) and (c) for the distributed cupuacitances
of the Models IO and DG loop circuits are affected by the results obtained
from the subject tests.

Model D0, ref.{bj Model DG, ref. {c]
Description Orig.Value Lew Value Orig.Vaiue lew Value

Totel loop circuit; i.e.

loop, pedestal, and 108" 150 120 130 1C0

cable.
Pedestel leads . 33.9 2.0 - -
Cable leads 103.0 7z.0 1¢2.0 720
Loop i2.6 16.0 - -
Loop &and pedestal leazds 46.5 46.0 27.0 28.0

dote: &l11 velues in micromierofzrazds

26. Plate 2 shows radio frequency resistance curves for the CRV-69003
loop with and without its as DCluQEd CRV-69005 pedestel end 108" loop-receiver
cable and w1th the loop circults tuned with « Genersl Radio preciszion
capacitor. will be observed that these curves are without irregulerities
and that the 108“ cable offers more loss to oversll loop circuit then does the
pecdestel. Correspondirg lcop ecircuit "G's" shown on Plate 3 were celculated
from the formula

]

wl
R

€
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m
3
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e
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loop circuit inductence in millihenries
R = loop circuit radio frequency resistence in ohms
= ZTGI, vhere £ = frequency in kilocycles.

The "Q's" were culculated for corresponding radio frecuency resistances and
from the loop circuit inductence determined for the given circuit condition
from the wave length squared curves shown on Pleite 1. The "G's" of the

loop elone end unloaded, are better than 79 wheress they fall below the
specification limit of 50 (par. 79, ref.(e;} above 1200 kes when the loop
1s used with the 108" loop-receiver cable :nd ebove $CO0 kes when it ls used
with the pedestsl and 108" loop-receiver csble. in view of these results
plus the fact thabt the construction of the Lodel LG loop (CRV-69014) is
superior to that of' the CRV-69003 loop, it is safe to assume that the

of the CRV-69014 loop zlome will be better thun 80 zt @1l freguencies.

27. Plste 4 shows radio frequency recistence curves of the

I
0
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CRV-69003 loop with and without its e
loop-receiver cable, tuned with the 1
belancer coil of the receiver & nevtrail position. No standard
dummy sntenne wes used with these meacuremente. Corresponding celeulsted
loop circuit "Q" curves zre showm on Plete 5. Rsdlo frequency resistence
curves obteined under similer conditions but with the balancer coil of the
receiver at +50 are shown on Plate 6; while corresponding calculsted loop
circuit "Q" curves are shown on Plate 7. The loop circuit "Q" curves shown
on Pletes 5 and 7 were celeculsted from the formula of par. 26, for
corresponding radic freguency rescistences shown on Plates 4 and 6
respectively, &nd suitsble inductance values obtained from the weave length
squared curves shown on Plate 1 of this report. To each of the inductanc
values obtained from these curves is sdded 12 microhenries, the inducteance
present in distributed form in the receiver loop ecircuit. It will be noted
on Plate / that there is a slight irregulerity at approximetely 750 kcs in
the radic frecuency resistence curve for the loop, pedestal, and loop-
cceiver cable combination, whereas on Plate & &ll curves show & decided
peck &t approximctely 80C kes when the bslencer coil is set at +50 instead
of neutrai. This irregularity in the upper curve on Plate 4 and the pecks
in ¢11 of the curves on Plete & wre due to interaction between the balencer
eircuit znd the supposedly inactive sense circuit as & result of
coupling between the leads of the two circuits which are laced together
and connected to & common anti-cspacity switch operated by the band switch
controlled from the front punel of the CRV-456031 receiver.

d CHRV-69005 pedestel znd 108"
receliver end with the

<8, The use of @ standerd dummy antennsa changes the constants of
the balencer circuit to the extent that interaction between it and the sense
circuit is eliminated. This is 1llustrated on Plates & and 10. 4s is to

be expected, the radic frecguency resistences of loop circuits when loaded

and tuned with the CRV-40031 receiver ere higher than when the same circuits
are tuned with the General Redio precicion condenser. Hence the corresponding
loop circull "G's" sre less for the louded loop cirecuits than for the
unloaded loop circuits.

294 The loop ecireuit "GQ" curves shown in Plates 9 and 1l &nd for
the test conditions where the standerd dumsy antenns is employed with the
CRV-46031 receiver, show that the loop circuit "(" value is less then 50 &t
frequencies grester than 930 kes. It is to be noted slso that were the
corresponding curve on Plate ¢, ref.(b), corrscted to account for the errors
in meccurement &s discussed under pars. 14 to 16 of this report, that this
curve would cgree very closely with that shown on Plates § or 1l.
30. 4 summery of the dsfects noted &s = result of the subject tests
znd those defects noted in the construction of the loop and pedestal
assemblies for the Models DO, DO-1, DO-2, und D0-2 equipments which were not
cppurent upon the completion of ref. (b) are s follows:

{a) Excessive coupling exists between the belancer and
sense circuite of the URV-/46031 and CRV-A60731%
receivers wien no entenns ls used such that its
reaction on the external loop circuit 1s to reduce the
loop circuit "C" very appreciably «t approximstely €00
kes when there 1s maximum coupling between the belancer
coil and the loeop circuits within eitker receiver.

R 3



b} The wing nuts on the clemping dogs on the CRV-69003 or
CRV-(9004 pedestel ussemblies do not remeln tight
under conditions of severe vibraticn

-

(¢} The securing ¢ Generel Radio
plugs in the or CRV-£9005B
pedestel saser niesliy strong for
their intended purpose and & =ubject to corrosion.

("'1
.,. &

in the case of the CRV-69005 pedeztel zssembly (Ser,
No.Z2) both nuts split in 3 pieces und showed convineing
evidence of corrosion. This feilvre of the securing nuts
took place =uifter sbout & year's service.

The steel bell in the zlemite grease [ittings in the
CRV-69005 or CRV-69005B pedestel assemblies, &nd those
which are exposed to the weather have rusted to such
~exbent that they cre useless for the purpose for which
they were intended.

—
£
ot

(ej The CRV-69003 loop essembly, ser.No..5, does not exeetly
fit the CRV-69005 pedestzl essembly (Ser.MNo.Z2). This is
& decided indication that interchangezbility between units
having different serisl numbers does not exist for all
units &5 required by the specificstions of ref. {dj.

«f) The plating on the collector rings of the CRV-69005
pedestel assembly (Ser.No.Z2) is entirely too thin and
vore through to & bruss contect efter & yesr's service.

(g) The insuleting strip =t the top of the CRV-69003 loop
(Ser.No./Z) werped efter about 10 months' exposure to
the weuther, snd to the extent that the edges curled away
from the loop housing thus permitting water to enter under
the insulating strip.

CONCLUSIQHE

3. Therc is excessive unintentionzl coupling between the belence
&nd the supposedly inactive sense clrcuits in the CRV-46031 receiver es
& direct result of the lecds from these two circuits end which connect to a
common enti-capacity switch, being laced together. These cirecuits are
resonant &t approximeately 200 kes and reect with the externsl loop circuit
wnen there 1s maximum coupiing bebween the baluzncer coil and the loop
circult so &s to reduce the loop circuit "C" ut thait frequency by 2 lerge
c¢mount. This reaction is present only when no stundard bzlance anteana
is used. The loop circuit "('s™ &s reported in refs. (b) and {c} on the
lodels DO and DQ equipmeants respectively, were deterained without the use of
& standard bzlance zntenna, snd without regzrd to the setting of the
belencer control. However, since the loop circuii "(" curves for the high
irequency band for ecch of the ilodels L0 and DG equinments snow the elfeet
of recelver reiction on the loop circuitb "('s" as evidenced by the dip
In the curves, and, since the results of the subject tesits show that this
recction is maximum for meximum coupling betwcen fhe balaneer eoll aud
the loop circult within the receiver, it sténds %0 resson that the balencer
coil w&s set near its +50 poaltion for tihe tests zs reported in refa. ({bj

e e
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eover, this
tueen the

reaction is & direct function of the degree of *oug.ﬁLg ba
balancer coil and the loop sircuit within the receiver.

and (c; for the determinations of loop cirecuit "g's". Hore

32. The "C" of the CRV-69C03 loop alon:z, whetner funed with the
RV-46031 or the Gencrul Zudio precizion capacitor is considersbhly

greuner then 50 at all frequencies provided, of course, that the CRV-44031
receiver 1s operated with an entennz. In view of the _qurlofL+j of the
consiruction of the CRV-69014 loop (haual DC) over that of the CRV-63003
ioop, it is safe to ussume thet the "G" of the former laop will bc greater
than that of the latter at any frequﬂnﬁv The "C'z" of the combined loop
cirenit used for the subject tests; l.e., loop, oedeuu.l snd 108" loop-
receiver czble, iz less than 50 for the higher frcquencxeo under all

conditions of measurement. The 108" loop-receliver cable oanrs & greszter
loss to the loop than does the pedestel by @ rztis of upproximately two
to one.

37, The tests reported herein revecled that the error in nmeasure-

ment of the rudio frecuency resistance of the loop circuits of the llodel
DO equipment &5 reported in ref. (b} znd of the licdel DQ equipment as
reported in ref. (¢) was s much as 50 to 703 at 1500 kes and about 15 to 20u
at 575 kes. This is a result of coupling between the loop znd the batbtery
leads of the null indicsting receiver used in the original test reported in
refs. (b) and (cj. At lower frequencies this error cen be expected to be
proportionally less. These errors were not azpparent when the original tests
wers mude for the Lodels D0 znd DC eguipments and did not mznifest themselves
until the separate units of the Hodel DO loop circult were measured for
Pudlo frequency resistznce in the subject tests. The discrepancies in the
esults of preliminary %tests conducted under this problem led to further
investigetions whilch brought about the dlscovery of the lack of suffic
silelding in the null indicating receiver for accurzte results.

34. The methwod of determining the distributed cnpuﬁ;uunu?s o
loop-receiver cables and pesdestzl as used in the tests reported in rei.
was found to be inaccurzte. The mcthod zdopted [or the subject testes is
believed to give accurste and relizble reuults.

254 Certain defects in the construction of the CRV-62005 pedestul
gssembly and CRV-59003 loop ussembly which were nob cpparent upon the
conpletion of ref. (b} are as follows

{1} The wing nuts of the clamping dogs of the CRV-69003
loop assembly do not stay tightened wnder conditions
of severe vibration.

—
N
P

The securing nuts on the lurge type Genersl Rudio
plugs on the top of the CRV-8G005 pedestel zssembly
are not mechanically strong enough for thils purpose
and are subject bo ecorrosion. Botn nuts in the

case of the CRV-69005 pedestel (Ser.lo.. 2} split in
three pieces after a year's service.

(3) The steel ball in the alemite grecse fit
CRV-69005 pedestal (Ser.No.42) has rusted %
extent that it is useless for the purpose for which

ket
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(4)

The clamping dois of the COV-4900

in . L

3 loop \bpr.hg.ESJ do not
aots In the CRV-4
£ te

ll
2305 pedestel \oer.do.qhg
er

exzotly it the si

thue showing the izmek of exset in cnungehbllltg between
wnits of different seriul numbcru, This i:s not in
accordence with the reguirements of specifieations, ref.(d).

ze ion of the

The insulating strip at the top of the CRV-69003 loop
{Ser.No..2) warped uft azbout 10 nonths' exposure to
the wezther, to the extenl that the edges raised off
of the loop housing and thus pernits moisture to enter
freely under this inmsuleting strip.
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AUTHORIZATION FOR TEST

3L The tests herein reported were authorized by reference (z).
Other pertinent data are listed as references (b) to (e} inclusive.

Reference: (z) BuEng. let. S67/69/L5(4-10-W8) of 16 Apr. 1935. -
(b) NRL Report No. R-1134.
(¢} NRL Report No. R-1141.
(@) Specifications RE 134 A74A.
(e} Specifications RE 694 175A.

OBJECT QF TEST

2. The object of these tests is to determine first, the extent to
which the "Q's" of* the CRV-69003 or CRV-69014 loops are influenced by
resction within their associzted receiver circuits; second, the "Q!'s" of
these same loops under the condiiions as noted in par. (3} below; third,
the accuracy of the radio frequency resistence measurements as reported
in references (b) and (c}, and fourth, the defects in the Models DO, DO-1,
DO-2, snd DO-3 loop and pedestal assemblies which have developed subsequent,
to the completion of reference (b).

ABSTRACT OF TEST
3 The tests conducted and reported herein are as follows:

(a) Measurement of the true inductance and distributed capaciiance
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
pedestsal assembly and the 108" loop-receiver cable.

(b) Measurement of the redio frequency resistance of first, 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
and 108" loop-receiver cable; the loop being tuned with & precision
cepecitor for each test condition.

(c) Seme as (b) except with the loop tuned with a CRV-46031 receiver,
without the use of & standard balance zntenna and with the balancer coil set
at neutral.

(d) Same as (cj except with the balancer coil set at +50.

(e) Seme as (c) but with the receiver employing & standard dummy
antenna.

(f) Seme as (d) but with the receiver employing a standard dummy
antenna. .




L1

with the male end of an ordinary receptecie so that it could be plugzed
into the female end of & receptacie coanected to the lead from the loep
center or to a similar receptacle which was shorted, this latier receptacie
belng required for obtaining the initial bridge balance for each Treguency
et vwhich measurements were made. The "unknown® terminals of the radio
fregquency bridge were connccted to & 50 obm resistor and an 0.00Ll micro-
farad condenser in series. The "detector” terminzl of the radio frequency
bridge was connected to the zntenns and gromnd terminels of an RAL-1 or
RAB-1 receiver {depending upon the frequency) with & triple shiclded
conductor, the shield of which served as the low potential return. 18
output terminsis of the loop, or loop &nd loop-receiver cable, or loop,
pedestal, and loop cable, whichever unit or combination of wmits was
concerned with a particular test, was then connected to the CRV-46031
receiver or precision condenser as required for tuning purposes.

g. The test set up as described in the foregoing &ffords & means
for determining the radio freguency resistance of the unloaded or louded
loop circuit by the substitution method snd z means for determining the
true inductance and distributed capacitance of the loop circuit. In these
tests, the loop terminals are at equal potential above ground, while the
loop housing, pedestal frame and cable shield are at ground potential. The
common ground connection was made from the standard signal generator
case to the shielded booth.

9. The test procedures as described below zpply to the loop, loop
pedestal, and loop receiver cable normally assembled together. Repeat
runs were made for the loop and cable direct connected together and then
for the loop alone. §

(a) Unloeaded Loop Circuit. In this test, the loop circuit wss tuned
with the Genersl Radio Type 222 precision condsnser. The following steps
were followed in making the tests.

(1} The RAA-1 or RAB-1 receiver, depending upon the
frequency, was tuned to the frequency to which the
standard signal genmerator was azdjusted.

(2} The cable to the loop center from the rzdio frequency
bridge was disconnected from the loop @and shorted at the
loop end.

(3) The radio frequency bridge wss adjusted for balsnce
by adjusting the decade resistunce arm to balance the
fixed resistance in the "unknown" arm; and adjusting
the power factor and capacitance controls to bzlance
the inserted capacitance in the "unknown" arm &nd the
capacitance of the cable to the loop center. The
setting of the decade resistance was then noted.

(4} The "short" was removed from the loop bridge ccble
and the cable connected to the loop ceater. Attention
is called to the fact that by shorting the loop-bridge
ceble at the loop end, its conctants sre included in
the initial adjustment of the radio freguency bridge
and hence do noi enter into the measurement of the




figures us given in rel. (b; for the loop receiver cchle and pedestal lsads
were spplied to ref. {cj &nd appesr in par. 20 of thut reference. It will
be noted that these figures do not agree with the corresponding figures
derived from Plate 1 eppended hereto. It will be noted al=zo that the totsl
distributed capscitznce of the Model DO loop, pedestel, und cable combination
anG shown on Plate 4 of ref.{b) is 150 micromicrofarads which is grester
then that shown on Plete 1 of this report by 30 micromicrofarads. The
following discussion will explain the reasons for this discrepsncy ead will
spply to ref.(c} as well as (b) for it will be noted that on Plate 4 of
ref. {(c) the total distributed capacitance of the lodel DQ loop end its
pedestel and loop-receiver ceble is 130 micromicrofurads.

22. The procedure described for determining the wave length sguared
curves for the subject equipment permits very precise tuning of the loop.
Hence the results shown on Plate 1 of this report are more nearly correct
than for those shown on Plate 1 of refs. (b or (¢j. In these letter
instances the loop was tuned with & precision condencer at the receiver end
of the loop receiver ceble. The test radio frequency signel was fed from &
standard signal generator directly into the loop cenler cnd reconunce Was
indicated by a "slide back" type of vecuum tube voltmeter bricdging the
precision condenser. Now while this method is satisfectory it is less
precise then the bridge method owing to the fact that one cunnot detect
the absclute point of resonance by this visual means &s by the oral mezns
afforded by the bridge method. It is reasonable to assume that the error
in determining the point of resonsnce by the visual method would be constont
for &1l frequencies, but this error, probably &s much &s ¥ 5% in terms of
tuning capacity, would be sufficient to change the slope of the wave length
square curve by such an smount &s te indicate & higher distributed
capacitance for the loop circuit then actuaily exists. Since the distributed
capacitances of Models DO loop as reported in ref. (b) and that of Model I
loop as reported in ref. (c¢) were measured under the same precedure, it is
reasonable to assume that the same difference between their distributed
capacitances would continue to exist if they were both obteined by the bridge
method. Hence, by this reasoning if the distributed cepacitance of the
total loop circuit as determined in the subject tests for the Model DO loop
is 120 micromicrofarads, that of the Model DQ loop would be 100 micromicro-
farads.

a3 The above explanation for ithe discrepancies may well be applied
to the discrepsncies found in the caiculations for true loop circuit
inductance.

4. The distributed capacitances of the CRV-69005B pedestel end 108"
cable used for the tests in ref.(b) were measured on a General Racdio Type
6504 impedance bridge. In meking these mezsurements the two leuds were not
at equal potentisl with respect to ground end therefore do not simulzte
actual operating conditions and as & result the cepacity measuremenis must
be somewhet in error. It will be noted that the measurement of the
distributed capacitance of the CRV-69005E pedestal lead as determined by
the method described in ref.(b) is 33.9 micromicrofarads, whereas for
the distributed cepacitance of the CRV-63005 pedestel leads as determined
from the wave length squered curves shown on Flate 1 of this report is 32
micromicrofarseds. In this latter instence, both of the leads in the
pedestal are at equal potentizl above ground and the pedestal housing is at

a.






