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B . AUTHORIZATION

Problem DE-& was authorized in Bureau of Eangireering

B jeiter S567/69 (4-3-W6) of 3 April 1935.

S . PURPOSE OF 18STS

Examipation and lest of RCA Victor vempany Model CXC
High Freduency bDirection Finder, verial Ho. &, (Receiver

B Type CRV-46-A4B) to deteramine the geueral suitability and

limitatione of this model direction finder for Naval use.

" 2. DESCRIPTION OF APPARATUS

; This equipment conszists of a receiver, 14-1/2" wide,
0 12-11/16" high and 3-1/2" aeep, with a loop collector, . hand
& wheel, and indicator mounted directly on top of the ruceiver,
£ the loop being enclossd in a circular aluminum casting 187
in diameter, the entire receivoer-loop assembly standing
59-1/4" high. A separate mstal box, 10" x 1g" x 18-3/4",
. contains a six volt lead cell & battury and 135 volts of

dry cell B batteries, with a 36" cable and multiple plug
for connection to the receiver.

The weight of the loop, drive and reeeiver as sembly is
. 53 pounds, and the battery box 89 pounds.

An extension is provided for the loop drive shaft, to-
. gether with a deck mounting flange and bearing unit. There
is a plug on the front panel for the single wire bzlancing

* antenna, but separate support for the antenna must be pro-

fl-Vided for the antenna when installad.

_ The receiver is a six tube unit employing sn autodyne
reircuit with an oscillating first detector, two stagas of

| 23 Ke i-f amplification, i-f oscillator, seccond detector,

& and a siangle audio stage, with an ulectrodthhlc&lly shielded
- output transformer, designed for use with head phones
having an impedance of 228000 ohms at 1000 cycles,

: The frequency range is £000 to 15,000 Kes, covered in
' five bands by means of a tap switch, the bands being as
. foliows, with ample overlap:

Band 19002675 ics
" 28754250
4350-6400 "

6490-26280 "
9680-156650 "

SR VR

Tuning 1s acgcomplished with a single dial, with a vernier
adjustment., Other controls on the panel consist of the
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L requency range tap switeh for positions 1 to &, volume
gontrol, regencration control, balancing condsnser, fila-
ment switch and switch for the CW oscillator. There is
also a moter for indicating filament and plate voltages, .
B Jack for the antenna plug, two phon¢ jacks, and socket
‘.I- fOF the b-':{{.-t;e'l':{' plilg,

The inpul circuit consists of a two turn untuned loop,
dn sorles with the primary of a coupling unit, the center
i of this inductance veing grounded. The balancing condenser
i has two sets of statbnary plates connected to either side

g of the loop terminals, with the antenna on the single set

. of rotary plates, by means of which quadrature currents

are introduced to balance the residuals in the loop. The
secondary of the coupling unit is tapped into five sections,
S permitting the sections. to be shorted out by the frequency
i band switch. This eircult is tuned and coupled dircctly

§ to the grid of the combination detector-oscillator, this
being the only eircuit with variasble tuning controlled from
the panel. The screen grid circuit of this tube has a
feed-back coil coupled to the grid coil to cause the tube
to oscillate, oscillations being controlled by a variable

| resistor to regulate the screen grid voltage.

The inner anode, or screen grid circuit is clectron
coupled to the plate or output circuit. By the combination
of the incoaming signal with the oscillation frequency, a
heterodyne beat note of £% Kes is produced, which is fed
to the 1-f coupler, consisting of a singlé coil shunted
by a trimmer condenser, which in turn is coupled to the
grid of the first i-r tube through ancther trimmer condznser.

Volume is controllied by regulation of the voltage on the
screen grids of the two i1-f tubes with a variable resistor.

Two stages of i-f amplification are followed by the i-f
detector, to which is coupled a separate i-f oscilliator
for use in CW reception. Ihis tube is controlled by a
toggle switch, mounted on the panel, which opens and closes
the plate circuit. The i-f detector is followed by one
stage of cudio frequeney amplification, a double szction
filter being contained in the plate circuit of the detector
tube ahead of the interstage transiformer. 7The output of
the audioc amplifier is fed into the output transformer
which is provided with an electrostatic shield betwesen
primary and secondary, the secondary being also slectro-
Statically balanced with respect to ground.

Tetrode tubes, commercial type '8, are ussd for the
combination detector-oscillator, the two stages of i-f
amplificution and the i-f detector; a triode coumercial
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type '8 for the audio amplifier.

In the first dest-octor condenser and grid lesk are used
for detecetion, while in the second detector bilased grid
detection 15 used. urid bias voltages ares obtained by the
use of resistors in the cathode leg:s of the i-f, second
dotector and audio stages. Plate voltagss are supplied
as required, by taps on the bank of B hatteries.

This eguipment has two pilot lights controlled by the
filament switch, one each to illuminste the receiver tuning
dial, ané the loop Indicator dial. ;

4. METHOD OF CONDUCTING TESTS

A model LC standard signal generator was used to supply
_test voltages for sensitivity and sclectivity measurements,
and a General Radio output meter type 483C, resistance
20,000 ohms to measure outputs. 4 General Radio signal
generator typ: 604B was uised to furnish signals for calibra-
tion and test of directional characteristics at close range.
Signals from fixed land stations were used for taking
bearings, principally NAA and WAR.

Signals from an airplane type XREl were used also for
taking bearings. This ship was equipped with a transmitter
Mlodel GHX.

For the purpose of this test, the following definitions
are applicable, and methods of procedurs are shown:

Standard output is 5 milliwatts, or 10 volts across 20000 ohms.
Sensitivity is shown as the voltage induced in the loop

antenna in microvolts to produce standard output, with

a gain adjustment for .5 volte noise. For this mcasurement
voltage from a standard signal generator was applied to

the terminals of a coupling coil, placed at a suitable
distance from the locp antenna, and the field intensity in
microvolts per meter at the loop antena was calculated. .The
effective height of the loop antenna was also calculated,

and from these two factors the induccd voltage was determined.

Selectivity iz shown as the ratio of input for standard
output, at percentages of frequency above or below resonant
frequency to the input for standard cutput at resonant
frequency. Ihis measurement wasg alsc obtainad by inducing
voltages in the loop anténna by means of a coupling coil

to which the signal generator voltage was applied.

The following tests were made:
(a) fensitivity, CY input.



(b) Selectivity, MCW input.

{p) Maxisum nolse level, CW oseillator on and off.

{d) Bearings takeon &t eight points through 360 degrees
using signale from signal generator at a distarce
of 100 feet from divection finder.

(e) Test for ainlpum shift due to detuning and
balancer, and chunge of position of balancing
antonna with respect to receiver-leop assembly.

(£) Bearings tsken on fixed land stations at various
dlstances, :

g) Bearings taken on plane transuission.

h) Test of detuniung due to balancesr.

i} Test for minimum displacement from 130°.

{J) Test for body effects.

RESULT OF TESTS

(a) bensitivity with CW input, and gain adjustment for
0.5 volts noise level, is shown on plates 1 to 3 inclusive.
_t*n order to cbtain the required noise level, it was necessary

to greatly reduce the gain, thus decreasing the sensitivity.

© (b) Selectivity with Cw input modulated 30% at 1000

. cycles, taken with the second osecillctor off, and full gain

| adjustment, is shown on plates 4 to 9 inclusive. Due to the
mbination detectoer-oscillator which heterodynes the incoming
Signal to produce a 23XC beat note, this may be accomplished
' by tuning either 2% Kes above or below the signal frequency
. and there ave therefore two resonance peaks in the

¢ selectivity curve 48 Kes apart, the image response being

. about equal tc the signal response. OUn plate 8, which is

¢ the curve taken at 2650 Kes, both peakxs arc shown, this

. Dbeing typical witn respect to the double peak feature, for

0 all sensitivity curves.

o

¢ (o) Maximum ncise level both with CW oscillator on and
iaoff,'is_shown on plates 10 to 12 inclusive.

& (d) With the signal generator placed at a distance of
¢ 100 Tect from the loop, bearings were taksn at eight points -
ﬁiwith the following reczults:



Irug Braving DF DF Reciprocal Devia-

Freg. Ke. sighead . =~ Bearing bearing ticn
5150 £1.56 26 200 ~-4,5
10800 1D : £6 206 -4,5
5150 61.56 63 245 -1.5
10500 €1.5 64 A5 ~£.5
G150 100 95 e'15 +5
10500 100 95 275 +5
6150 135 13g 010.5 +3
10800 185 1352 310.5 +3
6150 195.5 177 357 -1.5
10300 196. 86 177 387 -1.5
6150 HES 284.5 4.5 -1.5
10800 ) 224 £E4.5 44.5 1.5
6150 265 285 1056 22 )
10800 285 £35 105 0
6150 $39.5 543 162 -%3.5
10800 388.6 343 165 -%.5

During this test tho bearing of the balancing antenna was
placed on an approximate bearing ol 260° from the receiver-
loop assembly, suspended at a verticsl angle of 30° from
horizontal, length of antenna 19.5 foet. The deviation !
shown iz believed to be caused primavily by induction fields
bresent to whieh any loop collector is subject, due to
arrangement of the ocquipment, and other conditions existing
at the particular location used. On distant signals

~ further deviation may bz introduced oy the balancer due

. to the horizontal polarization of waves.

(e) with the signal gonerator placed at a distance of
£00 feet from the loop, the position of the balancing antenna
was changed with resvect to the receiver~-loop assembly,
to note any salf't in bearing due to such change, with
the following tabulated results:

' Frequency DF Balance  DF Reciprocul Balance Bearing of

dizl dial Ant.from Rec-
-eiver loop
2800 Ke 35 -15 275 0 450
a5 -10 BB - -8 90°
85 -5 275 =10 135°
94 -5 274 ~10 180°
95 -5 275 -10 2250
95 -5 o275 ~-12.5 £70°
95 L. 276 -5 2059
95 -15 276 o 360°
-5~
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The same antenna was used as in (d), placed at the same
B angle throughout test. This shows a maximum shift of one
B Gegree in bearing due to change in position of antenna.

Pest for shift in bearing due to change in balancer shows
the following tabulated results:

B Freauency Balspcer Approx.Minimup K&

§040 -28 5280

WAR -30 328°
~25 328°

9050 ) ~20 330° :

N&A ) =25 5 310°
) -0 210
9800 -5 94°

cig.gen. =10 949
-15 949

Bearings cannot be taken when signal is deluned, due to
i sharp tuning necessary to produce the Heterodyne beat
" note freguency of 23 Ke.

: (f) Using the same balancing antenna as in (d) and in

. all cases at an approximate bearing of 280°, the following
. results were obtained in taking bearings on fixed land

B stations.

Total Average Maximm iinimum 3

Frequency CEearings _Error Error Zrror Distance

4015 1 1.5 -1.5 -1.5 5 miles
5040 1 14.9 +28.0 +2.5 5 »
8040 e 18.5 +18.5 +18.5 8 .
8040 & 11.4 +11.5 +11 i
8410 < 10 +10 +10 5 s
8410 1 8 18 +8 8 8
3870 e 19.5 +£3.5 -15.5 5 ¥
12060 =6 17.3. -40 -& 5 "
12060 & 8.8 -14 C 8 a
12060 7 20.5 -25 ~3%.5 14 9
12060 £ 5.2 +6.5 -4 21 "
12615 16 9.1 ~318.8 +1 o "
12615 & £1.8 +el +21 8 s
13305 - 20.9 ., =R0.5 +20.5 21 "

Poor minima resultcd in taking bearings at a distance of

21 miles and at greater distances satisfactory minima could
not be obtained dues to attenuation of the ground wave.

Most of the bearings were taken on transmitters at the
5??%% Radic utation, Arlington SN&A)l;ndqtheqﬂy@y‘§tation
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There is @ complicated array of antennz at both of these
stations used with numerous transmittors on low, intermediate
and high frequencies, and discrep:incies were noted between
the bearings taken on a given staticn on closely related
frequencies. A shift in the center of radiation is believed
to be caused by this arrangement and must be taken Into
.account in considering the accuracy of the observed

bearings. The sane deviation table was also used at locat-

ions 8, 14 and 21 miles distant as at Bellovue, £ miles
distant.

(g) Bearings taken on signals irom a Naval plane type
XBE1, equipped with & model GHX transmitter show the follow-
ing results, .

On a straightway course from location ©vf direction

finder, 164° ¢

Frequency ££70 Kes.

ITime

1048.5
1049
1054
1056
1058
1100
1102
1105.5
1104.8
1108.
1108
1109.5
1110.5
1138
1113
1113.5

170
170
170

150
150
184
165
170
170
173
172
172
172
175

Bearineg Beelprocal
AR

-

<50

N

9
n
ekl

the following bearin
Altitude 1500 feet.

Error

=

Bs were noted,

Pistance Aemarks

Left turn 180°



Jrioa stralght away course from location of tirection
finder, 164° true, the following bearings were noted,
trequency 12405 Kes. Altitude 1500 feet.

limg Heardng  declprocal  Error Distance demnarks

1 335 180 -16 z

L2337 200 -358 1.0

1341 188 ~4 15

1345 188 18 - &4 i

1547 178 -11 &0

1349 175 ~11 o

13805 1.7 -11 3% Poor minima
1352 40 Over Potomac -

signals weak,.
1253 4 bignals faded
ot

18565 . 44 Signals in but
1o minima

13557 50 blgﬂils cut

1405.9 S Signals in but

L0 1inima
Signals out
Turned back
oignals in but

1o minima
Signals stronger

but no minima
Broad minimum

0N GO
el I 5
e
e e 1 b
| .|

*--
e
6%
[l
)

1425 150 -16 7.3
1430 180 S0 -18 =8,
1424 170 -8 2

1435.5 180 +4 20 3
1436.5 1€0 i 18.86
1440 162 #1 1z2.7
14490 LBE 26h -1 <
1447, 8 167 -2 6.8
1444 170 ~6 = 3

On a2 straight away course from location of ulraction finder,
184° ¢rue, the follow ‘ing bearings were noted. frequency 4135
Kes. ﬁlt;thde 1500 feet.

Tige Bearing Reciprocsl _Error Distance Renarks

1032 170 -8 12.6
1034 170 350 -8 16.2
1036.5 170 -8 £0.7
1042 17 -8 c0.8
1044 170 -8 24.8
1043 47 daking ecircle
over Potomac
1050.5 HEnaly

Mo -

=8 e Joid -2 47 fury poor min.

1

— i




1056

B 10056.5
B 1102
B 1104
B 1105.5
R 1112.5
P 1114
ilie

bt et o o b s
B 23 -3 )~ =3

4
B
i

i

i
T

170
1€Z
165
167
170
170
170

.

®
o en

P e

QDo

YD Q01 s 20
(o]

e i
F e e et ot et o
bd pd fd et el e

3+ s O O

s
B
g
e

S 1128

R1121
¥ 1110
L 115)
B 1151.5 170

A
e
'l

1=

OO D

- On a straight away course from location of girsz
che following bearings wore notad.

nder, 1649 true,
@ Altitude 1500 feet.

quency 4135 Kes.

wlde cirele
over Potomac
signale fading
bﬁle = o
Ainima
Siganls good
out no minima
tignals fading

o
=
b

40.3
=9.4
254
18.3

125

.

.
(o)

o I S 5, T o TG T

DO bed fost ps
Gi b+ 0 0

Iransmitter
trouble

48.8 dignals but no
minima

54 Mmoo on n

70 furned 180°
“ignals but no
minima

48 wouth bank Potomac

477 Very poor
minimum

fransnitter trouble
valanece of run.




On &3 1lar 1 " th a radius o yiles around
1 tion irection Tigder following bearings were note.
F iency 8 S 11 ¢1 tude W fee
Iime ©Begaving Irue Error Distance Remarks
1026 £10 174 36 10
1021 135 8 o8 10
1LO38 8o 450 DY 10
1041 75 25 50 10 Washington in line at Bearing
1044 49 247 58 O : " S "
1047 240 ola 244 10 Over Potomacd

On & straight away course froa location of direction
finder, the following bearings were noted: Freguency 8270.
Altitude 3000 feel.

1516.5 308 300 -1.5 9.5
lVJF VO¢ 300 -1.5 41.9
1520 S0 300 =5 45. 8
58 olgnals faded out
1600 c10 18 +9 5

(h) Test for detuning of sisnal due to shift of
balancer condenser showed the following results:

The halancer scale runs from O to S0 on

eithzr sgide of neutral position and on h
1810 Kcs no effect was observed in shirtiag
irom 0 to e0.
On 6440 Kes no effect was observed in shifting
from U to 30. At 60 signal was reducca 29. £%
and at 90 to zervo.

“ On 15500 Kcs at 30 signal wac reduced by 75.6%

and at 60 to zero.
With o suitsble antenna, tests showed this
bala:r@r to be chally used batween 0 and Z0.

gariungs on differont
at from 180° greater

(1) Throughout tests in taking be
eme
ing reciprocal bearings.

mothods of transaisision, no displac:
than one degree was observed in tak

(j) Throughout tests no body 2 t was noticed, the
o |

ffec
outiput transformer being slectros statically shielded
and balanced to ground. x

6. CONCLUSIOHD

The usable sensitivity of the receiver used in this
squipment 1c fairly good, after reducing the gain con-
siderably to roanh 8 matae Towel wf A E ata o i B

b ot 5 e e e ke A
.

cannot be obtulned in operating at a higher noise level

~10-




when adjusting for wminimum signal or a null point The
ctivity is wery high except for the image rosponse
1tensify oqual to the signal freguency resporite, these
peing saparated by 46 Kes. The operation of the
ecelver is very stable oxecept with respect to the band
change svilteh, Contacts would often fall to make and
%

the inability to dstect this faillure except by the absence
of signals gives the opsrator no warning that the receiver
is not Tunctioning. A more sturdy type of switch con-
struction is desirable. As a direction finder, the equip-
ment functions very satisfactorily vhen tdking bearings on
signals at close range, 100 feet being the distance for
first test, and excellent minima ars obtalnable, the
viation found being comparatively small.

As intended by the manulacturer this equipment, with a given
satisfactory operation at short range should give useful
results in taking bearings on signals whore the ground

wave predominates, with normally polarized waves.

Inasmuch as attonuation of the ground wave to a point

where signals are no louger of sufficient strength to
enable taking of bsarings is not coincident with the intro-
duction of horizontally polarized waves accuracy can only
be obtained to the degree that the latter factor is absent.

Results in taking bearings on fixed land stations at
various fresguencies up to 21 miles distant show an average
error of 13.1°9 for 85 bearings.

On plane traasmission on various frequencies up to 47

miles distant, where course of plane was parallel to line
of bearing, average error of 8.2° for 55 bearings. When
course of plane was at ri%ht angles to line of bearing, on
a frequency ol €270 hcs at a distance of 10 miles, average
error of €0.6Y for G bearings. These results are in agree-
ment with previous findings of this laboratory that the use
of a direction finder with loop collector on high -freq-
uencles will not give accuracy comparable with that ob-
tained when used on intermediate freguencies, ecxcept where
only the ground wave i: present.

It is, however, believed that a test made at this loecation

will in 2]l probability not give a full representation of

the limitations of the equipment when usod under Haval

Service conditions, such as at sea, or on shore in taking

bearings over water. :
o

ographical and other conditlons in this vicinity are such
to producs crratic distortions in the vave front and
stigations have shown that receiving conditions in this
ity ar: seriously arfected by dead spots and other
nces due to the irregular combinations of land and
“aver in tng patns or.transmission. 0 A S

£
T

Ty IR R Rl 2 X UL’ %




S .-.....w B et T TTTTTY

ﬁ’Cﬁ WC?'(.?R‘ MGD.E/_ c: OF [q’.{.//ﬁz? 7- LSARIRLIZ |

e - 4 e i

s ; __5£/v$/ TIVITH B
LT AW INbUT AR Saen duredr
e ‘_...._.Mgrjﬂ_vlé’cz?ﬁﬁ ?;ac;’czciar :?mu:a) i

! | i FEE i |
T _._.-__...,____Gxﬂm ,MJ FCLE HSEE] SR R SR | | f’
i i 1 1S58 40 167 14 SR & ' - |
i IR e e iR e e -
e B N L [k

“an -'w . - e AP VA o s - s ety




PROB. 02 -3

'.9.900' '

o
.Y_‘_a’! s

T

EFraRues iy

H

PLATE

&




=K




TYNEIS UINUNOSTY SITWNIL

PROB. D2 -3

/O

*/ Y
s

RE

i o { |
=
et m
: _
—— _ “
_ i
= FEEEE ..
——— e b £ iE48s
i - Lt f |
i35 : |
..... pr=
1

__/ %

d—g A

8 f

FREQUEN




-y
i

dErial 2|
_..1 > e 22 e -

QUIPMENT.

_";a;f?'f

E

e

—e

SELECT/IVITY. |

VicToRr

a

>

-t i ‘A.u_ﬂn._-‘}.quﬂ-ﬂﬂu_ﬂ




PROB. D2-3

*2

RES, */ Te

FREQUENCY

.;/7;

PLATE 6




syWIL

SERIAL B

g1
d5|

08 P2Z2-3

PLATE 7

PR
b

EAEd
5
+Z2

1

|

BRIENA T

|

=

BT

e

reviry |

Ll L= F

jj

TOR 1i740E). CXC]

1™ o
2l

SELE
e

1555 8

-
2

SRS e

"

-
+ATCA VL

x e
5=

raiE |




PROB. PZ-3

/

|
|
1
|
|

e e

Z

+

1

1‘/%

D R e Nt

RES.

D) ATE Q

FREQUENCY




aR .;«mdpfk;'q,xé

I

T

i

SERIAL 7

o

BE EQUILITEN

SELécTiviTY

|
-

¢
{
+
|

Hac ® t)

E—

S

Y- 0§72/;
2 SL#51]

i

1 it 1A Cr e b

B RITEIR

e
|
|

OX $L¥ST T
1 :

= g

{ +
i r Free
1 | | |
i 1 ! |
T  LTETE 1 i
| i e bl m |
_ Jit i _ |
mu 1 ey g _ e
i i 1k o i | ! ag
55 Yo (Fo p e 15008
.M e ek e il vl v e A o S
| 1 | } | i i I3
ks g e g g i Feeid
Rl 1 | SR 1
_ _ e
Ve il 1 e -
_ | | | M
| 47 i i facad =1 i
T |
_ |
1 { it
i it

FREQUENCY

r dada




PROB. DZ-3

e P A S A P AV AV S L]

{Hi i

4 1LERES TR RN 3 BI23800067 BEARaREE A Ll
EQUIPHENT  SERI

253

-..]...___. ._ll.__..__j.. __._:; kL

S i
[

o BN T wile § F LT ol §F Gl

~

s B T T
e i i 405 e e &

| m | | |

| 9| !

DL FRSF)

WW?FE'* - 481 & ______._?'_'_.;_,E__ T , i

i35

CHLRTOR On! |

SCitiATOR DEF |

3500

3100

m 3
. N ey 11880 |
Pt i .F_ ”r.. i &
p o e B AR i
N |
S T
iRl ki :

PLATE /0

FRE®. - KC.

72700

-




o e - ¥
s i ! »
! _ i ¥ 3 ”
! "
N ! iy
Q . S N
i i et Lo N
I ; 1 \ y
4 b IS St cadud 1REE L0 (e e e ! P |
i . 3
! t oo E |
| AT
i } |
+ i | |
! _ _ _
: m g | |
spigey i - e cenld | il 1 t |
| £ | |
W oaey e | I |
O W 3wl 1 el _
| .../. 1
TRy _

/3

!&.
£

l;
<
7

X
{'C
2

b '1-_. (5{.&,

e
.f_
! —
1

P e

e
¥

!

: Ha)

§ ok "dars
[

are

bEd

e 547
EREQ.- K€,

o5

AF
!F_ Fied

Mg
I
i

§ i

ViczoR

SRy i o R
r._,ﬁ. m. w

=

Hiil
.}__..'.\
i

B

}i




OIS

o .:'_) O

P
Z ¢

ACROSS

YT

e
i

a7

""-7‘4 3” f*"“tfjﬂ {:Wﬁ* o

.5‘7 IF 05}:!!.::,4",7'9,? ««-,-H- F -

r S ;._ ! _{ E5 1155 Reta paAghs! |
i

;

5
I [
o '|.

h.

10000 12000 /4000 T Ta 1;9{700-
EFREG. ~KAC.

W T T T S S



