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AUTHORii~TION FOR TEST 

1. The tests herein reported were authorized by reference (a) . 
References (b) and (c) were used in conjunction with the tests made. 

Reference: (a) Bu.Eng.ltr. C-/,J978(2-J-W8) of 6 February 1936. 

OBJECT OF TE.ST 

(b) Instruction Book ror Type RDF-1-A Direct ion Finder. 
(c) Bu.Eng. ltr. NOs-4l504(2-18-W9) of 20 Feb. 1936, 

2. The object of the tests was to determine the chcrncteristics of 
the Model CXN-RAJ radio direction finder both as a portable nnd ns a fixed 
equipt1ent when oper~ting from storage battery or ~lternating current power 
supply, 

ABSTRACT OF TF.STS 

3; Specific teots of the following rui.ture were conducted on the Model 
CXN-RAJ radio direction finder, 

(a) Inspection of woi•Jollt.nship, construction ancl mat~ria.l.s. 
(b) Operntion of the equipoent with AC power supply. 
(c) Operation of the equipment with DC power supply. 
(d) Quality of the cardioid pattern. 
(e) Effect of misadjustments on benring, accuracy end sense 

indication. 
(f) Accuracy of equipment, 
{g) Range o! the ec;uipment, including ~pproximate sensitivity. 
(h) Selectivity. 
(i) Operntion with non-oscillating receiver. 
(j) Operation ~t upper frequencies. 

oECLJ\5S\f\EO 
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QQ!.'!Q1U SlON l:i 

(a) The ~odel C¼N Directicm Finder j_~ ruggedly con.structed of good 
mz.:.teris.ls and shows good quality worktl;.Jlship throughout. 

{bj The circuit design is simple c.nd strEi.ightforwo.t'd. 

(cj With a battery power supply the bearings are reli~ble throughout 
the broadcast rnnge. At the higher frequencies vlhere the radfotion mE.y not be 
coming from the transmltter·in a direct path, the bearing~ are not as good, 
but ~hen a definite sense indic~tion ls obtained, it is reliable. It is 
theoretically impossible to l"everbe f,8<:.sc by night effect, so the chance is smcil 
thot b. beo.rkg with definite sense me.y be bud. Accurrtcy mi;,y at tim·es be very 
low on brcadcnst even though the sense indication is "relieble. 

(d) With AC power supply the power lead acts as an antenna and destroys 
the sense whenever the pickup on the power lead exceeds the pickup on the sense 
&ntenn&. The bear~ge become less reliable as the length of the po\ver lead or 
the frequency of the received signal is increased. The use of a counterpoise 
B.nd shielded power lead lessens the probc.bility of sense error but does not 
rel!love it entirely. 

(e) 
tuning. 

No change of bearings could be observed due to change of the loop 

(f) Bearings could be tE.ken on broadcast stations with the receiver in 
either the oscillating or non- oscillnting condition, but the oscillating condition 
was the better position for taking a bearing. 

(g) Good bee.rings could be Wen on keyed CW signals wherever the keying 
was r&pid enough and of sufficient duration to make the necessary &djustments. 

(h) In cs.ses where a steady carrier was available, the adjustments 
pertaining to sense could be made more accurately when an output meter ,re.s used 
instead ot a ps.ir of telephones, This is part,iqule.rly true of the loop tun.tng 
and ph~slng resistor adjustments. The actual bilater&l accur&cy ot bearing once 
!:.be sense had been determined is as good vd th the telephones for indicators 6Ild 
it is possible to work with lov,er signal 1 evels than 1 t is with the output meter 
for an indtcator. 

(1) Two or three positionli of the ph&sing resistor e.re sufficient for 
frequencies in the bro~doast bwld~ but for an idenl adjuataent necessary for~ 
true cardioid it le necesa6ry to make sepnrate adjustment ~t pract1cully every 
frequency. 

(j) Care in mel<ir.g ~djustnients and the use of a proper length sense 
antenna will give a cnrdioid whose rtitio of mWll!um to minimum on any frequency 
in the broadcast band will be greater than 15 to land in some caaes the minimum 
phases out so well that the ratio of maximUDI to minimum is greater than 100 to 1. 

· (k) The dependable range of the equipment on frequencies above the 
broadcast band is only as great as the optinal path, &It.hough at time& it is 
possible to take a bearing on 6000 kc transmission at a distance of 250 miles. 

-lE.-
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..... 
(1) Bearings could be ts.ken on a plc..ne in flight as long as a line 

crawn frQr.t the direction finder to the pluie does not make too large an angle 
with Et horizontal plene. Thfa a.ogle is estimated roughly to be about .30°. 

(m) No means h&.s been provided in the Model CXN-RAJ circuit fo1· 
bcl.ancing for sharp bilateral minima. However, it is possible, by plE..cing 
the band on the loop shield and sliding it along, to find b. bal~ce point 
resulting in a very sharp minimum at times. The equipment has a distinctly 
loner order of prec:j.i;:ion than the Model DP direction finder. 

R.ECOMMEND.hTl ONS 

It is recommended: 

(~) That the Model CXN-R/w Radio Uirection Finder be considered.satis-
factory for fixed inettll atione for approx.imate results provided the instal
lution is such that the power supply lesd does not pick up enough radiated energy 
to destroy the correct sense indicution. Vue con~ideration must be given to the 
~hort comings of loop direction finders &thigh frequency. 

(b) That the Maciel CXN-R/1J fuidio Direction finder be connidered satis-
factory for portable use when operated with a storage battery power supply. Where 
there is no danger of not recognizing l80° sense error, AC power supply could be 
used. 

(c) That the portion of the range &bove 1500 kilocycles be used for 
experi..Dlentc:.l purpose5. lf dependi:.ble .indications are necessary, the portion of 
the range below 1500 kc should be used. lJue ·caution shoul.a be observed to avoid 
possible error due to night effect. 

DECLASSIFIED 
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-MATERH.L UNDER TE.ST 

4, The Modei CXN- RP.J dlrec~!on findl.ng equipment i~ a combination of 
the Model CXN loop collector ~nd coupling unit opera ting with a Model RAJ 
receiver. The circuit. design of the Model CXN r&dio direction .finder ie identir.al. 
to tllat of the type RDf-1-A with the exception of minor modifications vihicb are 
required to permit operation from a 6 volt battery supply or frOlli the power pack 
of tt.c ~del RAJ receiving equipment l'ihich operates from 110 volts, 6o cycles, 
J •• c. With thefle modifications, tb.e direction finder will operate only with the 
Model RAJ receiver. The .frequency ron&e extends from 500 to 8000 kc. in seven 
steps. 

5. 
units: 

The f.todel CXN radio direction finder adapter consists of the following 

1 - Type 11130-B direction finder which consists of rotatable 
loop, associated circuits and mounting base. 

l - Receiver antenna coupling cable. 

1 - Junction box. 

2 - Power cables. 

1 - Vacuum tube; Navy Type 38233, Commercial fype RKJJ. 

6. The Type 11130-B direction finder consists of a shielded rotatable 
loop antenna mounted on 6 cabinet type base comprieing·bearinge and indicators 
.for the mechanical operation of the unit together with suit~ble switches, 
coupling devices &o.d circuits for tll of its electrical .f'unctionc. Tills unit 
includes a sepe.rable mounting plate to which it is normally a.ttacbed by means or 
four snap slides. '.lbe direction finder-receiver coupling cable is a low loss 
shielded transmission llne provided for connecting the direction finder output 
to the antenn.:. terminr..l of the receiver. The junction box provides n means fur 
feeding power to the direction finder from the receiver power supply. 

7, ihe only vacuum tube used in the Mbtle:t CXN direction finder adapter 
ls a. NE.vy Type 38-23.3, Commerciel Type RK33, It includes two independent heater 
type triodes in e. single envelope, one seGtion bein~ enployed to couple the 
loop, and tne other section to couple the sense antenna. to the antenna terminal 
of the radio receiver. 

8. The theory of operation or the equipment can be g!ven briefly by 
describing the action of the equipment on each of tll.('! four positions of the 
selector switch. The four positions are lettered R, T, D, Band on position R 
the direction finder is in the cir,cui t only inaemuch Ets the senee entennt:. ;i.a 
coupled to the receiver through one section of the RK-33 couplin~ tubo. In the 
R position only non-directional. reception is desired so the loop section of the 
tube ii; blocked by placing the 6 volt i'ilE.Jllent supply acrose its cathode resii:;tor 
R1, R6 with its negative to ground. The output netwo~k, consiBting 0£ R3, R4 
~d C5 1·emb.in:; in the circuit to rete.in the receiver trimmer adjustment. See 
Plb.te 1. 

9. The T pooition of the selector switch. unbloclcs the loop section and 
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FEE LE!JJIC. 

blocks the antennc section of the tube through S5, S7. ln addition, S6 
grounds the antenna. Eection tube grid. At this point the loop is tuned ~ 
me£:lls of the frequency band switch and v&riable condenser CJ.. 

10. 'lhe pickup with the selector switch ln the R position is non-
direction&l and can therefore be represented by a circle. The pickup in tJ)e 
T position as the loop is rotated through J60° is the figure of eight char&cter
istic of' all loops. T.ne zero pointf'> of the figure of eight comes when the 
plane of the loop is perpendicule.r to the peth of the oncoming wave. 

11. On the D position, the antenna and loop pickups are combined to form 
a cardloid which definitely establishes the bearing of the station being 
mea:,ured in a generd manner. The antenna pickup is limited by the phe.sing 
resistor to a valt;.e which i s the E;ame as that of the loop pickup so that one 
side of the cardioid phases out to a complete zero, while the other side adds 
up to twice tho value of the loop pickup or antenna. pickup alone. This 
condition is f'ully reelized only when conditions are ideal, but ordinarily 
they are approximated. closely enough to give a cardioid which establishes the 
general direction of the bearing being observed. Exceptions to the above will 
be noted under results of tests. 

12. The B position o.f the selector switch arranges the circuits to permit 
rec.ding minimum bearings. The B position resembles the T position but with one 
importe.nt difference. The bias ia lowered through the shorting out of R6, 
raising the sensitivity of the loop section to s. much higher Vl1lue. 

METHOD OF TF.ST 

14. The loss of sensitivity due to .the uae of the loop tuner and connecting 
cable between the direction finder nod the receiver £ntennn post was determined 
in two ways. The measurements were first made by using e Generw. Rudio Model 
LC-A Serial No • .2 struidard sigrutl gcnera.toz· as a voltage source o.nd determining 
the number of microvolts necessa.ry to produce~ 10 milliwatt receiver output 
with and without the loop t uner end connecting cable. Tblf\ was done lit vnrioua 
points in the band and the ratio of" input1: observed. The second method was ~o 
use a steady ~ignal from a broadcast station as the antenna input and me~suring 
the receiver output with and without the loop tuner in the circuit and observing 
the ratio of outputs. The selector switch of the loop tuner Wb.S in the R position 
so thllt the antenna. phasing resistor would be shorted out. All the foregaine 
measurements were made with an oscillnting receiver oper&ting on manual volume 
control. 

15. The equipment was set up in No. l Compass House and beerings were taken on 
stations thruout the frequency range. The ratio of cardioid maximum to cardioid minimum 
was determined by measuring receiver outputs on output meter 583-A, Eerial No. 72. 
Selectivity and range of the equipment were measured in E.. general way by taking 
benrings on stations where a nearby powerful station was tran5lllitting in ein 

adjoining channel and by taking ~earings on very weak stRtions. 

16. Toe equipment wa.s set up in the field near the compatss house end the 
effect of shielding the power lead was observed. The effect of a counterpoise 
was observed a.nd the reliability of sense indications was· checked under various 
conditions, The equipme.nt was taken to .20th Street and Al.abollln fivenue1 S.E. , 
and opere.ted v1ith both A.O. and .O.C. power supply. Reliability, rMge and 
selectivity were again observed. 

-3-
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17. The approximate sensitivity of the equipment when using the loop 
for the collector was caJ.culated since it wa.s impossible to apply a signal to 
the center of the loop w.ithout destroying the equipment. The ~ignal voltage ot 
the grid of the coupline tube necessary for standard out put we.s known from 
the tests descrihed in par. 14. The voltage at the grid may be calculated 
from the formull:.i 

e == HEQ 

where e = voltage at grid i n microvolt& 

H = effective height of collectors in meters 
E == field strength in microvolts per meter 
:Q = The "Q" or figure of merit of the input circuit 

The effective heie}lt may be calculated from the formula H = 2 AN 
A 

where A == area of the loop in square meters 
N = nrnnber of turns 
A== wavelength in meters 

The "Q" of the input circuit may be measured directly with a "Q" meter. 
Thus the value of E, t,be field strength in microvolts per meter, may be cal
culated. This value is of course the value for maximum pickup from the loop . 
To obtain a satisfactory minimum .for taking a bee.ring requires a field streogUl 
some 50 to 100 times the value as calculated by the above method. 

18. True bearing~ were obtained by drawing an azimuthal map centered 
on No. l Compass House and extending over a radius of about f our htmdred miles. 
The latltude and longitude of the stations ob~erved were taken from the Berne 
list. 

DATA RECORDED 

19. Data were recorded on tests and the informatlop is coniained in 
Tables 1 to 8 inclusive. 

fE()BABLE ERRORS 

20. Tests to determine loss of sensitivity of the receiver when the 
loop tuner is in the circuit are accurate to ±,.10% at the lower frequencies and 
±.15.t a.t the higher frequencies. The approximate sensitivity of the equipment 
usin~ ~~e loop as a collector is probably accurate to only ±,.50%. since this 
represents ti1e results of calculations and measurements which in themselves are 
not. highly accura ta. 

21. 'lhe bearings obtained can be read to ±.1/2 degree. This does not 
represent the accuracy of the be&ring but only the reading of the scal,e. 

22. True bearings w~re oaJ.aulated ana should be accurate to ±1/2 degree 
provided the l~titude ana longlt~dagtven by the Berne list is oorreot. 

RESULTS Of TEST 

23. - Stowage and mounting boxes (3), as requested by reference (c), 

-4-
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were made at the .,abora tory and one box wlth complete er1uipment is sho'l"l?l in 
Plute 2 . The w~ight l s sho,m in Table 1. 

24. Wor..un1;inship und muterlals used <U'e very good.. No failures occurr eu 
during the entire tent period . Bwitches are rugged and positive and the 
design throughout is liberal. 

25. for the fir s t tests made on the Motlel CXN-RAJ direction finder, 
the power supply used was A.G . The equipment w~s set up in No . l Compass House 
...nd bearin6s were tuken on stat ions in t.~e broadcust band. Tbe sense Indi
cations were positive and correct end the loop min.ina were sharp. However, a 
bearing on the TBK tra.nomi tter located on the radio balcony operc.ting on 3000 Kc 
showed a reversal of sense i ndic~tion fu'.ld consequently the bearings were 180° 
in error. When the CXN-RA,J was set up in the field near the Compess Bouse 
end still operated with A. C. but with n ~onsiderably longer power suppl y lead, 
the first tr ouble encountered with proper sense occurred in be&ri n6s taken on 
WPG, Atla."lti c City. )lJhen the equip:nent wtts set up tit 20th Street nml .&J.ubamt. 
Avenue, S.E, , and the 60 cycle1;; supplled by the trt.ak alternator, the sense 
indications began to show 180° reversnl in the case of WOR Nevmrk on 710 kc 
&.nd ,'ffiVA Richl:lond on lllO. A longer sense antenna (3 to 5 ft. had been usedj 
correctad the indication on WOR but failed on l'IBVA. After many trials it was 
decided that the sense would be reversed whenever the energy picked up by the 
power supply lead exceeded the energy picked up by the sense antenna. Length
ening the sense antenna corrected the error in some cases; adj ustment of phasing 
resistor helped in other cases . ~ielding the power supply lead helped to 
eli.Jni.-.iate t he 180° error as did also the use of a counterpoise beneath the 
equipment but in spite of all precautions some reversals of sense would occur 
when using AC power supply. Howeve'r', a long power supply lead made the equip!!lent 
susceptible to error and as the frequency increased the danger of error ~ecrune 
gren.ter. 'fue accuracy of the bilaterr..J.. bearings was not affected by the pickup 
of ener~ on the power leads but the sense a::nbiguity sometL~es caused an error 
of 1so0

• Weak stations were mora susceptible to error than strong nearby stations. 

26. .All the diff iculties in securing reliable sense indications dis-
appeared when the long power supply lead mi.s aliminated and a 6 volt storage 
b.at;tery with dynamotor substituted as a power supply. At the upper frequencies 
the sense indication occas!l.onnlly became indElflnite, but ~t no time was it 
distinctly reversed. ifu.atever sense indicatio.as were given by the equipment when 
using a stor age battery power supply were correct. 

27. '!he ratio of Clirdiold mwdmtrn to cardioid minimum w-as measured in 
terms of milliwatts out put at the above mentioned points. In all cases the 
receiver· was oscillating at 8uGh. a f;req1,1ency so that the beat note would be of 
a ve].ue suit able fQr mnximU!I\ r~ceiver otitput. Ill th~ b~oa<;lca.st bE:.nd the aardioi d 
mlnim1.,llil WQYld pha~e out; so \V~J.l that the ratio of m~um to mj,nimUlll in some 
o~se would exceod 100 t o 1 and no difficulty was encount ered ;in securing a 10 to 
1 ratio on ,my st~tion. Ae the frequency increased, the qardioid pattern beca.me 
d.is tort~cl and the raUo became lower. At the upper end of the b~d with s~ong 
steady ilgnals (TBK, Radi o Balcony) the maximum to mi ninnrn ratio would drop es 
low ~a 3 t o l. Vlhen upper frequency wQPk signals, ,p11rticularly keyed si8J'l&lS, 
whicll c~e f rom beyond the optical range were observed, the sense uidicatl.on 
oeceme so indefinite as to be practically useless. Under thes~ conditions t he 
l QOp ~intma were equall y indefinite. 

-5-
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28. Adjustment; of loop tuning v1as er l tical when trying ·to secure a 
good cardioid, but once the sense had been determined the accuracy of bearing 
W-<iS not affected by 1:1. misadjustment of the tuning. Too great. a misad,juetment 
of loop tuning would reduce the pickup to a point where no bearings could be 
taken. for obtaining the best pos.sible cardioid, it was necessary to adjust 
the phasing resistor for each bearing, but satisfactory and de.finite cardioid 
patterns could be obtained throughout the broadcast blmd without about three 
sett;ings of the phasing resistor. As the frequency of the observed bearing 
increases, the probability of a distorted cardioid becomes gre~ter and the 
adjustments becorce more critical. None of these m.isadjustments was found to 
ca\l.6e sense reversals or a shift in bee.ring when the equipment was operated 
from a battery power supply. One misadjuetlllent could C8.USe an apparent sense 
reversal, but it is euslly detected. li' the receiver gain were too high on a 
powerful signal, the receiver would give a fai~ signal at the cardioid minimum 
and block ~ntirely at the cardioid l!laximum, thus giving an apparent reversal of 
sense. 

29. In Table 3 are given the results of a large number of observations 
selected at rEUldom and they give a good picture of the results to be expected 
.:hen using the equipment as a portable direction finder. Numerous sources of 
error out of the equipment itself are to be considered, such as the error in 
establishing of a true north-south line fr01ll a sun benring, and possible 
distortion of the r~d.iatioo field due to neighboring objects, ~though this was 
avoide~ as much as possible. In all cases observed, the reciprocal bearing was 
within about 1 ° of the true bearing ±,180°. 

30. Hange of the equipment. is also given in Table 3, 11 nine-foot senf.e 
w:1tennn was used and it was possible to take benrings on an.y station in be 
broadcast band which could be heard well enough to identify. 

31. The selectivity was good enough to separate \rPG AUantic City 
operating on 1100 kc from WRVA H.ic:hmo.ad, which operates on lllO kc. No trouble 
was experienced in taking bearings on WCAO Baltilnore, which is 30 kc removed 
from WWu. local. 

32. Most bearings were taken with an oscillating receiver, but befil'ings 
could be taken on powerful broadcast stations with a non-oscillating receiver, 
provided the modulation was of a steady nature. Music was preferable to 
speaking. ln tbe high f'requency bands, only code stlltions were available and 
the oscll.lnting receiver was used at all times. 'l'he stations observed wero 
uoually keyed and, if the keying were rapid and steady, it was possible to adjust 
the equip:nent for re~sonably good bearings. 

33. In T&ble 4 are recorded seven readings made at various frequencies 
throughout the band on the TBK tranroitter, which was operating on ~~e radio 
balcony about four hundred yard::i dist.£i.nt, lt will be noted that the ra.tio o! 
cardioid maximum to cardioid roinimu:i tapers off very rapidly in the neighborhood 
of 5000 kc. The bearings ;:;.ppear to be innccurate and errut.ic, but in ell cases 
up to and including 6000 kc. the reciprocal bearinB is exacUy 180° opposlte from 
the true bearing and consequenUy toe imwcuracies are not an inbere.c~t defect 
of the CXN-RAJ direction finder • . ::lome of the error 1s due to center of' radiation 
ll.Ild some due to wired radio transmission along power lines. 

J4, 'l'he cper~tion of the 0-XN- h.AJ direction finder deteriorated ver-y 
r&oidly above 1500 kc. Above 2000 kc ti1e dependable range wan estimated to be 

-6-
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as low as 25 miles, &lthough bearings were taken on WMZ oper ating on 5985 kc 
at a distance of 249 miles. However, as soon as the frequency exceeded 2000 kc 
or the distl.nce exceeded 25 miles, toe cf..rdioid becfJ.tle indef L"li te, and the 
loop minima became broad a."ld alao shifted their position. All observations 
were made in daytime. No nignt observations were made. 

35. In the case of a nenrby powerful st.'.ltion such as WJHV locuted one 
mlle away, it lr-; possible to secure D. 180° reversal of sense by tuning fae 
receiver to the second hur:nonic nnd tuning the loop to the fundumental . 
However, such an obvious misadjustment is necessary to secure this condition 
that no trouble should be encounte~ed in actual practice. 

36. Observations on a plane i."l night shewed good results at 3475 kc,. 
but at 6600 the cardioid becMe unGel"tain. At 6600 the loop still g&ve a fairly 
distinct minima and in both cases it was necessary f'or the plane to be abreust o!' 
the direction finder and not ~bove. These observations were made on keyed 
signals which are inferior to a steady· note . 

37. Table 7 gives the approximate sensitivity of the equipment using 
the loop only as a collector. These val11es indicate a very satisfactory degree 
of sensitivity. Since these values are for the maximum position of the loop 
the field s trength required £or wing bearings ls some 50 times the values shown 
in the table. Should the noise level be too hieh to permit the use of the maximum 
gain of the receiver still greater values of field strength would be required. 

38. Due to the method of obtaining the sensitivity as described in par. 
17 tile probable error ml.Wt be taken into account when comparing these results 
with men.surelllents made on other equip:nents. 

39. The power consumption of the equipment is shown .in Table 8. 

CONCLUSIONS 

40. The Model CXN Direction .Finder is ruggedly constructed of good 
materials and shows good quality workmanship throughout. 

41. The circuit design is simple and straight.forward. 

42. With n battery power supply the bearings are reliable throughout 
the broadcast r&nge. At the higher frequencies where the radiation may not be 
coming from the tranSJUi tter in a direct path, the bearings are not as good, but 
when a definite senae indication is obtained, it is reliable. It is theoretically 
impossible to reverse sense by night effect, so the chance is small that a 
bearing with definite sense may be bad. Accuracy may at times be very low on 
broadcast even though the sense indication i.s reliable. 

43. With AC power supply t.he power lead acts as an antenna and destroys 
the sense whenever the pickup on toe power lead exceeds the pickup on the senr.e 
antenna. The bearings become less reliable as the length of the power lee.d or 
the frequency 0£ the received signal is inc1•eased. 'lbe use of' a counterpoise 
and shielded po\7er lend lessens the probability of sense error but does not 
remove it entirely. 

44. 
ttming. 

llo ohenge 0£ bearings could be observed due to change of the loop 
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45- Bearings could be ta.ken on broadcast stations with the receiver 
in either the oscillating or non-oscillating condition, but the oscillating 
condition was the better position £or taking a bearing. 

46. Good bee.rings could be taken on keyed CW signols wherever the 
keying was rapid enough and of sufficient duration to make the necessary 
&djustm.ents. 

47. ln cases where a steady carrier was ~vailab1e, the adjustments 
pertaining to Esensa could be made more accurately when an output meter was 
used instead of a pair of t.elephones. '!his is particularly true of the loop 
tuning 6.?ld phasing resistor adjustments. The actual bilaterlil accuracy of 
bearing once the sense ha.d been determined is as good with the telephones for 
indicators and it is posi:;ible to work. wit.b lower signal levels than it is 
with the output meter for an indicator. 

48. Two or three positions of the phasing resistor are sui'flcient 
for frequencies in the broadcast band, but for an ideal adjust.lllent neeessary 
for a true cardioid it is necessary to make separate adjustment at practically 
every frequency. 

49. Care in m.nking adjustments snd the uae of a proper length sense 
antenna will give e. cardioid whose ratio of maximum to minimum on any frequency 
in the broadcast band will be greater than 15 to l wid in some cases the 
mini'llum phases out so well that the ratio of maximlllll to minimum is greater 
than 100 to 1. 

50. The dependable range of the equipment on frequencies above the 
broadcast band is only as great as the optical p£.th, although at times i t 
is possible to take a beo.ring on 6000 kc transmission at a distance of 250 miles. 

51. Bearings could be taken on a plane in flight as long as a line 
drawn from the Direction Finder to the plane does not make too lE:rge an angle 
with a horizontal plane. This an&}.e is estimated roughly to be about 30°. 

52, No me::ins has been provided in the Model CXN-RAJ circuit for 
balancing for sharp bilateral minima. However, it is possible, by plncing ·the 
hand on the loop shield and sliding it along, to find a balance pointresulting 
in a very sharp minimum at times. The equipment has a distincUy lower order 
of precision than the Model DP direction finder. 

-8-
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-TABLI:: 1 

MODEL CXN DlfU::CTlOt. 1''I.ND.l:R ADAP'rER 

Weights and Dimensions {Overallj 

Direction finder adapter 5-.3/8 11 x 5-3/ 4" x 7-1/ 4" 
(without loop) 

Loop diameter, inside 8- 5/811 , outside 11-3/4" 

Maxi.~um height overall 17-3/4" 

Coupling cable, 24 .. long, 3/811 diam.eter 

J unction box 5-1/8" x 4-1/8" x 1-7/8" 

2 P,mer cables, 6011
, 7/16" diameter 

l Vacuum tube, Nuvy Type 3823.3, Commcrci,.l. RK- 3.3 

ToW weight of adapter 

Weight of Model Rl>.J equipment 

Weight of cabinet 

Total 
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Weight 
(lbs. ) 

0 • .32 

0.5 

0.93 

9.25 

67.75 

52.00,.. 

129.00 pounds 



Frequency (kc) 

400 
800 

1200 
1aoo 
2600 
3750 
4940 
6750 

.F:re_g uen cy 

6.30 
950 

1060 
1310 
2910 
4150 
4375 
5140 
6060 

TABLE 2 

.MOD€!., CXN U.Lru:GT ION Fl.ND~t U-lU.iP~T 

Attenuation of antenna r.eception due to uoe of loop 
tuner and associated cable. 

A 
10 miLliwatts output 

Input to .i...'lput direct 
Loop Tuner to receiver 
(Microvol taj (Microvolts) 

0.97 0.73 
1.1 0.62 
1.7 0.82 
3.4 l.l 
J.6 0.82 

10.0 2.0 
6.0 1.05 
?.O 1.0 

B 

Receiver Output Receiver Output 
With Loop Tuner Without Loop Tuner 

(Milliwatts} (Milliwattsj 

7 10 
8 17 
6 12 

14 30 
4 JO 
2. 5 14 
5 25 
3 20 
5 25 

Ratio 

1.33 
1.78 
2.08 
3.09 
4.40 
5.0 
5. 7 
7.0 

Ratio 

1.43 
2.11 
2 .0 
2.14 
7 , 5 
5, 6 
5.0 
6.6 ,.o 

The inputs used were radiated broadcast signals and were ideoticnl for the 
condition~ with and without loop tuner but ~~e inputs vnried when different 
stations were tuned in. 
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TABLE;_ 

MODEL CXN DI.REC'fION Fl!'iDER. 

Bearings Taken at lfo. 1 Compass House 

True 
Frequency Bearing Distmice Error {Degrees) 

Station {kcs) {Degrees) (Miles) Trial 1 Trial 11 Trial Ill 

'iiflL 560 51.0 128 +7 -1 -2 
tlCAO 600 34.1 40 -5.l -3.l -9 
WMAL 630 359.0 5 -2. 5 +l -1 
ViEAF 660 53.6 228 +1.4 +3.4 +2.6 
WOR 710 48,2 206 -4,7 -3 .7 -7,2 
WJZ 760 47, l 182 +5.1 +5,l 
WTAR 780 161.2 142 -1.7 -1.2 
WTBO 800 307. 2 113 +l.8 +l.8 
V/ABC 860 44.1 209 +4.9 +4.4 +0.9 
WRC 950 357.0 7 0 -1 -1 
WBAL 1060 24.5 40 -2.5 -2.5 -3-5 
WPG llOO 70.8 149 +2.2 +5,2 +7 . 2 
WR.VA 1110 195.0 86 -1 -7 -2.5 
WCAU 1170 46.7 119 +0.8 +1. ,3 +l.3 
WFBR 1270 38,6 ·41 -7.6 -3.6 
WOL 1310 359.0 5 +6 +6 +4 
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Station 

WJSV 
N.AA 
VIOO 
WQEN 
'fiNEJ 
WEU 
\'lrAZ 

TABLB 4 

MODEL CXN DIRECTION FHDER HIGH FREQUENCY 
l:lEf.iUNGS TAKEN AT HO.l COiiPA5S HOU~E. 

Frequency True Bearing Distance Error (Degrees) 
(kcs) (Degrees) (Miles) Trial I Trial II Trial I U 

2920 278 l -10 -3 0 
4015 315 .3 -7 0 -4 
4752.5 68.4 222 +14.6 
5105 352. 5 6 +15 -34 +11 
5230 24 21 -H4 -51 
5270 48 180 -20 
5985 55. 6 249 +7 +12 +2 

Minim~ on above stations, with exception of WJSV and NAA, were so broad that 
the probable error of toe readin~s was estimated at i25°. Readings on HAA 
and w.r::,v were definite within t5. 

TABLE ,5 

~ODF.L W - RAJ DlRECTiON f.WD.ER 

Bearings taken on Model TBK transmitter on Radio Bal.cony with 
direction finder at No. l Compass Rouae. 

C§rd.i:,oi~. 
Frequency Cardioid Min. Bearing Reci:erocal Error 

2000 250/1 167 347 - 1 
3000 250/1 147 32,7 -21 
4000 100/1 156 .3.36 -12 
5000 20/1 153 3.3.3 - 15 
6000 3/1 162 342 -s 
7000 5/1 150 326 -18 
7500 8/1 142 323 - 26 

True bearing - 168° 
Distance - 400 yurds 

l.Hnil'ln on all the above re!::.dings could be rend within t3°. 
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TJ...BLf. 6 

MODEL CXN DIRECTION FINDER 

Accuracy of Setting 

rrnc - 950 kcs. WBJiJ.. - 1060 kcs. 'iii,:.AL - 630 kcs . 
Loop Loop Loop 
Setting Milliwatts Output Setting Milliw~tts Output ~etting Milliwatts Output 
Degrees AC Power bupply DC Degr:ees AC Pov,er Supply DC Deg:ees AC Power Supply DC 

260 42 42 280 50 5fl 280 1.1 42 
270 37 38 290 46 45 290 32 .34 
280 31 32 300 41 40 300 22 23 
290 22 23 .310 .33 33 310 13 13 
JOO 14 15 320 24 2.3 320 5 6 
31=:l 8 8 330 15 14 .330 1. 5 1.2 
320 4 4 340 8 8 .332 0.5 o.6 
330 0.4 0.4 .350 2,5 2. 5 3.34 0.3 0,4 

3.31 0.15 0.2 358 0,3 0. 25 .336 0.2 0.2 

C 332 0.1 0.1 359 0 . 2 0.15 
m 333 0.02 0.05 0 0.1 0,05 337 0,15 0,15 
0 334 o.oo 0.00 l 0 . 05 o.oo 
~ 335 0.01 0.02 2 0.04 0.02 340 0.4 o. ,. 
Cl) 336 o.os 0.08 3 0 ,05 0 .08 
Cl) 31.0 0. 5 0.5 10 l.C 1.0 350 3. 5 4 
:;; 350 ,~ 4 20 5 5 
pj 360 9 9 JO 12 12 360 10 10 

10 16 15 40 19 20 10 18 20 
20 24 23 50 28 28 20 28 32 
30 32 30 60 37 37 JO 36 ,41 
40 37 36 70 44 42 /,0 45 -48 . 
50 42 40 

15i.0 Reciproccl Beerfog 154° 182° P.eciproctl 182° 156° Rcciprocc..l 156. 5° 

The equipment ~ac not ~et up on a true North South lirie for the c,..bcvc rr.e1.·.surcn!ents. 



T.ABL£ 7 

SENSITlVITY O.P MOUL CXN-RAJ ECUIPMENT USING 
THE LOOP ONLY AS THE COLLECTOR. 

; 

Frequency kcs. 

500 
590 
700 

1050 
1450 
1570 
2750 
3000 
5000 
8000 

Dynrunotor alone 
Dynrunotor and Receiver 

Effective 
Height of Loop 

0.0089 Meters 
0.0105 
0.012/j, 
0.0187 
0.0258 
0.0279 
0.0490 
0.0532 
0.0890 
0.147 

POWER C0N&Util'TI0N 

D.C. 

fl,Jilmnotor, Receiver and D.f. Unit 

Volts 

6.2 
6.2 
6.2 

Rectifier alone 
Rectifier and Receiver 

110 Vol ts 1:.. C. 

Rectii'ier, Receiver and D.F. Unlt 

Q 

45 
4.3 
83 
86 
35 
59 
30 
40 
21 
15 

Aoperes 

,3 . 0 
8 . 0 
8 . 8 

Watts 

29 
6/i, 
69 
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Microvolts 
per iJeter 

2.5 
2.4 
1.1 
0.9 
2.2 

, 1.9 
2.4 
2.5 
3.3 
J . 7 

18.6 
49.6 
54,6 
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