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racic dirvction finder, developed by
CDfMJ?iLQtiQ Lezoratories of New York, under
Contract MXss-3033L wss tasted to dstermine the

o) ing principles and its suitability for
overing the frequency rangez 140 - €00
cnna arrays supported by and in front
for ﬂuuntlng 28 a quadrangle a-
outputs arec alternsiely switched,
a common receiver, the wvideo
switched through suitable ampli-
dlifbrnntﬂlllx uOPﬁgCE*d varianle resistive nets.ork,

- c;+nodv ray tube, Arreng r,ht is such that the output of
ach antenna appears as a flst topped "pip", the "pips" from the
iov antennas appearing similtanecusly. Bearings are obtained by

matching "pip" heights by an adjustment of the attenuator, its
alibration “eing in terms of anzular besaring. The eqipment be-
ing developmcntal, various changes and presumed improvements ere
i=Ge by the contractor during the progress of the test., The tests
indicated that the eguipment was sirictly laboratory material, not
echanically suitable either 2s a mamufacturing prototype or for
fiaval use in itsspresent form. Electrically, it was found to function
s inten’ed but to be subject to variable and difficult-to—control
1ﬂstrdm ntal errors as nloﬂ as fifteen degrees. The eqipment suc-—
essfully demonstrated the crinciple of operation, but whether =d8di-

-1onal developmental iiork cou 1' trenslate it into prototype equivment
suitable for Neval use, mizhit -C open to questione.
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na Latc stories of New Yor under
i dsveloped a radioc direc 1or find-
CIFF) covering the fregqueney range
ications were ottainad by ¢ cmparing
yi ¢ from iwo of four fixed antennas pos-
- an tlaLI} cosine hir"iEVLty through 180 degrees, mounted
S

in =2 “ﬁa}raﬂgl- around a shi:z! :st. The bearing indication is ob-
tainsd by the adjustment of a ¢ ‘erential attenuator in the receiver
out circuit to obtain egual outpul from the two antennas under
comnarisen, this attenuator bein: cal“rated in terms of azimuth.

The svstem is similar to the british Type FV-1 devﬂloﬁed during the
wsr, excepting that it has bLeen refined to include rapid automatic
switchinz of the antennas and a cathcde ray output presentation.

The operating principle demcnstrated by the CAFF equipment was later

employed in the so called PONY program, excepting that in this lather
system it is proposed to mount the four antennas.in strategic divorced
locations on the superstructure of the vessel instead of as an assembly
su-rounding a mast. The tssts coversd by this report were intenced

to determine the operating characteristics of the CXFF s ystem.

STATEY .NT OF PROBL.:M

2. The Naval Research La*ol. ory was reguested by Buships,
r.ferance 1, to tast the Yodel CXFF direction finder for its suit-
akilitv for vse in the h-waT Service. IZxtensive tasis hawe been
carricd out by this Laboratory at its Flue Pleins Site and at the

Feo -ral Telecomiunicetions Latc aborizs field location, Graat

Riv.r, Long ¥sland, New lcrk. Th: sguipment, particulary inits early

E =

5 was Ciffieult to tesgt “ecawse ol repeated mechanical and elegtri=
cal failur: s, causing much ﬁuwa" and skepticism on the part of hotl
Fsderal and NRL engincers as to the velidity of data, However, the data
submittod herewith, whilz not cornlste ip 511 details, is considered ac-
curate within normal .xperimental limits.

+ t]:-

PRINCIPLES OF OFPERATION

2 The CYXFF dirsction finder 1: desigmed to indicate the direc-
tion of a source of r-f energy in the 1L0 to 600 megacypie range.

The system uses four directional antemnas arranged at right angles
sc as to cover the complete azim th. Bearing indications are ob-—
tained by comparing the amplitudes of woltages induced in adjacent
antennas. Sense is automatically civen by the determination »f the
pair of antennas receiving energy.

lie The 360 degrees of azimuth are divided into four ssctors.
dach sector is subtended by the overlapping response patterns:of a
pair of adjacent antennas. The general function of the system is
to allow one antenna at a time to 2e

ss c¢hergy to the recziver. The

B
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Fer tekcs the cnerzy fro .eoch antenna as it receives it in
réer, and places its proper pesition zlon’ the time
35 which xs vasibl zontal trace on the cathode ray
icator screens The 25 ol the various ant4ﬂvﬁ

canthen “e conpar=d. energy fror any sntenna a
en hecause the Hﬁri:onu 1
acticns are automaticglly

5s By adjusting the cazins of the two dstector channels at thv
cutput of the rsceiver, the vel :ge amplitudes of any two aatenna,
roesoonses can be adjusted to : The gain controls are ganged
and fitted with a dial, from which nearingsare read.

Ge Plate 1 shous a simslaficd functional outline drawing of the
system. 83 indicates the elecetronic antenna switch, which successive-
1; svitches each antenna to the insut of the roceiver. 8y indicates
the detcuctor switching, which cormumtatos the detectors in synchronism
with 57. Sincé only two anten:as reccive energy at any one time from
any one signal, alternate ssctions of Bp may be connected to the same
detector.

Te The switching actions of 83 and Sp are accomplished electron-
ically, as described later. The switching voltages are developed by

a méchanical square wave generator,. alsc dascribed later in this Yeport.

QF Z0UIPYLNT

Sizes and Weights:

(88
-

The complete CEFF zouinrent consists of three basic units

Collector System (Tuacinding four 50 ft. calles) Weodght 92 1bs8s
Receivor/Indicator Unit (210 x 21n x 21%) nblv'* 128 Lbs.
Power Unit and Cables (218 x 19n x 12n) Hodeht 109 Lbhs.

The Golloctor System:

T The collector system
consists of a vertical dipol. metallic reflictor aporoxi-
mately three (3) feet squarc. vlenents which form the antenna it-
sc1f are connccted through btio coaxial cables, with a Z, of 25 omms
ezch, to a balance box attached te the rear of the sh;eld. The halance
box converts the balanced \cliﬁ“’ from the antenna to an unbalanced
voltaou suitable for fueding the input of the slectronic r<f switch.

four antennzs each of which

T = T A i s s 1 iy

183 +he radiation pesttern of 2ach antenns is intended to be 2
cosine response for 180 degrecs of szimuth, the shield being intonded
to provent pickup from the roeer, The shicld design is compact and

PRPCTRPEE N SHE S "
DECLASSIHIED C—



thus some back radiation will prokhstly be present up teo fri:cueneiss
; 1z, - Howaver, this e chld not interfer: with bearing

d 2tl n, gs the beek radistion, if small,would esgsily be dis—
tinsuishatle from the voltazes in the antennas which receive ensrgy
ATrec tly.

i1, The four antennas are designed to be mounted symmetrically
around the mast of a ship to form z square, each antenna shield being
at, right angies to its fheighbors.

The Reco elvgr/iqilcator Unit

12. The receiver is of the conventional super-hetercdyne design
gxcepting for the r-f section and the input circuits. The input
circuits comprisc four GL-LilLibA groundsé grid vscuum tubes, the
plates of which are connected in parallel across the first tuned
r-f circuit. The cathodes are resistive coupled to the four
antennas respoctively while the grids are cyeliczlly blocked by veolt-
ages from & square wave generator. These four tubes in combination
form the Electronic Antenna Switch. Thé plates of the switching tlbes
ead intc the input of an r-f amplifier, which uses a GL-LLER tube,
which in turn feeds a type GL-LL6A mixer tube. Double tuned circuifs
are used for both the input and cutput cireuits of the r-f amplifier,
rnaking four tuned circuits ahcad of the mixer. A type SL-LL&A tube
is used as a Lunoo grid/tuned platc first oscillator. All tsning is
by meons of ganged transmission 1ines, the six lines being circular in
shape so that the shorting bars may Ye attached to a2 tuning control
C_it.

13. After amplification and detection, the signal is fed to the
first i=f amplifier stagze which employs a type 9003 tube in a con-
ventional i-f amplifier. This is followed by twe more identiecal
i-f amplifier stages. The last i-f stage employs a type 6AGS tube.
The intermediate freguenc: is 15 megacycles, and the i-f band width
is one megacyele at the 3 db point,

1. The signal from the i-f amplifier is fed to two second diode
detcetor channels whose outputs feed separate cathode follower stages.
'he cathode load rosisters im the cathode-follower stages are potentio-
meters, ganged in such a manner as to decrease the voltage output of
one cathode follower stage while increasing the veltage output of the
other. This enablss the signals which are fed to the following ampli-
fier to be adjusted to the same voltage level, thus indicating bearing
on the attenuator dial. From this final amplifier stage the siznal
goes to the video amplificr, and then to the vertical deflecting plates
of the cathode-ray oscilloscope,

15. Square wave switching of the two detectors to the i<f ampli-
fier permits sach detector to conduct alternately as adjacent antennas

are connscted to the input of the receiver through the r-f electronic

———— e
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DECLASSIFIED

suitching previously deserihcd. I“_thiq manner, the cnergy from onc
detector eirenit a5 al ted through one attenuater section,
while the energy fro steeter eircuit is always conducted
tir uch the other attenuaior sentions The detectors are switched by
application of negative g to their plate eircuits. When

{ negative square W ied to the plate of the detector be-
ing blocked, a positive squarc vave is simultancously applied te the
cwrr'srvndln cathode. This :ps the d-c lsewvel in the cathode cir—
cuit, duc to the initial c¢lectron current, from changing and causing
audio sgquare waves to be guncroied because of the switching sctions
If the d-c level in the cathede circuit is maintained, by application
of the positive square wWave, no volta e change will oceur on the cathode
follower grid which follows the deteetor cathode, and hence the only
thing aifceting this grid is the signsl from the detector circuit.

'|l‘_‘ i
L

1¢&. In addition to the videc cirewit arrangement, the outpits from the
two detectors are conncctod in rarallel to an audic amplifier, cmoloy-
ing o type GAGT vecuum tube, the output cirewit of which is intended For
o;@r*t n into 600 ohm hoad telephone reczivers to permit auvral moni-
oring of the roceived signalse As there will always be a signel in

T l;ast one of the two antensa chapncls ond +“ﬁ-r r sp.ctive ¢ ctoctorss
ural reception is substontiolly ommidircctionals A1l the square wave
st-itehing voltazes are obtained frow a metor-driven commutsotor sssembly
contalned in the recciver cazinet. 4 varisble-spsed motor is employed
to drive this commutatsr and 2 ficld rhecstat on the panel permits the
switching rate to be varied from eprroximately 52 to 61 complete anten-
na cycles per second.

"J

Power Unit:
AL There are several poicr supplies incorporated within the Power
Unite One power supply is designed to deliver 2000 wolts d-¢ 2t 2 ms.

for operation of the ca “::;-ray tute. Two cther supplies are regulated
apply 300 volts d-c at 150 ma. One of these supplies 1is used to

supply the video amplifier chessis with power for the video section

and 110 velts a-c to the 2L volt d-c motor power supply in the scuarb
vave generator chessis. This 2l volt power supply consists of a 28 volt
transfermer supplying a2 bridge tyme sclenium rectifier.

185 The povier supply is ccontrolled by z switch on the front panel

of the recciver. Indication of opcration and ad:quate fusing are pro=-
vided.

POWER REQIIREMENTS

cquipment is desizned to cperate from a 115 volt, 60 cyele
single phase supply lind and rv:a;rzd aprroximately 110 watts at 94 percent
' for operation.

FTSLD OPSERVATIONS AT COYVTRACTOR'S LAFORLTORY

%) B The 12l tests condueted a2t Great River, Leng lsland, in-

R B i



dicated that the operation of the ecuipment (an early version of the
Serial #1 unit) was unsatisfactory in the following respectss

(a) The motor driving the mechenical square wave genera-
tor was overleaded and would not turn with suffi-
cient speed to keep the equipment in synchroni-
zation,

(b) The antenna switchins square wave used for syncroni-
zing the sweep circuit allowed locking—in on either ite
leading or trailing edge. This was later corrected by
differentiating the switching pulse.

(¢) The coupling between the gear mechanism, used in tuning,
d the brushes was not properly vinned to the shaft
resulting in a gradual slippage and ultimately in com—
plete misalignment of the receiver. This was partial-
1y repaired at Great River.

(d) The transmission line tuning circuit “rushes intro-
duced nolse due teo contact irregularitics and the
brush heclders caused back-lash in tuning. New *rushes

were szid to be in preparstion.

sail at Great River operated on C.W. or with

Sine waw modulation onli, resulting in apparently satis-
factory cathode ray tube Yearing display. The only Radar
signals heard were of the long duty cycle type and 4id
not show up the indicatorts_ability tc display short pulses
The ‘system ovuerloedct Lefore the minimum uSabke radi&é" é%
the indicator tuve 22¢ bssn reacihed,

23, The Laboratory. thereater, submitted suggested improvements

and corrective acticns teo the coniractor, that were considered desirable

before the equipment was submitted to the Laboratory for further tests.

FIZLD TESTS AT NRL

224 The Model CXFF (Serial ;1) received at NRL on Jamuary 2, 1945,
was essentially the same as had previcusly been obssrved at Grest River.
Few of the proposed improvements had been made in the gear. ixXtensive
field checks were conducted ot NRL between January and July 1945 under
the CXFF problem. These tests indicated that serval major mechanical
and electrical faults existed in the equipment. The follewing comments
cover those faults which should te carefully considered by the Bureau
of Ships in writing spscifications for future quadrant switching dir-
ection finders.

1

(a) The original set of tuning “rushes was still a part of

L
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(d)

DECLASSIFIED

the equipment, = P.T.L..aformed MRL that this condi-

tion would be rectificd. A factory representative was

to instell now TLrushes 2t NRL during the progress of

the tests. HuncVer, the Serial #1 gear was returneé after
testing (July 15, 1945) with the original set of tuning
brushes still installed, This fault, which caused erratic
sensitivitly and high tuning noise » considerably hampered
test work and gave thc equipment a poor showing at demon-
strations.

The commutator ac feor gsncratin? the Stuare wave did
£ g

ase
not prove satisfrectorys ame worn
(after 8 hours ruan.ng time) spa r}ing uu";;*;wd at the
£aps causing transient voltages that were at tincs larger
than the intended squarc wave. When this Sﬁarﬁdﬁq cocurred
on the brush from which the synchronizeticn voltege was

obtained, the cguipment locked-in on the wrong qaq“rgﬂt or
Jjumped from quaurhut to guadrant in a random manner. The
contrector sent 2 rovresentative to NRL to correct the
trouble but ne simslce sclution could be found. The con-
tractor (through !'v. Clark) indicated that &:v,rsl ulLCran“
ic and photo— l,e trenxe s¥stoms of switching had been tried
but that the nechenical \tthJ seemed to be fhc gin u‘t and
most reliable. The ¥RL enginsers are not in agreg me t with
this staterment.

The intersity, or rather the contrest between base line
znd pip int nor:s r vulses as seen on
the indicator serecn is comg 1etul unsatisfactory. In
developing the Model CIGA and Model DBM direction find-
ers, RRL found thal if intensity control is not used to
brighten the scoce trace curing a reccived pip, narrow
oanﬁ detected cuiput will provide better scope displays
than the broad “and video type of circuits used sHn the
Model CXFF. As an axample of the undesirable c haracter
of the indicator it is pointed out that on one occassion
radar transmissiocn originating within a rwile of the CXFF
could not be found by visual searchwith the indicator.
It was nscesszary to first tune in the signhals using the
earphones and only than could the faint treces of the pips
be scen on the cathods-ray tube.,

..
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411 r-f cable work was of poor qua ity. The Typc I con=-
nectors were not assembled according tf Naval specafica-’
tions resulting in poor grounding which caused unbalance,
leakage and 1nvur1_L\Lﬂ+ cperation. This type of trouble
is very dangerous from an operational point of vicw since
too often simple ohmic checks will not trace or even in-
dicate where the troulle is. &lthough no controlled

e
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polarization error checks were made, it seems that
double shielded antenna cables, such as RG/9-

would be justified to reduce stray pickup. A second
set of cables wers received in February 19L5. This
new set proved satisfactory for all tests run.

It should be pointed out that one of the advantares
of quadrant switching direction finding has been
largely lost in the CXFF. This supposed advantace
was that since no phase comparison was attempted
in this method of direction finding, the length of
cable was not important. This is true to some ex-
tent but it should be remembered that the mismatch
loss due to cavle termination varies between

Moax =

Mpin = 10 logig (S1/8p + 1)°2

Maxivum loss due to the cable mismatches

Minimum loss due to the cable mismatches

Mﬁin

B =8

ol ||

receiver end

S, =35t produced at the antenna end of
t

As the length of cable varies the loss fluctuates be-
tween M .. and M.4,. Tests indicated that Sy wemt

as high as 10 at 600 megacyéles and Sy at the same
frequeney was 3. Therefore, ax Would be 9 deecibels
and M ;. wuld De 1.k decibels., This is a Aifference
of 7.6 decibels, or a voltage ratio of 2.L to 1 which
could conceivably cause large bearing errors. Even if
the cables wers cut to thé close tolerance necessary to
eliminate this difficulty, the var:ation in 53 and B
for different antenna and receiver inputs would give
difficulties. A4s an example, the value of Sy for tlre
four receiver input (see Plate 21) varies enough to
cause a shift Irom 9 decibels for the M., down tq 8.6
decibels. Toboc sure this is only a voltage change of
5 percent tut this is a detectable difference in terms

‘ 7
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NECI ASSIEIEN

of resultant bearings.

The filament transforrer was under-de 51gnﬁ* caising
a complete breskdown of ¢guipment and much delay.
Th& padd the receiver's oscillater

T o

short. oube This eireudt AL

: tuned-lines was too small re-

The drive shaft for the
clastic torsion type of backlash.

sulting in an

The receiver tracking
cult to maks for Havy use.

ments were far too diffi-

Set screws througheut the eguipment are too small.
Pins should have een used in many casess

The r=f switch .51&? controls were inaccassable from
the outside of £ ealnet.

Component markin.s were absent in almost all cases-
Schematic diagrams were not complete, making the all-tco-
frequent servicing very dfficultbs

The vieltage <dividinz notworks associated with the cathode
ray tube were not well designed. Adjustment of intensity
and focus were cifficult to makec for mechanical and eleectri-
cal reasons. Lhe osotentiometer resistive elcments were
under—sized causing oveérheating which produced changes

in the veltagzes on the cathede ray tube resulting in drifts
in the image and ran:e of control. The complete supply

and control circuit hacd to be rebuilt during the tests.

The method of indicating v‘-ch guadrants are under com-

rison was gulie complicated from the operator's vigw

points The indicater 1“'P+a were not m&ll‘lﬂS-”llBﬂ
vhich csused fr'c;up+ turn-outs znd shorting of con-

necting Hirss,
2 cempiete panz
any repairs on

: pethod of assembly was such tha
-aakéomn'Was necessary to perform

Considerable difi

upits The aznur aav:l negative voltage circuit required
repeated repsirs.

et
3
3

The ecabling be 211 receliver and pover supply was more
complicated than Haval design should allow, If high
veltage lzads cause «Xtensive czbling complication,

[ TR TS .
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techniques such as those ussd on the Model DEF!'s
indicator would be meore desirable.

{g) The final antenna assem‘l’ Wthh wWas not received
until June, had sone te faulits. ®First, the
pass band was from avout cOO to 700 megacycles in-
stead of from 140 to 600 megacycles. A slight
scaling up of the entire antenna system should al-
low this difficulty to be remediéd-without seriously
affecting the patiern shapes. The second fault is
in the mechanical assembly. It was necessary to re-
pair several "cold" solder joints in the dipoles
and baluns. To make these repairs it was necessary
to drill holes in the polystyrine end plates so that
they could be removed. This procedurs destreyed the
waver-tight inteerity of the units and mde the re-
pair operation difficult, It is doubtful if the pre-
sent water—-tight design of the antennas is dssirablee.

3

23+ Because the many unsat*SI*ntcry featurcs of this Serial #
equipment precluded the conduct of any meaningful tests, this ¢ uip-
ment was returned to the contrector on 15 July 1945.

2k, The second cquipment, Serial j#2, was received by NRL on 13

Junc 1945 . Several improvements had been made over the Serial #1 eguip=-
ment, but many faults werce still vrescent. Hach of the points diseus~

sed under paragraph22 will be teken up undsr the same sub=paragrach
designations to show to what cxient the Serial #2 equipment was im-
proved over the Serial #1

(a) The tuning brushes used in the Serial #2 equipment
were far superior to the original ones. Some tuning
noise was still present but was not annoying. No
backlash caused by poor brush design was evident.

(b) The sguare wave gencrator was greatly altered in the
second equipment. Considerable simplification of the
commintator has .1cd to much more reliable mechanical
construction. However, the switching circuits failed
after ten hours operation.

(c) No metic a2lc improvement was made in the intensity con-
trol circuits to allow “etter display of Radar siznalse
Until such changes sre made the cquipment is of no value
to the Navy as an opcrational instrument.

(d) The set of r~f callcs received with the second equipment

werc assumbled accorcing to Naval spucifications and were
satisfactory for all tests run.

DECI ASSIEIED
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(1)

(k)

NFcCl Accipien

Th: proslim of mismstel les
and termination dl o

-\—lu.\—-.nt. L-..

cqul
cables running

7 1 and r-f switch
were diffsrent cnous s trouble a2t the high
end of th: band. ¢ iEprovarn e

2t th: switeh dn=

by croperly t
pibs There i3 no 4Gy ing resistively
terminated linas on 2 nuut if th: terminstion

is not made as good 25 possible. NRL experiencs has
shown that, with very little care, the terminstion

of the cables could hav: standing waw ratics as low
as 231l. The high of 10:1 found in the switch
input at 600 Mc is unacceptable,

Yo trouble was expsricncsed with the filament trans-—
former of the sccond model.

The padding adjustment in the receiverts oscillator
circuit gzve no troublc in the second equipment. How-
ever, no attempt Lias as yut been made to zlign or
adjust any of the controls in the transmission line
circeuits of the equipnent.

The backlash caused by overloasd of the drive shaft
was completely correctid in the Ssrial #2 eguipment.
The tuning is very si.coth and much mors acceptable
than in the originzl ecuipment.

Ne changes of any
cal Teeilitics for

were mede in the mecheoni-

it

Set serews haw ziwn no troutble in the Serial #2 cquip-
ment.

Facilitics hav: Luen pfciiaad for belancing th. r-f
suiteh without rimovinz the couipment from its erhin t.

There was no improverent in covwcnvrﬁ:marktng or
schematic drewincs fcr th. scoond squipment.

The voltage dividing a-tworks for the ecathoeds ray
tube failed after on: hundred hours of service,

The m.thod of indicating which guadrants are undsr
comparisen was greatly simplified in the sccond equip-
ment. The two "tlocks" of output. undsr measure~

ment are autometically displayed at tho center of the
cathoce ray scope. This isaccomplished by a swithing
arrangement similar to that used originally to con-
trol the quadrant indicating lights,
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(o) The poner supply gave no trouble during the tests
on the Serial #2 equipment.,

(p) UNo improvement had been made in the pover cabling
between the power supply and recciver.

(¢) The antenna assembly supplied with the Serial 2
equipment was identical to the final assemblies
supplied for the Serial #1 equipment. "Colan
solder joints are the nain e¢leéctrical fault in
the antennas. The use of soft soder for holding
mechanical mew crs *”et are uncer stress and vibra-

i
tion should neyver e zlloved:

’Th;le this second (Seriel #2) equipment : s
Naval egquipment, it did operate sufficiently wa

+

L = a
0 L conducted,

TERIS

. The antenne for Frequency CGoveraze, Patiern
hape and in connsction with the cierall instrumental error of the
equipment., No tests of Pick-up Fazctor or Efficisncy were nmade at
the time of these tests, but this will be done in connection wwith
. l

£

work being done on 1arga mumcer of different dircction

finders under Problem SLO,lm 2nd wlll be repertcd under this latter
problem.

el Prior to the conduct of detailcd tests of tie antenna, soot
checks vere made to assure thet . 333 antennas were electrically
similar. Thergafter tests vwere made on but one antenna, the other
three antennas being left PHQGWCﬂlly in position and elscirically
terminated to maintain them in their working status.

28, In making spot checks on the antenna system it was noted that
as a result of the four frames Leing “olted together in electrical
contact, circulating currcnts resulted that greatily distorted the
antounna pattern and produced scudous back lobes, This effect is

shown Iy Plate 1 in which the pattern of one entenns at 200 Mc both
with the reflectors in electricel contzact ond insulated are denicteds

As a ”csult of this discovery the four fram.s sere clecirico1lvy in-
sulated from sach other and 211 in this regort were o-teired under
this conhltlon.

29 ] Dl +Cq'2 +c 7 inc? 3105 hov: the antenna patierns for 150,

pectively. These patterns are con-
31oered uxrullu“t, ll gf thor approzcing the ideal circulsr shape

and possessing nezligislc minor 1u (s, However, as has been pointed
out, all these data were o:izined and are shpwn on 2 relative tesis
and give no incdication of the efficicney or Pick-up Factor of the
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aniennas.
30, While there is every roason to h:lieve that the Pick-up Factor

¥
of “he entennas is quite uniform dovn to a frequency of 250 Mc as
indicated by the Standing wav: ratios cbizined and shownly Plates
13 and 1l, these plates illusirate the fact that the antennas are
not of optimum design for the freouency range 140-600 Mc but rather
cover the range 250-700 Mce However, as this is practically the
same percentage coverage as tie 110-600 range, a redesign of the
sntennas in these particulars should not be too difficult,

RICEIVER CHARAGTERISTICS

31, The electrical characteristics of the receiver designed
anc. furnishéd as part of the CXFF equipments are shown by Plates
8 to 12 inclusive. These deta were actually taken on Serial #l
equipment although tests indicated that no substantial differcnce
cxisted in the charactouristics shown between Serisl #1 and #2
equipments. On sach of these platss, comparative data for the
respective performence charactcristics of the Navy Meodel RDO re-
ceiver are slso shown (as dotted curves). This comparison is

shown as a matter of pertinent intercst, in as much as this latter
recciver vwas the enly cguisnent svaileble in production at the tinme
that cover.d a comcarable frocuomey range. ALl data are for pwe
CW inpuis with an output of signel plus noise to noise rdtio of
twenty (20) decibels at the video circuit output. No audio fre-
quency characteristics were nersured.

Sensitivity

£ The rveceiver sunsititity Yoth as measured by the F.T.L.
engineers at their Laboratory and by the NRY.. s are shown on Plate
§. It will be noted that the respuctive measurements show good
acrecment as to variation with frequency but that the F.T.L. measure-
ments are about ten (10) decibels more favorable than those of NRL.
Tt is possible that at lesst six (6) decibels of this descrepancy
cauld be the result of diffcrences in the measurement techniques
employed by the respective laboratoriess The remaining four (L)
decibols is considered within the limits of accuracy that might be
expected for measurements such as those in questione

334 With respect to measurement techniques, it is the standard
and most meaningful practice to consicder receiver sensitivity in
terms of the voltage delivered by an antenna that will produce a
standard output under standard noise conditions. in practice this
voltage is delivered through the antenna impedance, which, at the
higher fraquencies is taken as fifty ohms. Accordingly, receiver
Sensitivity is dsfincd &s: the number of microvolts, in series with
the specified antenna impedence, required %0 procduce a2 20 decibel
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mencles prectically all
sen cireuitc € voltage

iy internal jmpedence. Higher
nsed in the messurements r

i

¥odel LAF By NRL) have an intemn ipedance of fifty ohms (simulating
the antenna impedance) and ar: ed in terms of the veltage ap-
pearing at the end of their le when terminated in fifty ohms.
Thus, their gttenuator rsadings are six (6) decibels below the true
driving voltage existing at the input to their internal impedances

and if employed directly will yicld values of received sensitivity

six (6) decibels too low or make the receiver appear more sensitive
than it really is. In the data shown on Plate 64t he NRL sensitivity
values have been corrected for this factor, but it is not known whether
the F.7.L. took similar action, which might account for at least six
(6) decibels difference in the sensitivity figures obtained by the twe
organizations.

3ite It will be noted from Flate 8 that the sensitivity is quite
uflzt" throughout the frequency range of the receiver but is somewhat
low (high in numerical value), probably resulting from the fact that
the input tubes are resistively coupled to the transmission lines.
Similarly. these measured values give no indication of the mechanical
suitebility of the design, sach 25 to whether the multiplicity of tuned
lined r—f circuits will remain quiet in cperation and "in track" over
any syprecickle period of time. This was commented on in paragragh

2l :

35. ¥t will also be noted that Plate 8 zives no indication

of the value of Standard Output ewployed inm the msasurement of scnsitivity.
This was omitted as being rather meaningless for a cathode ray tube pre-
sentaticn and of no couSeguence where the criterion of performance is
signal plus noises to neoise ratic and the cverall gain is sufficient.

The gain of the Model CXFF receiver was sufficient to result in approxi-
matcly one gquarter inch of Mgrass" from the noise and as 2 matter of
record, a a-c output of five volis from the detector was employed zs

a reference Standard Output level.

Selectivity
36a The pelectivity of the receiver is showm on Plate 9. While

this is the i-f selectivity only, & the frequencies in question the
r-f selectivity adds little, if any, to the over-azll selsctivity, so
that these data may be considered as representing the latter. This
selectivity is considered to be quite good, the Shape Factor (6/40 db)
being but 2.2 and the Acceptance Sclectivity shown by the Ynose" of
the curve being white regular with the ".¢lefi? being of minor ampli-
tude,



3 The Image Response is shown on Plate 10, %hile its aver-
ae valuec of forty (LO) decibels is not excuptional, it is con-
si“zred gnite gecod for reczivers in the frequency range in question,

anc adecuate.

¥oise Factor

38. Flate 11 is a power plet of the "roseM selectivity of the
receiver nsed in the measurswent and conputation of the Noise Factor
shich is shown on Plate 12. t will »e noted that this factor aver-
ages approximately 25 decibels, zs coupared to the "perfect" value
for matched wide band receivers of tlwee (3) decibels. This is not
considarcd gool and rasults (gt lezast in part) from the use of a-

periodic input circuits to the r-f tubes. The discrepancy between
the F.T.L. and the MRL ¥oise Factor data is a direct result of the
discrepancy in sensitivity measurenents shown on Plate 8 and com-
mented on aboves

Model RDO Receiwer Comparisons

3% The Sensitivity, Selectivity, Image Selectivity and Noise
Factor of the Model RDO receiver are shown on Platss 8, 9, 10 and

12 rsspectively in order to'permit direct comparison with the Model
CXFF receiver. The frequeney range 1L0 to 600 Mc that is covered

by the CIFF in one band requires two bands of the ¥odel RDO so that
its periormance curves all show a discontinuity at 300 Me. While the
perfermance comparisons are zenerally self explanatory, the following
general comrents are offered, The poor sensitivity of the Model RDO
in the high band is the result of the use of a crystal instcad of 2
vacuum tubke mixer in this hand. The poorer Selectivity of the RDOC

is the result of the employment of a 30 Me i-f frequency instead of
the 1t Mc fregqusncy used in the CXFF. The Shape Factor of the RDO
(2.3) is practically the same as the CXFF, indicating otherwise good
design. The poorer Image Selectivity of the RDO is the result of the
use of »ut two "b:tterfly" type tuped circuits procc'ihg the mixer
as compared with five tuned lines used in the CXFF.

40, Howe ver, these slectrical periormsrce comparisons should

not be accepted as being indicative of the relative quality or suit-
ability of the two receivers, in as ruuch as such data do not cover
the many intangible factors invelwed in gnality or the suitability of
ar esui ¢ ent for Naval use. In thi: connection, it is believed that
the CX receiver would reguire a compleste redesign before it could
be considered as being suitable for Naval use and there is no way

of even approximating what such a rcdesign would do to the over-zll
performance.
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EQUIPYCNT PERFORMANC

c¢f the eoguipment the availalility
person 2 Jicd net permit the messursment of over-all
ensitivity of the system, although, assuming normal efficicncy for
he antennas and Ybaluns", it is belicved that drectional indications
could be obtained on field intcnsities.down to approximately 100 micro-
volis per meter. This informaticn will be obtained and included in
a forthcoming report on Prohlem S1051R-C.

5 However, tests were made of the Instrumental Error in—

rent in the equipment and data on thesé errors are shown by Plates

5 to 20 inclusive for 150, 200, 300 40O, 500 and 600 Mc respectively.
It will bé noted that these errors run as high as fifteen (15) ce-
grees and, as might be expected from the principle of operation of the
system, are highest at the ninety degree points where the two adjacent
antennas whose outputs are under comparison are receiving the greatest
signal differential., Unfortunately, as indicated by the platcs, the
instrumental errors vary markedly with frequency, sc that the difficulty

cannot be corrected by any fixed adjustment in the system or of the
azimuth scale,

L3, An additional factor, not indicated by the plates invelves a
variation of the observed bearing with received signal intensity and/
or veriation of the gain control of the receiver. This condition in-
volves so many varisbles that it is irpossible to submit me-ningful
quantitative data in the premises, but bearing shifts as high as cight
degrees have men observed,

lilis In connection with the seneral subject of the Imstrumental
Errors indigenous to the system of directiocn finding exemplified by
the CXFF eaquipment, there are certain inherent features of the dssign
and operation that either procludée or make difficult the obtainment &
of negligible instrumental errors. Before dsscribing these features,
it is believed desirable to outline the basic principle of o eration
of the system.

L5, The four antennas are connected to the receiver input through
four grounded grid vacuum tubws, which are electronically switched (by
grid blocking methods) in a circularly manner. The signal from each
antenna is thus passed through the receiver progressively. The i-f
output of the receiver feeds two cathode followers through additional
elecironic switches synchronized with the antenna switches. To follow
the switching progression, consider the antennas as numbered 1 to U in-
clusive and the cathode followérs as A and B. The switching progression
would then be: 14, 2B, 24, 3B, 34, LB, LA, 1B, 1A ctc. The cathode
follower outputs connect te the ve rt;cel deflection plates of the cathede
ray indicator through a differentially connected variable voltage divider
calibrated in terms of bearings from zZero to ninety degreecs. With a
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9%

rumeuial error

tc bs zZero:

of the four antenna systenms
receiver input circuits
cquenciesi

(f) The electrical lenzth of the four lines connecting
the antennas bo the receiver must be identical ab 211
frequencies (assuming thst unity standing wave ratzo
‘carmnot be achieved for the system)s

(g) The four r-f input and the two cathode follower out
put tubes must be iaintained with identical gain at
all times.

L6 4 survey of the zbove list of factors affecting the inherent
instrmmental error of the CZFF cguipment as well as the stability of
these errvors will indicate th :oknssses of a system of this tﬂﬁu.

Yhile no attempt was made to e possible magnitude of
meximum errors chargable to ; hove factors, due to their
nambers and complexity, the cxistence of the instrumental errors shown
By Plst 25 15 to 20 inclusive indicates tledesign, meintenance and opera=
ting difficultics imdigencus to the CXFF systenms.

CONCLUSTONS

— i

L7 It is concluded:

(a) That the CXFF equirment (as exemplified by both Serials

#1 and #2) is not in its present form mechanically suit-
able for Naval use.

(b) That extensive m chanical redesign of the CXFF equip-
ment would hc necessary before it could be CUJsLderea
suitable for Naval use.

R %
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(¢) That the CXFF equinment in its present embodiment is
suitable as a means of demcnstrating that the ampli-
tude comparison method of direction finding, employ—
ing fixed antennas, can be made tc operate with
limitations as %o adccuracy and stability.

(d) That mcdification or redesign of certain of the
electrical featurees of the CXFF equipment would be
necessary vefore the Cq ipment could be considered
as being electrically suitesble for Navzl use.

(e} That there is considorable douh+ as to whether the
CXFF eouipnent or any cquipment smyloying similar
operating principles, could ever te made to operate
with extreme accuracy over an appreciablc range of
frequenecies without excessive design, installation,
maintenance and operoting difficultiss.

(f) That, in spite of the excessive instrumental srrors of
the CXFF equipment, it is possible that the flexibility
inherent in the design, that permits the antennas to
be mounted in ele ctr;callj strategic locations in a
Naval vessel, might so reduce the errcrs indigenous

to location as to make the instrumental errors accevt-
able.

(2) That amplitude matching types UHF and VHF diresction
finders, while, eliminating certain of the difficulties
experienced with phase matching types, are subject to
difficulties resulting from variations in standing wave
ratios on the lines, which can be equally toublesore.

REFERENC§§
1. BuShips 1ltr. 1034(925Db) of 3 Nov. Ll, to MRL.
2. NRL Ltr. C-$67/69(301B), €3L2-168/L5, 18 Oct.
1945, Radio-Daréction Finders, Model CXFF - MRL
Problem S926T-C, Interim Report on Test.,

Original data recorded in NRL Log Book 5909,
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