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ABSTRACT

The anti-precipitation static iron-core looo (Exverimental
No. EX-20916-HU-Serial #3) and its associated adepter unit manu-
factured by Stewsrt Warner is designed for airborne radio direction-
finding at low and medium freouencies (190 kec/s to 1500 kc/s) when
used in conjunction with existing aircraft communiceation receivers.
=n investig=tion and analysis was m~de of the mechanicel end electrical
verforiznce and constructional featurss. The over-all performance
of the subject eguipment is shown to be unsatisfactory in its present
state of design. However, the tyme of iron core loon and loon hous-
ing employed in this ecuiovment show promise and are deserving of
further investicetion. This sugrests that 2 more thorough and
complete study be conducted to ascertsin the possible optimum designs
of D/F loops for sirborne avolications including iron-core loons,
low drsg housings, &nd anti-precivitation static oroperties.
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INTRODUCTION

g In compliance with the reocuest of the Bureau of Aeronautics authori-
zation letter (reference (i)) the verformance of an anti-precivitation
static iron core loop and its associated adapter was investigated for
comnliance with snecifications given in references (a) and (d). is
anti-precipitation static iron core loop and its associated adapter
constitute a radio direction-finding equipment designed to operate into

a plurality »Af aircraft communications receivers over a freguency range

of 190 to 1500 kes.

e This looo includes a streamlined housing whose dimensions can be
seen on Plate 17, which has a highly conducting surface to prevent the
acguisition of localized charge and subsequent corona discharge, by which
means it is intended to reduce radio interference caused by precipitation
static. A 12" ghaft, for turning the loop, is attached to the loop
mounting by means of a coupling at the base of the housing, the other

end of the shaft having an azimuthal scale and a knob for manually
rotating the shaft. The loop is wound on a cylindrical form 3" in
diameter and 3" in length and is surrounded by a Faraday shield to
maintain cavacity balance of the looo to ground (see Plate 2). The core
of the cylindrical form on which the loop is wound is made of grznulated
iron. At the base of the looo housing is a Selectar cable fitting to
provide a means for connecting the transmission line from the adapter
unit,

3. The dimensions of the adapter unit are indicated on Plate 18.
‘his adanter vermits the loop to cperate in conjunction with any one
of severel aircraft communications receivers and associated verticzal
antennas. A "sense" switch on the adanter provides the cardiod-l pat-
tern necessary for resolvine the 180 degree ambiguity of the looon's
figure of eight nattern.

4, The svecificotions which the subject equivment is recuired to
meet, are contained in reference (a) in originesl form, but were =mended
according to reference (d). The final smended contract specifications
to be met by the equioment are shown listed ss follpws:

(1) Shall have = renge of 190 to 1800 KC.

(2) Shall be cavable of working with zny of the folloving
receivers: ARA, RA-10, RAX, RTA-1, AR-10A, and RU.

(3) Sensitivity shall be in no case less then 100.v per meter
on MOCW at 4-1 signal-to-noise ratio,

(4) Directivity shall be secondary to sensitivity.
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(5) Shall use the new loons housine brososed by Stewart-"'arner
and illustrated by their drawing EX-20817-T (see plate 17).
One housing to be externally shielded and ohe unshielded.

(6) Shall be continuously rotatable and capable of being locked
in any position.

(7) Shsll work into a PT-5 cable of any length u- to 15 feet.

(8) Different transformers for different receivers mav be used
if necessary and shall be suoplied with the loomn,

(9) Adjustment for various receivers in the loov housing shsll
be nermissable.

(10) Shall be of iron core tyne, precinitation static shielded
and shall weigh not more than 10 pounds, comvlete with
housine and gears.,

9. The: recuest of the Puresau of Aeronsutics authorization letter
(reference (i)) was so worded as to reouire compliance of the eouipment
with the unsmended svecifications. It was deemed advisable, however, to
investigate the performsnce of the ecuinment for comoliance *ith the
amended contract &s cited above. The same Buresu of Aeronautics letter,
recuested that NRL coroare verfermance of the iron core loon (and
associated adanter) ith the best svailable loop (and nssocinted adapter)
working into en AN/ARC--5 receiver; ond that e tvpe test of the anti-pre-
cipitation static iron core loop ~nd its Associated adapter be conducted
1n accordance with Standard Wavy Type Test Specifications, reference (e).

6. The following procedures were adopted in regard to the oprosecution
of the assigned problem:

(a) Only the more ne-tinent nortions of the full standard tyne
testine orocedure were followed in order to expedite the
Invectigation ith the limited assistance svailable.

(b) The anti-precinitation iron-core loov snd associated adapter
were not checked onerstionslly as reguested with the RA-10,
ATA-1, and AR-10A communications receivers. These receivers
#re no longer in common use snd were not mvailable.

(e¢) An ARA receiver wes used instesd of =n AN/ARC—5 receiver;
these receivers being essentially identicel,

(d) Available loops (end their associsted adspters) were com-
pared to the anti-precisitestion loov (and its adenter) when
working into sn RU-19 receiver. This was dons to reduce to
2 minimum the time recuired for mskine cable connections; the
two svailsble loops (nnd their sdsvters) being designed to
operste in association with an RU tyvre receiver,
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(e) XNo unshielded housing or facilities were av-=ilsble to deter-
mining the comparative effectiveness of the reduction of
vrecivitation stetic by the shielded housing.

e Some investigations were mede in addition to those reguested by
Buher; these investigation being for the purpose of determining more
completely the merit of the experimentsl iron core loop and its sdapter.
One of these investications concerned the experimentsl determination of
the effective height of the anti-precipitetion loop and two other commonly
used loons (RDF-1 snd DU-1 tyves). 4lso = commarison of the effective
height of the anii-vrscinitation loon was made with an air-core loop of
the same dimensions as the iron-core loop, and with an air-core loop
approximately 8 inches in diameter; both of the aircore loops having

the same inductsncz as the iron—-core locv.. A more fundament=1 investiga-—
tion was undertalzen for the purpose of compering the iron-core loop with
the optimum air-cure Loop; the optimum =ir core loop being defined as
thet which yvields the best signal-to-ncise ratio. Other investigations
wers concerned with the sense circuits and with the response pattern of
the iron-core loup.

DISCUSSION CF RESULTS

8. The basic theoretical considerstions underlying the use and
advantage of iron-core loops sre analyzed briefly in Appendix I. &
detailed outline of the tests and investigotions conducted on the
experimentsl iron-core loop and its adapter is included in Appendix II.
The following points of discussion are based on the date taken during
thegse tests and investigations.

Sensitivity

B, Ais a guide for determining the velidity of the experimental
technioues used in measurine the sensitivity, a deteiled aneslysis of
thermal and shot noise wes made on the basis of measured parameters

of the loop and antenna couvling networks from which theoreticsl
sensitivities weres computed. The results are shown on Table I. In
these computations, it wes sssumed that the bandwidth of the adavter wes
3 kc. Also, the ceble used in the computstions wes RG-11/U, ,which
cable has = crpreity of only 20 uuf/foot as compared to about 30 uuf/foot
which was used in experimental tests for PT-5. The lower capacity
coble was chosen becsuse it increased efficiency of the collector

system as indicated by the znslysis.

10. The first series of sensitivity measuremernts made a comparison
between the performance of the iron-core loop (and sssocisted adsoter)
and the performances of the RDF-1 and DU-1 loops ( and their associated
adepter units); an RU-19 receiver beine used in 211 tests. The
sensitivities were determined by mesns of Methode I (see Appendix II)
in 2 shielded room of rather small dimensions (epproximetely 10 ft. by
10 ft.). Becruse of the proximity of the eguipment to the transmission
line, rood accurscies were not expected by this method. The results
show on Plate 11 thot the reocuired fiesld strengths are much higher than
the theoretical vslues of Table le However, while the absolute values
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of field strength sre not very accurate, the results do yield infor-
mation on the compar~tive sensitivities of the three loops and their
2ssociated adepter units,

i 1 In the second series of sensitivity tests, Method II (see

Avpendix II) was used in an attempt to obtazin increased sccuracy. The
purpose of the tests was to compare the sensitivities of the loop channel
and communicstion channel of snti-precipitation static lcop ecuipment,
The results are shown on Plsate 12 for the case of the loop and adapter
being overated in association with an ARA receiver. A merked decrease 1n
sensitivity is noted when the loop channel is used in place of the
communication channel, Although this loss in sensitivity is very serious,
it is pertislly comvensated for by the anti-precipitation static and wind-
drag proverties of the loop. These results are in good agreement with
the theoretical results of Table I. Reguired values of field strength
higher than the theoretical velues may be attributed to the R-F noise
generated by the receiver dynamotors. Recuired velues of field strength
lower then the theoretical mey be due to the PT-5 (20 uuf per foot)

cable used in the exmeriments, en incorrectly assumed value for the
bendwidth, and possibly the need for further refinement of the experi-
mentel technique. However, because of the good agreement between theory
and experiment and for reasons of expediency no efforts were made t0
uncover the czuse or causes of the discrevancies,

125 The third series of sensitivity tests compared the performance of
the subject iron-core loop and associated adapter on the basis of the
tyves of receivers used. The sensitivities were determined by Method II,
and the results for four different receivers {RU, ARA, ARB, 2nd RAX) are
ghown on Plate 13, The best sensitivities were obtained when the iron-
core loo» and adapter were operating into an RAX receivers Since, as
theory shows, the sensitivities should be independent of the tyve o
receiver used, the results really constitute a measure of the comparative
"ouietness" of the four types of receivers. Maxipum sensitivity was

in all cases in excess of the 100 uv/m limit specified by reference (d).
The adanter unit, when operated in close proximity with the RU-19 receiver,
gives rise to svurious sudio oscillations in the receiver. ine effect
wes elininated by increasing the spacing between the adspter and RU-19
receiver.

Belectivity

13. The results of the selectivity tests are shown on Plates 14 (a)

and (b). As a2 means of comparison, an air-core loop of the same inductance
as the iron-core loon was used with the adapter in the determination of
selectivity. This sir-core loon consisted of 7 turns of wire on 2 coil
fornm 8 inches in diameter. The results using the air-core loop are

elso shown, on Flates 14(») and (b)e The results with the iron-core

loon a d the sir-core loop are slmost identicel, which indicates that

the selectivity is denendent mainly on the circuits of the adepter unit.
‘he Q on the low freouency band shows a lower value than desirable.

i N 4

DECLASSIFIED



"Fizure of 8" Radios

14, Table II shows the maximuz to minimum ratios in decibels of the
"figure of 8" vattern of the loop teken under the two different test
conditions, In pvart A &f Table II, are shown the ratios taken on radio
range of the ARA receivers. Som AVC action took vlace for the 6rienta-
tion of maxirum signel and the sismal-to-noise ratio for the orientation
of minimur signal wes as low as 1.5 to 1.0 in some cases. However, the
ratios obtained =re considered satisfactory. Part B of Table Il shows
the ratios obtained under the calibrated transmission line and were not
subject to the limitations inherent in the first method. The values
obtained indicate a performance sunsrior %o that which could be
realized in operation since the field under the transmission line is

en idealized field.

"Senge!" Cireuit

155 The sense circuits of the adavter, when oper=sted with 15 feet

of PT-5 cable from the antenna to the adapter and = 5 foot vertical
antenna, were found to be entirely inadequate. The cause of this
condition was found to be the large crpacity loading of the #ntenna by
the cable cavacity and thes circuit capacity in the adapter unit. Proposed
modifications of the sense circuits are shown on Plate 7, In the designm,
15 feet of cable of 20 wuf/ft was assunmed, the “avy snecification

nunber of this cable is BG—llfU. For other cable lengths and other cable
capacities, it is neceesary to use different circuit parsmeters, How-
ever, reductions in ceble capacity or lensth cen easily be compensated
by the addition of shunt condensers betwsen the input leads of the
resistors and ground.

Loop Effective Height

16. Effective height determinations were made at seversl points in
each band according to the nethod described in appendix II. The results
are shown on Plate 9, In a like manner, the effective heights of an
RDF-1 loon and 2 DU-1 loop were determined; the results being shown
likewise on Plate 9. Both of these loops are 10" in diameter. The
deviations of the experimentsl curves from strsight lines are due to

the anti-rcsonsnt effect of the distributed capacities in the loovo
windinre., “*he tangent lines to the exoerimentazl curves are designated
as "true" effective heirhts, since the data would lie on these straight
lines if the enti-resonant effects were not present. To obtain an
indication of the experiments1l accuracy, the effective height of the
DU-1 loop was corouted from its diameter and number of turns. This cel-
culated value wes found to be 10% sbove the erperimentally determined
value of effective heicht; this accuracy was considered satisfactory for
the present investiesation. The results, as nlotted on Plate 9, show the
effective height of the iron-core loon to be about 1/2 the effective
height of the DU-1 loop and about 1/5 the effective height of the RDF-1
loop.
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17. Having compared the effective heisht of the iron-core loop with
the effective heights of two tynes of existinge aircraft loops, it was
deemed advisable to make 2 more fundamental cogparison. Assuning a
coll forrm the same size and shave as that of the iron-core loop, an
analytical determination was nade of the required number of turns of
#10 B & S wire to yield an inductance the same s2s that of the iron-core
loop (18.24pH). The effective height of this loop was corputed for
several freruencies and the results plotted on Plate 10a. The effective
height of the iron-core loop is also »lotted on Plate 10a, and, by
comperison, it is seen that the =ffective height of the iron-core loop
is about 5/3 that of an air-core looov of the ssme size, shepe and
inductance. It is recognized thet the =dventare in effective height

of the iron-core loov would be decressed if heavier gauze wire were
used on the air-core loop, however #10 B & S wire is the largest
convenient size which could be used in vpractice.

18, Since the loops used with the SCR-269F and SCR-269G equiovments
are 8" in diameter, it wes considered sufficiently important to commare
the effective height of the iron-core loop with an 8" air-core loop
having an inductence equal to that of the iron-core loop. On Plate 10b
is shown the commuted effective heisht of an 8.3" air-core loop of the
sene inductance as that of the iron-core loovw, It was necessary to use
843" instead of 8" in order to obtain an integral number of turns. The
effective height of the iron-core loovn, likewise plotted on Plate 10b
for comvarison, is shown to be 2/3 that of the air-core loop.

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

19. The prece-ding paragraph commares the effective height of the
anti-precipitation static loop with an air-core loon of the same size
and sheve, the inductance of the loops being egual. It is recognized
that although this constitutes an informative comparison, a more funda-
mental indication of the merit of the iron-core loovn could be determined
as follows: For an air-core loop of the same size and shape as that

of the iron-core loop, design a loo» which yields the optimum.signal-
to-noise ratio at the grid of the tube in the adavter unit. This signal-
to-nocise ratio would then be compared with that obtained by the iron-
core loon.

20. The signel-to-noise r=tio eocustions utilized under "Sensitivity
Test" were exsmined to determine the effect on the performance of looo
effective height and of loop Q. The analysis revealed that the Q of the
loop played = secondary role chieflyv because of the loose counling of
the coils in the R-F transformers of the adepter unit. On the basis of
present design of the R-F circuits, it can be stated that the optimum
air-core loop is that loov which yields the meximum effective height;
the inductance, size and shape of the air-core loop being assumed the _
sane 2s that of the anti-precipitation st=tic loovn. Time did not permit
a careful re-exemination of the design of the loop inoput circuits, but
it is evident that such an investigation would be worthwhile.
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Temperature end Humidity

el The results of the temverature snd humidity tests are shown on
Plates 15 and 16 resvectively. The reacdines obtained indicated that the
receiver gein remained unchenged during the temperature test. Variations
in output were thersfore due only to the effect of the timperature on

the iron-core loop and associated adanter unit. The 70% loss in sensi-
tivity on the high freouency band at 50°C is unsatiafactory and may be
caused by improner treztment of the R-F coils in the adsoter unit. The
20% loss in sensitivity in the low freouency b=nd is also considered
objectionable. The 20% loss of sensitivity in both freouency bands
during the humidity runs, constitutes an inferior characteristic.

Vibration and Shock

A2 e The results of the vibration and vibration tests are shown on
Table III. No changes in receiver outouts and no "birdies" were noted
throughout the renge of vibrrtion test, even when mechsnicsl resonance
occurred. The shock test procedure was essentially the seme as the
vibration test. The a2ccelerstions used and the results are shown on
Table III. The accelerations given are peak accelerations and =re not
of more than 10 millis=sconds duration. This does not simulete aircraft
conditions in whick the ecuipment is subjected to accelerations un to
10z for a few seconds. However, the equinment used was the only shock
testing apparatus aveilsable.

Mechanical Deficiencies

23, In addition to the various electrical snd mechanical character-
istics of the subject equipment studied and discussed in the preceding
paragraphs, the following list of nechsnicsl deficiencies are noted from
a careful éexamination of the eoguivment.

a. The adapter unit is not suitably shock=mounted. In fact, it
is not shock-mounted =t all,

be The rotatsble mountins and shaft for turnins the looo coil
is mechenically wezk,

c. Io meane is provided for remote operation of the sense circuit.
de The sense switch should be more sturdily constructed.

e. The aziruthal scale mechanism should be redesigned to make
it more sturdy snd rigid.

f+. The nower =nd switech pluss should be of different desigzn from
each other in order to =void possible confusion. betwesn them,

[P — RN e
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h,

The thresds on the nresent coil forms for mounting the tun-
ing slugs become suffici=ntly worn to s2llow the slus to
fg,].l Out .

The bend switch relay mechanism should be re-designed to
nrevent chattering,

SUMMARY OF RESULTS

24, The

foregoinge discussion of results revesled some detailed.

noints of interest concernine the loon 2nd its =d=nter which may be

summarized
Electrical

25, A

-b.

C.

d.

Ee

in the following list.

The sensitivity of the loov and adanter do not meet the

specification of 100 microvolts but vary =s shown in Pl=te 11,

The selectivity of the adspter unit is satisfactory.

The maximum to minirmum ratios of the "fisure of 8" nattern
of the iron-core loon are considered szatisfactory.

The communication chennel of the sdenter (with a 5' antenna)
is considered satisfactory.

The use of the loop chennel in vnlace of the communication
channel introduces = minimum loss of 22 db and a maximum
loss of 29 db. This loss must be comnensated for by the
anti-precinitation strtic and low wind drag proverties of the
loon to warrsnt its adontion.

The effective height of the iron-core loon is

(1) one helf (1/2) that of the DU~-I loop and about
one-fifth (1/5) that of the RFD-1 loop.

(2) 1.7 times that of an air-core loov of the same size,

shane and inductance.

(8) Two-thirds (2/3) that of an sir-core loop
anproximately 8" in diameter and hevins the same
inductance =s the iron~core loon.

The sense circuits of the loop adanter are unsetisfactory.

No adjustmonts of the loom or ad=nter are necessary when
using the ecuioment with different receivers.

The nresence of the shielded housings does not affect the
sensitivity of the loon..
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lechanical

26.

Je

Ba

d.

On the basis of an snalysis of the factors affectine the
sipnel-to-noise ration, the "Q" of the loon is of secondary
importance for reasonable values of § (Q grester than 20)
and that the signrl-to-noise ratin veries linearly with the
loon effective height.

The loow is of the iron-core tyne, vreacinitation static
shielded =nd weirhte 7.5 lbs. complete with housines and
zerrs. The combined weight of the loon, adantor unit, re-
mote bsnd switch, nower cebles and RF cahles is 15 pounds.

The tuning condensers of the =danter nay similtaneously be
counled nechanically to the tunine control of twoe ARa receivers.
The "tracking" hetweon the adenter and the ARA receiver

tuning control is excellent.

The 2 nound wind drag of the iron-core loop housins compared
to the 10 »nound wind dree of =n SCR-269 G looohousing (nresent
standard Yavy loon) at 250 IPH nermits the accentance of some
comoromise in the sensitivity of the iron-core loon,

The eouinment hss verious mechanicsl deficiencies which are
listed in narazronk 23.
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CONCLUSIONS

27, Fror the tests and investig-tirn comducted on the subject iron-
core loons and its assccisted adsnter and renorted herein, it is concluded:

(2) That the oversll nerformsnce of the subject 1oon and
rdapter does nnt meet either the smended snecificstions
cited in nmarsgrash 4, or the orisinel snecifications of
reference (2) =nd are therefore nnt suitable for Naval
aircraft use.

(r) That the mechenicrl and electricel characteristics of the
iron-core lonm and housing offer distinct possibilities
for 2 low-drag, high sensitivity loon,

RECOMIENDATIONS

28, It is recom ended:

(a) That the subject iron-core loon and adanter not be
accented for use on Navel zircraft,

(b) That further investizations of the use of irsn-core loops

be carried out, bssed on the dats and results obtained
herein.

(c) That = study be made to determine the relative diserinination
of the conducting ceating of the loo» housing against

arecinitation static, This detziled study migsht be conducted
along the lines sugrested in the nreliminary investigation

of precivitation ststic revorted in reference (j).

T tpianisa) ~10-
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APPERDIX 1

Theoretical Consideration of Iron-Core Loous

i 10 It is of essential interest to consider here some of the factors
influencing' the effective height of an air-core loov which mey Dbe
comouted from the relation:

h =8'_r‘iNA. & KN (1)

il

where he is the effective height, N is the number of turns, 4 is the
area, and « 1is the wave-length of the received signal, If an iron-
core is now placed inside the winding, the new effective height hé
becomes:

h' = a’-’ya- .+ P = Kipe (2)

where ug is the effective permeability of the loov coil. In other words
the field inside the coil is intemsified u, times thersby increasing
the loop effective heizht proportionately.

2a However due to the presence of the iron core the inductance L of
the air-core loop hes now been increased to L', Since it is desirable
that the inductance rem-in unchenged in order to maintain the same
tuned circuits the turns of the loop must now be reduced to & new value
N' in order that the inductence L be restored. It can easily be shown
that:

L N
/ Be

And, revlacing ¥ by its new value X' in (2), the effective height be-
comes:

(3)

LIS « g

ht e/he = i"-"_.le

Ss This formula is apvroximate since it does not take into account
the effect of reduction of inductance with the greater spacing of turns
associated with a decrease of the number of turns for a coil of given
length, Eowever, it is the ususl practice to make the coil as short as
vossible in order to reduce weight and reduce the wind-g@rarc.

4, When the number of turns are reduced from N to K' there is, in
conseouence, an increase in the Q of the loov neglecting losses in the
core. If the looo is directly tuned, this increzsse in ¢ value results 'in
imoroved performance=, EHowever, in egquinments utilizing loop couoling net-
works, the incressed loon Q is often obscured by the Q values of the coils
of the transformers, etec.
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APPENDIX II

Test Conditions

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

Sensitivity

e ——————— T

2. liethod I

a. The loop and associated ecuipment was vlaced under a cali-
brated transmission line; the transmission line being in a
shielded room of normal temverature and humidity. The loon
was oriented with res-ect to the line to the nosition of
miximum signal. A 400 cycle 30% modulated signsl was used.

b. "ith the standard signal generator (feeding the calibrated
transmission 1lins) onerating at Modulation Off, the receiver
gain control was set to give a 12.5 I''l audio noise outout.
Whensver this noise output was not available, the maximum
noise outnut was used. The standard signal generator was
then onerated at lodulstion On and, by successi¥e adjust-
ments of the outvut of the standard signal generstor and the
cain control on the reeciver, a 4 to 1 sisnsl-nlus-noise to
noise ration ( (S + ¥)/X¥) was obteined and the out-ut of the
standard siegnal gener-=tor recorded. ZFrom the calibration
dats of the line, the microvolt per-meter field strength
was determined at the center o the loop; .this field strength
being the measure of the loop sensitivity,

3. lethod II

(a) The looo of the equipment under test was connected in series
with & 1 ohm resistor, This was eccomplished, in the case of
the iron-core loop, by conuaecting the resistor betw==n the out-
side of the Selactor fittine (at the base of the housing) and
the shieldine braid of the PT-5 cable. The eguipment under test
was vlaced in 2 shielded room, the temoversture and humidity
conditions being normel.

(b) A standard signal generator was connect~d across the 1 ohm
resistor. A 400 cycle 30 : modulsted sircsnal was used.

(¢) 7ith the standard signal eenerstor oversting st Lodulation
Off, tkhe receiver gein control was set to give a 12.5 IW
sudio noise outnut. WYWh-never this noise outoput wes not
available, the meximum noise outout was used. The stendard
signsl generator was then over-ted at Eodulation On =and,
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by successive adjustments of the outout of the standard
signal generator and the gnin control of the receiver, a

4 to 1 signal-plus-noise to noise ratio ( (S+¥) /¥) was
obtained and the outout of the standard signal generator
recorded. From a knowledge of the internsl impedence of
the stendard signs1 generstor and the effective heieght of
the loon, the eguivelent microvolt-per-meter field strength
was determined,

4. When the iron-corc loov snd associated adapter were oversting into
the aARa receivers, the adanter and receivers were tuned to approxinately
the center of eoch bend; the frequencies used being 300 Ke and 1000 Kc.
The adapter and receivers were tuned independently snd then a flexible
tuning shaft was connscted between the adspter and rececivers. When
receivers other than the AR, wers used in association with the adapter,
this mechenics1 linkage was not possible and manual tuning of both
receiver and odapter unit weas necessarv at each freocuency at which
sensitivitiss were teken.

Selectivity.

(2) The iron-core loop wes nlaced under a calibrated transmission
line; the transmission line being in a2 shielded room of
normal temoerature snd humidity. The loov was oriented with
respect to the lin~ to the vosition of maxirum sign»l. The
loon wes connected to the adapter by mesns of 15 fe-t of
PT-5 ceble. The adanter wes in turn connected to the innut
of =n AR~ receiver,

(b) An RF signal with 400 cycle 30% modulstion wes fed into the
transmission line, The ad=apter and receiver were indevend-
ently turned to the desired freguency (300 K.C, for the
low bznd 2nd 1000 EC for the hich band). The adspter was
then sevarately cdetuned from the signal and the signal
streneth increased to maintain constant receiver output.

(c) ‘*easurerents were taken of the incresse in sign=1 strength
»t various "off-resonsnce" freguencies of the adepter unit
over the signal strength =2t the resonent freouency,

(d) The amount of the chense in freguency by which the adanter
had been detuned was obtzined by alterings the freguency of
the signal generator to = point of mexirum receiver outnut
and noting the chenge in frequency of the signesl generator.

“FiQJIG Qi Bll Bﬁtjas
6. The ratic of the maxirum to minirun response of the "figure of 8"

pattern of the loov were drtermined by two different methods.
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liethod I

2. The iron~core locon and adsonter were onerated in association
with ARA receiving ecuinment. The tests were performed in
oven country, free of metal obstructions.

b. Loezl broadcast stmtions and radio range stations served as
sienal sources. The control box was switched to CW reception
and the receiver was detuned until the beat note givineg maxi-
mum gudio nover was reached. This served as the tuning
criterion on range and broadcast stations since C' reception
yielded unstable power output meter readings.

c. Ratios of receiver outnut in volts corresnonding to orienta-
tion of loop for maximum and minimum outnuts were noted. The
receiver gain was adjusted to give a 350 W' signal olus-
noise audio vower outout for the loon oriented for maximum
signal pick-un, This audio power level was chosen since
above 400 M7 the AVC action of the ARA receiver becomes
fully active,

i.ethod II

a. The iron-core loov was placed under g2 calibrated transmission
line into which a 400 cns - 30% lodulated sisnal was fed.

b. The ratios of standard sisnal generator voltase were noted
which geve eoual power outouts with the loon oriented to
positions of maximum and minimum siensl pick-un. During the
test, it was ascertained that the receiver output noise level
remained unchanged.

Loop Effective Height

e In order to determinc the effective heisht of the iron-core looo
and various other standard and exmerimentsl loops, the following procedures
were used, The test set-uo is stown in Plate 8.

2. The tests were conducted in a shielded room with the iron=
core loop connected in series with a2 1 ohm resistor and then
throush 10 feet of PT-5 cable to an SX-28 Hallicrafter receiver.
A nover meter was conn-ccted to the audio outmut of th= rec=iver,
A 400 cycle 30% modulated signal was employed. The temperature
and humidity conditions of the room were normal.

b. The looo under test or test loon was nlaced at a fixed distance,
coaxial and coolanar, with an air-care injection loon. The field
strength at the test loon was related to the outout of the standard
sisnal generstor bv the following method: The test looo was re-
placed by £n 2ir-core loon of calecul-ted affective heirht and

LR
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connected in series with a 1 ohm resistor. The reading of the
power output meter was noted for a given ocutnut voltagze of the
standsrd signal generator with the generator connected directly
across the terminals of the injection looo, The signal eenerator
was then connected across the 1 ohm resistor in series with the
alr core looo and th- output of the stendsrd signal generator
varied until the orevious reading of the power output meter was
obtained. From this gensrator readine in conjunction with the
effective height of the sir core loop, the field strensth could
he= computed.,

¢. In order to det-rmine the effective height of the iron-core
looo a voltege was induced in the iron-core loop by mesns of tre
injection loev and the reading on the power ocutout meter was noted.
The stendard siznal generator was then connected across the 1 ohm
resistor (in series with the iron-core 1oov) and the output of the
stendard signal generator adjusted until a like resdine on the
power outvut meter was obtained.

8. From a knowvledee of the field strength st the iron-cors l0on and
the value of the voltsre across the 1 ohm resistor, the effective height
of the iron-core loon could be determined.

Temperature !

2. 2. The losp and adavter were nlaced in-a temperature chamber in
2 shielded room. The loon and adapter were connected to an ARa
receiver located outside the tempsrature chamber in the shielded
room whose temperature and humidity were normal, . The iron-core
loon wes excited by means of an injection loov atteched to the
housing of the iron-core loop.

b. The injection loop was fed by 2 signal generator outside the
tempersture chamber with a 400 CPS - 30% wcduletei sipnsl.

c. The adanter and receivers were tuned to - 500 KC and 1475KC.
The reguired injection and receiver input voltages for 50 MY audio
cutout on the power meter were noted. High signal levels were

used,

d. The temperature wes varied between =30°C. and + 50°C, while
the relstive humidity was msintained anproximately constant at
35‘19

e. The ratio of reouired inputs at the various temperatures to

normal temperature were noted for both the receiver and the
adapter.
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Hunidity

10. ». The loop 2nd adapter were vlaced in 2 humidity chamber in a
shielded room. <*he looo »nd adaster were connected to an ARa
receiver loc-ted outside the hunidity chamber in the shielded
room whose termerature snd humidity were normal. The iron-core
loop was excited by mesns of =2n injection loon atteched to the
housing of the iron~core loop.

be Same as (b) of temverature test.
¢. Same as fc) of termerature test..

d. The relative humidity wes veried between 35% and 97 while
the temperature was held constant at 50°C.

e. The ratioc of reguired in-uts =t verious humidities to normal
humidity were noted for both the rec~iver snd the adapter.

Vibration

i1, a, The anti-precipitation static loon snd an attached injection
loop were securely bolted to a large vibration teble, this
vibration t=ble being in & room of normal termerature and pressure.

b. The table was vibrated for sbout two hours over 2 freouency
ranee from 0 to avoroximstely 2400 com.

¢s The adapter (not mounted on table since no shock mounts were
provided) and ARA receivers were tuned to 300 Kc and 1000 Kc. The
required injection and receiver input voltages were noted which
gave 50 MY readings on the power outout meter throushout the
vidbration runs. High signal levels were used.

Shock

12, 2. The iron~core loop and an attached injection loon were
secur=ly bolted to a shock table, the shock table being in a2 roonm
of normel teuwpersture and prescsure,
. The accelerations used and the results are shown on Table III.
¢, Tre sccelerations given are pesk accelerstions and ere not
of riore then 10 milliseconds duration. This does not sirulate
asircraft conditions in which the eouivment is subjected to

accelerstions un to 106G for = few seconds, However, the eauin-
ment used was the only shock testing anperatus available.

EiaETy 2
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Performance Study
Exverinental Iron-Core Loop

Experimentel and Theoretical Sensitivities®

Bend Freauency Txperinental Theoretical
I 20C Kc. 160 uv/r 171 uv/n
280 85 107
500 65 87
G 5 500 75 69
1000 45 375
1500 70 D.2

* Iron-core loon =nd sdznter operating in
associsation with 52+ receiver, Sse anpendix for
detailed Test Conditions.
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Perfornance Study
Byo-rimentsl +ron Core Loop

"Pigure of 8" Ratios of Loop*

A. In Ov=n Country, Using Broadcast =nd Radio Range
Stetions as Signsl Sources (hethod I).

Freguency Ratio
333 Kc, 31,5 db.
632 . 25..5
980 32 .2

1080 22.4

1340 27.7

1450 23.6

1500 27l

B. Under Celibrated Tronsmission Lins (lethod II)

Fregquency Ratio
200 Ke. 93,1 dﬁ.
300 “ 97.1
500 95.2
650 84,5
200 90.9

1475 95,4

* See aApvendix II for detailed Test Conditions

iR —
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Performance Study
Txp-rimentzl Iron-Core Loon

Vibretion and Shock Test

As. Vibration Characteristics of the Loon*

iechanical resonsnces™* 1500 com
1250 cpm
Hote: aAmplitudes at these two
resonant frecuencies reached

fron 1/8" to 1/2",

Wo loss in g2in or detect=ble sdverse effects in either bhand.

B. Shock Test of the Looo*

acceleration*** Results

10z

20¢g Yo detectable adverse
30g gffects in either band.
40g No loss in gsin.

50g

125=

450g
525z
*The adepter unit could not be tested beceuse no
shock mountings were provided. See Apvendix II
for detziled Test Conditions

**The vibretion tsble resonated st 500 cnm 2nd 900 com.

¥** Thege were verk sccelerations =nd of not more thsn
10 milligecondes durstinn.

TABLE
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Performence Study
Experimentsl Iron~Core Loop

Weight of Loovn =nd Adepter

Loon *hsdanter

7 1/2 1bs. % 12 1bs.

* Includes rerote bsnd switch, power
cables and RF cables to the receiver.

i A vz 1v
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