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1. The tesis herzin reported wers authorized by raof.(a). Other

Reference: (a? Buln; 124.867/69(1-19-18) of 22 January 1935.
- (v) Specificstions RE 69A 175A. |
(c) Specificections RE 13A 474A.
(d}) Specificztions RE 104 263H (name plates)
(e) Specifications RE 13& 317F (ceramic insimlating materials).
() NRL Report do. B-1134 of 13 Harch 1935. 2
(2) RCA Mfg.Co. Instruction Book IB-20-2056.
(h) RCA ¥fg.Co. Limro dated 20 Februsry 1935.
(1) Contract NOs-38492 dated 3 October 1934.

2. The object of this test was to delermine first, the acceptability
of the detail:z incorporated in the complete loop and loop mowmting structure
zs designed to be furnished with the Model UQ rzdio dirzction finder equip-
aent and; second, its compliance with the goveraing specifications, refs.(b)
and (c}.

AESTRACT OF TEST

3. The loop and loop mounting structure of the Hodel DQ equipment was
set up in the. Lazboratory and given a genersl inspection for mechanical con-
struction. In view of the fect that the recelver used with this equipment
is the same az that employed with the ¥odel DO-1 equipnent, only the loop
cherasteristics of the Model DY eguipment were detsrmined. With this data,
together with the performance data as given for the Fodel DO-1 equipment in
ref.(f}, the overall performance of the Hodel DG equipment nmay be predeter-
mined, on a comparmtive basls, since only the loop circuit characteristics
of the two equipments will differ from one another. The electrical tests
conducted are as follows:

() Determinaztion of effective height of the loop within
the renge of 100 to 1500 kilocycles.

(b} Kezsurement of loop circuit rzdio frequency resistance.

(¢) Determination of loop cirsuit Q's.

(d) Determination of loop circuit selectivity.

(e) Measurement of true inductance end distributed capacitance.

(f) Comparison between the uiodels UQ and DO-1 loops for loop
circuit gain,
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The conclusions of thle report ure confined to the design, consiruc-—
tion, snd operation of the complete loop essembly. 4in regard to-overall
perforuance of the iodel DO radio direction finder equipment, consult the
conciusions given in ref.(f). ' : .

(z) The complete loop assembly is considered to be very well
consbructed both electrically znd mechanically. It presents a plessing
eppearcnce, and the workmanship and materials employed zre of excellent
quelity.

- (b) The complete loop assembly when operated with a type CRV-
460314 receiver and a type CRV-20011A power unit can be expected to yield
results equal to those of the liodel DO-1 equipment.

(¢} The governing specifications have been met except as indicated

under par.42 of this report which requires very slight mechanical changes,
and as indiceted in ref.(f).
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It is Tecormmended:

(2) Thot un improved meens be provided for securing the dome for
the azimuth diel lemp to svoid any possib111hy of its loss under condi-
tions of v;braoion. ' ]

(h) That st lesst size #10—3~ screws be employed for securing the
collector ring brush assembly to the operating assembly of the loop equip-
nent.

(¢c) That the loop antenna terminal plugs be made of suitable size
to permit their insertion through the receptacle holes as provided in the
types CRV-46031 or 460314 receivers.

(d) That the loop constants be made such as to assure that posi-
tive trimming may be obteined with the trimmer condensers as furnished in
the CRV-460314 receivers.

(e) That the complete Wodel DO equipment be considered matisfactory
for Naval service after the pertinent recomnendations &s listed above, and
as listed in ref.(f), have been complied with in a manmner meeting the ap-
proval of the Bureau of Engineering.
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DESCRIPTION OF HATERLAL UNDER TSST

4. The nmaterial under test consisted of one coaplete loop end loop
mounting structure as desipned for use with the Hodel D¢ radio direction
finder eguipment. No receiver was furnished. However, since the *odel
D¢ receiver is to be the same as the Hodel DO-1 recceiver, the latter was
used for these tests. The Hodel DQ loop and loop mounting structure was
menufactured by the RCA lanufacturing Compeny of Camden, New Jersey, on
Contract N0s-38492 and was delivered to the Laboratory on 25 February 1935.
The equipment as supplied included one CRV-69014 loop and loop shaft as-
scnbly, one CRV-69016 pressure hull fiiting, one CRV-69017 collector ring
assenbly, one pedestal with the necessary pearts for attaching to the hull
and superstructure and for supporting the loop and drive.

*{ETHOD OF TEST

5. The effective heights of the CRV-69014 loop assembly were calzu-
lated for 100 and 1500 kilocycles from the physical constants of the loop.
Since the variation of the effective height of the loop with frequency is
a linear relationship, caleculations are required for only the upper and
lower limiting frequencies.

6. The loop circuit radio frequency resistance was messured for five
frequency settings for each band of the CRV-46031A receiver (iodel DO-1).

The loop was connected to the CRV-46031A receiver so as to furnish proper
loading at all frequencies and & neans for tuning the loop to resonance at
the test frequencies. HMeasurements of radio frequency resistance were made
with a General Radio Type 516C, Serial No.23, radio frequency bridge, using
a General Radio ‘ype LC-a, Serial No.l, standard signal generator as the
signal source to the bridge and an auxiliary experimentel receiver to indi-
cate the null point. The substitution method of measurement using the bridge
to indicate balance was applied to this test.

7. The loop circuit Q was calculated for the severasl {requencies at
which radio frequency resistance measurements were made. The calzulation
for any frequency was based on the measured radio frequency resistance and
the true inductance of the loop and load circuit at that frequency. A
description of the method used for determining the true inductance of the
loop and loop comnecting leads down to the receiver input terminsls is
given below. The inductance of the load coils for each band of the CRV.
460314 receiver was previously determined, and & description of the method
employed for obtaining this dats is given in ref.(f).

8. The loop cireuit selectivity was celculated from the calculated

Q volues obtulned for the overlap frequencies and geometric mean {requency
of the overlap frequencies for each band of the CRV-46031A receiver. These
caleulations are based on the Universal Resonance Curve as foumd in Terman's
"Radlo Engineering®.

9. e e_induc e and distribute ac of the loop and
loop connecting leads down to the receiver Input terminals of the loop
cable were determined by opplying a signal from a General Radio Type LC-a
standard slgnal generator to the loop center end then tuning the circuit

.



. for reson:nce with a General Radio fype 222, Serial Np. 162, precision con~
denser connected &cross the receiver input terminals of the loop 2nble. &
Nevzl Resenrch Laboratory slide back tube voltmeter connectsd across the re-
ceiver inp:t terminels ol the loop cable was used to indieccte resonance. The
capa ,it:; rwuirad to tune the loop to resonznce was determined for several
input signul frecuencies. From this datz a curve of wave length scuared

otted zc ordinates sgainst cdpacity us abscissae may be obtained. The true
inductance ‘and distributed czpacitance may then be calculated from data ob-
tained from this curve.

10. _A comparison of loop circult gain when using one or the other of
the .odels PQ or DO-1 loops connected to the CRV-46031lA receiver was made.
For this test the loops were arranged with their planes parallel to each
other and in such 2 position with respect to surrounding objects that the
field intensity would be approximately the same for both. The DC loop was
connected to the receiver and a signal near the-high frequency end of the
high frequency band of the receiver was tumed in. The loop trimmer capaci-
tor in the receiver was adjusted for maximum output. The Model DO-1 loop
was then connected to the receiver input replacing the DQ loop and the above
procedure for receiver adjustment repeated. The outpuis obtained for both
1loops were then recorded.

DATL RECORDED NG TESTS

11. Complete data were recorded'on all tests conducted and this informa-
tion is contained in Plates 1 to 7 appended hereto.

PROBABLE ERRORS IN RESULTS

12. Since the accuracy of the frequency adjustment of the standard
signal generator is within + 0.1% for all frequencies and since the accuracy
of the radio frequency bridge is + 1% for all values of resistances within
the range of the bridge, the probable error in the results of the radio fre-
guency measurements will depend very largely upon the slope of the radio
frequency resistence curve for the loop circuit and upon the method of
measurenent. Inasmuch as the slope of the radio frequency reslstance curve
is not very steep, the error in the frequency adjustment will have only a
slight effect upon the true radio frequency of the loop circui: at any fre-
quency. Jthe substitution methed of measuring the radio frequency resistances
eliminates the error of the bridge to a large extent. In the [inal analysis,
the meesured radio frequency resistances are within *+ 0.1 ohm at any fre-
quency.

13. The accuracy of tha calculations for § at any frequency is within
the limits of + 1%.

1.. The loop circuit select1v1ty &s calculzted from the calculated Q
for zny frequency is accurate to + 10% for sensitivities off resonance.

15. The errors introduced in determining the effective heights of the
loop depend upon the symnetry of the loop winding within the loop housing.
in all probability, these celeulations are accurate to within 5%.



16. These ealauliilons of the true loop inductance cnd distributed
especitance of the loop and ite uzssoclated leads are accurote to within
+ 10 %, ©5 detzrmined {rom the wave length squared curve. -

RESULTS OF TESTS

17. The celsulation of the effective heights of the CRV-69014 loop &t
100 and 1500 kilocycles is based on the formula:

p= wal X‘10_12
3
where h = effective height in meters,
a = area of loop in sguare centimeters,
N = number of.turns;

w= 2% f, where f = frequency in cycles.

The loop is wound with & turns of stranded cotton braid insulated, tinned
copper wire having a diameter equivalent to #16 B&S gauge. The mean di-
ameter of the loop is 52.0 centimeters. The effective height of the loop
veries from 0.00350 to 0.0534 meter for a frequency range of 100 to 1500
kilocycles respectively. This is slightly less than for the Model DO-1
locp (CRV-69003) whose effective height varies from 0.00387 to 0.0581 meter
for the same frequency range. A curve showing this relationship is shown
on Plate 1. . :

18. The radio frequency resistances of the CRV-69014 loop &re shown
on Plate 2. Comparing these results with those shown for the Model DO-1
loop (Plate 6, ref.(f) ), it will be noted that the resistances are ap-
proximately the same for the two types of loops neer the low frequency
ends of each band but that they increase more rapidly with frequency for
the CRV-69014 loop than for the CRV-69003 loop. It will be noted also
that the curve for the high frequency band shows the same irregularity
as does the corresponding curve for the CRV-69003 loop, but to a much
greater degree. Lhis irregulerity wes checked and rechecked without change
in results.

19. dne loop circuit Q's shown on Plate 3 were celculated from the
radio frequency resistance values shown on Plate 2 and the true inductance
of the loop circuit at the several frequencies considered by applying the
following formulas

G = wl
R

where I

]

loop circuit inductance (includes loop and
load coil inductance in millihenries),

R = radio fregueney resistance of lonn rirenit
in ohns,
-y



w =2 xf, where f = frequency in kilocycles.

Corparing the loop circuit ¢'s of the CRV-99014 loop with those showm on
Plate 9, ref.(f), for the CRV-69003 loop, it will be noted that the Q's

are approximately the same nezr the low frequensy end of each band but
decreasc more rapidly neer the high frequency ends of the low freguency and
nedium frequency bands for the former loop then for the latter. This is in
ggrecment with the resulis obtained and discussed under par.l8 zbove. The
dezided irregularity of the curve for the high frequency band reverts back

to that of the redio frequency resistance curve for the same bond. On the
averege, however, the locp circult Q's for the Hodel DG eguipment are slight-
ly less than for the ¥odel DO-1 eguipment.

20. Plate A shows the wave length squared curve for determining the
true inductance end distributed capacitance of the CRV-6901/ loop together
with its associated pedestal leads, slip rings, and receiver coupling cable.
The calculated inductence is 64.3 microhenries and is based on the formula:

_AAR
po= AC
3.553
where 2
.f%%__.= incremental slope of the curve,
3.553 = a constant.

This compares with the calculated inductance of 63.2 microhenries for the
Hodel DO-1 equipment. Jhe distributed capacitance as determined by the
distance from the origin to the intercept of the curve with the axis of
abscissae is 130 micromicrofarads. This compares with a value of 150
nicromicrofarads for the Model DO-1 equipment. Since by & previous measure-
nent the distributed cepacitence of the 108" cable is 103 micromicrofarads,
this leaves a value of 17 micromicrofarads for the loop, loop pedestal, and
slip rings. The capacitance of the loop, loop pedestal, end slip rings for
the lodel DO-1 equipment was 46.5 micromicrofarads. The reduction in the
overall distributed capacitance of the Model DG loop equipment is due
largely to the use of ceramic insulation (presumably isolantite) which is
used throughout the assembly.

2l. The loop circuit selectivity curves shown on Plates 5, 6, and 7,
are based on the celeulated loop circuit ('s and the Universal Resonance
Curve shown in Terman's "Radio Engineering”.

22. A comparison of the loop circuit 'gain shows the Model D¢ loop
equipment to be espproximately 4 decibels better than for the Model DO-1
equipment under similer conditions of test. In connection with this test;
it is to be noted thet it was possible to trim the loop circuit of the
CRV-46031A receiver to match the Model UQ loop with the minimum capacitance
setting of the loop trimmer condenser, thus leaving no tolesrance for cases
where the LC of the loop may be greater than in the model tested.

-5-



23. The results obtuinzd from the tesis made on the llodel DG loop
eculpment ‘and discussed under pars.l7 to 22 inclusive show that the per-
foraence of the iodel DQ radio direction finder equipment will be very
closely the same as for the Model DO-1 radio direction finder eguipment.

Therefore, further tests on the former equipment for specification compli-
ance will be unnecessary, and the results of the tests conducted on the
latter equipment and covered in NRL Report No. R-1134, ref.(f), will apply
to the subject equipment. Briefly, then, it may be stated that the odel
DQ equipment will conply with specifications, ref.(c), only to the same
extent as does the liodel DO-1 equipment. All persgraphs except pars.5-1
to 5-37 inciusive and 13-1 to 13-6 inclusive of Specifications RE 13A 4744,
cpplying particulzrly to the Hodel DO-1 equipment and reported upon in
ref.(f), apply equally well to the iodel DQ equipment.

2L. The following comnente are with reference to Specificztions
RE 614 1754, ref.(b), which apply directly to the construction and opera-
tion of the llodel DG loop assembly structure. Reference should be made
here to the preliminary instruction book, 1B-20-206, ref.i{g), for detail
drawings of the subject equipment and instructions for instzlling the loop
and drive. The iiodel DQ equipment falls under the classificatlon of group
nEtequipment as defined in ref.(b). :

25. Par. 1, 2 (groups A to D), 3, 4, 8 to 20 inclusive, 23 to 33 in-
clusive, and 41 to 58 inclusive do not apply to group "E" equiprents.
Par.5 to 7 inclusive, 21, 22, and 34 to 40 inclusive, apply directly to
group "E" equipments and are covered by the reference peragraphs below.

26, Per. 2 (group "E"). No radio receiver or power umit for the
Zodel D¢ equipment was received at the Laboratory for test.

27. Par. 59,_60. Specification requirements are met.
28. Par. 61. HNo comment.

29. Par. 62. All above deck parts of the Model DQ loop other than
wire or insulating material are of brass. The pedestal and deck clamns
ere finished with a heavy galvanizing which is suiteble for toking paint
efter instellotion. The loop castings and loop shaft, except for the
cover end, are coated with clsar glyptel vernish as part of the sealing
operation. It is claimed by the nmanufucturer thut thls coating serves
a5 o setisfectory.bese for any suitable paint after inctallation. Glazed
ceranic insulating meterial, probebly isolentite, has been used wherever
insulation is required. £11 bolts, nuts, and lock weshers exposed to
sea water cre stzinless steel.

30. Par.63. No test as prescribed by this specificction wes con-
ducted at the Laboratory. 1t wes stuted, however, in the RCA memoreandum,
ref.(h), that the loop and loop shaft assembly for the Model DQ equipment
had been subjected to & hydrostatic pressure test at 350 pounds per equere
inch intermittently applied after sssenbly. The results of thls test cre,
however, not recorded.



31. Par. 64, 6%, 6G. Epecifizniion resuirementc nrc net.

32. Par.67 (per.Z, €, 7) The CRV-69014 loop is z rotstablc wmetallic
tubular housing made up of three sections bolted together end with a
g for rudio reception purposes contzined within. The loo; io cirsu-
1zr in forz, huving & round cross section and is capctle of roi:nting ey:-
metrically in & circle having tn extreme diameter of 23-2/4". The speci-
flcztion reguirenent in this regard is not more than 24" cnd not less than
22". The loop assexbly is so constructed &s to be watertight when mounted. -

33. Peor. 68, 69, 70, 71, 72. The reguirements of these speciflica-
tions are met.

34. Per. 73. (par.34, 35, 36, 38, 39) In azimuth sczle having &
diamcter of 10" is provided and secured to the operating essembly. The
nzimuth scale carries on its periphery 1, 5, and 10 degree marks from O
to 360 degrees, reading with increase of numerical values from left to
right as viewed when instelled for operztion. Each tenth division is
suitably marked with numericzl figures. The marks from O to 191 degrees
inelusive are filled in black, “vhile those from 191 to 359 cdegrees inclu-
sive cre filled in red. The operating hand wheel provided for the purpose
of roteting the loop hes & diameter of 15 inches, is of the open rir type,
erd-is designed to be firmly secured to the operating shaft. The rim of
the hend wheel is of wood, finished with wseinut vernish.

35. Par.7. (par.37). The requiremenﬁs of these specificstions are
net. ;

36. Par.75 (par.21, 22). The reguirements of these specifications
zre net. )

37. Par.76. HNo comnent.
38. Par.77, 78. The requirements of these specifications &re ret.

39. Per.72. The insuwietion of the loop &nd lead wires cnd the
naterial of the spacer blocks nre presunably of isolantite. Refer to
Plate 3 for the € vsluec of the loezded loop £t zny frecuency within the
range of 100 to 1500 kilosycles. io nezsurements were rmade for the loop
when mloaded.

/0. Par.80., Specificction compliznce is nct,

L1, Par.81. & 9 foot shield cable similar %o thut furniched with
the llodel LO-1 enuipment lc provided for comnecting the collector rings
to the redio receiver.

22. & summary of the defects noted ure s follows:

(a) Per. 74. The uethod for securing the dome for the szimuth
gczle lamp is not satisfectory owing to the fect thet under conditions
of vitrection the thunb serew will become loosencd, thus permitting the
cea for seeuwring the Come to ehlft ite positlon and henss reloree the
“ries The dour, shen relerzed, fells out of place very erzlly ead is,

4%, ~. 1 TR TR, SR = %
R T B e R M e il
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%) Par.8l. The seress for seﬂurin the 2ollestor brush norobly
; g 3

s the opcragxn; Lenetly ure not In keoping with the mgped desim of the
rort of the Ioco styucture, - Thore seorews should ne =t ler<t cire f10-22,

; f 2} The leor ind antenmns pluge differ fro: these [uniched with the
0-1 equipments by having their metallic outer cosos naGe of 1/3%4" nstecd
of 1/32" tubing, thus muking it impossible to fit then into ‘he rosepbacle
holes provided in the receiver cabinets as furnished with the [0-1 =zunip-
ments.

(d) The loop constants sre such that itrimming is barely possible
with the trinmer condansers provided in the receivers with which they gy
. he expe*t:m to operele,

"N-I OLUSIONS

3. The conclusions of this report ere confined to the design, con-
struction, &nd operation of the complete loop assembly. In regzrd to over-
all performgnce of the iodel DO rzdio direction flnder equipment, consult
the conclusions given in ref.(f).

44. The complete loop assembly is considered to be very well con--
structed both electricelly and mechanirally. It presents & pleessing ap- -
pecrznce, and the workaenship and materiels employed are of excellent
cuality.

%45. The complete loop assembly when operated with & type CRV-Z60314
receiver and a type CRV-20011/ power unit can be expected to yield results
equal to thosé of the kodel LO-1 ecuipment.

46. The governing spezificections have been met except as indicnted
wnder per.42 of this report vhich recvires very slight mechanical changes,
tnd ze indiested in ref.(I). ,
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