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Survey of Technijues for Very High and Ultra High

Frequency Direotlion Finding

I. Authorization

This problem was authorized by the Bureau of Ships conf. lir.
Ser. No., 95 (928-1) of June 26, 1945 to NEL and iz designmated
as Bureau of ships problem D23-C, Priority B.

11. Introduction

The Laboratory was requested to investigate and report om

the general problem of whf and uhf direction finder technigjues
with specific commsnts ms to pertinent developments in radar,
counter-measurs, receiver design snd direction finder fields,
and possiule modification or sdaptation of existing equipment
in these flelds that might Ye useful im providing vhf and uhf
shipboard direction finding fecilities. In eddition, recom-
mendations were requested es to the type of research aad/or
development which should be pursued. A final report oa the
project was requested not later than August 15, 1943.

fhile the unusually broad scope of the problem makes it prect-
ically impossible to completely orysiallize all of its phases

at this time, in view of ihe many factors that must be based

on definite requirements of the Vice Chief of Naval Operations
and the Buresu of Ships, this report is submitted as an ad

interém report to be supplemented by more specific recommend-
ations after advice is received with respect to partioular details
of Lhe immediate and futurse desires of the Vice Chief of Naval
Operations and Bureaw of Ships.

111, Prob iu-S'eoE'

The subject problem speeifically covers the realm of very high
frequeney and ultra high frequency direction finding which if
literally interpreted would predicate directiom finding in the
range of 30-3000 megacycles,.

This directvion fimding program covers a tremendous frequency
range, and involves frequencies of such order as to reguire
consideration of two or possibly three different techmiques
for its solution.

A complete solutiom will probadly require informatiom as o

the different purposes for which direction finding in the sub-
Ject frequency bands eare required. Thus direction finding as
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4 countor-measure sgainst freguencies employed for communication
purposes mizht differ in its itoohniques from that whioh would
be employed as a counter-measure against rader transmissions.

IV. Utilizaticn of Counter-measurs
and sacar Jvevelopments

f.1 It &5 apparent, uvhat, in a L:isad sense, radar eguipment funelions
&g a direction finder with lizited frequency range, sinoe 1¢
actually locates refleoling sources of radio iransmissions. It
should be realized, however, that radar eguipments operate ore
satisfactorily (particulerly suriace search radar), when preferred
topside shipboard locations are employed. UGhen atiempiing to
utilize the directioa finder capabilitics of rader techniques,
similar preferred locations may of necessity be required. The
faot that such preferred topside locations sre becoming inoreas-
ingly scarcse requires no further comments but is worthy of com=-
sideration in the light of praoticeliuies.

4.2 Further pursuance of the directive of the subject problem,
consideration of the practicalities of utilizing radar, counter-
measure and other similar tecimiques and equipmenis indiocates
the following:

(a) Mechanicel gear employed in the comtrol of radar
antennas, repeat back of azimuth indications, etc.,
has been and is develoyed to the poial thati it would
be eatirely applicabla, with possible minor mod-
ifications, for use with the slower Lype of rotating
directional antenna regardless of ihe specific use
o whioh such antennsa aight be put.

(b) In the ultra high frejuency range, that is, above 300
megacycles, it would appear that the employment of
rotating antennas cifers the best possibility and the
least complications for providing apparatus with
directional receiving qualities. In this connection,
the Bureau is advigod that iln general the directionsl
characteristics that can be cbuained (with reflectior
tyge antenns) approsch opiical limitaticns and bear a
definite relationshipy to the freyusncy involved, regurd-
less of the specific type of antenna employed, i.e.,

e directiomal (beam) paittaern gemerally has a beam wsidth

in degrees (measuresd =i the 3 dU attenuation poinus)

that 1s approxiamtely equal Lo 9648 divided Ly the antenna
widsh in 1/2 wave lengths. In order to mere clearly indleate
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the limitztions exlistingz a result of this relatiocnship, enclosure
(1) 43 = plot of the entenna widths that would be necessary to
oblalin Leams of variocus widths up to 25° ror frejquenoy ranges
between 100 and 600 megacycles. From these dats it will be
aoted that an antonana with & meximus widih of 17 feet would pro-
duce a beam widih of spproximatsly 14° at 200 m facyeles und

for higher frejusncies viiher zwre narrow beams or more compact
anivennas could be realized.

V. licet promising Methods

The directive antenus cconsiderstions of 4.1(d) indicate that
someshere in the very high ifreguency spectirum, that is between
30 and 300 megacycles, & change 1n direction finder technigues
would be reguired, since st ithe lower very high frequencies
antenns sizes would become prohiviiive for beam widiths having
& usable accursoy.

For the lower very high frejuescies 1t might be possible Lo
employ loop types of antsnnas with more oconventional direction
finder technijues slthoupgh this propossl has certain control-
lable limitecions as indicated in par. 5.5(b).

At the higher very high frejuencies and the lower ultra high
Trequencles, where Uhe beam widuhLs of any directional antenna
of reasonabls size might be so excaessive as o preclude the
obtainment of the reguired directional sccuracy, eithsr lobe
switching techni ues or the employment of dual receivers and
lobe systems (to preclude switching) aight be satisfactiory
from an sccuracy siandpoini.

For uane hicher ultra hi frequencies, it would sppear entirely
p_uﬁfoﬂo obteln satisiaoLory narrow veam widths for direc-
tional beam reception by cmploying rotating refleovor type
antennas of reasonsble slize.

The communlcation or radsr & of transaissions shat might be
TovoTved T ths dTrestlon TIiTa, frequency bands in quessiom,

is of importance in the fellowing Wwo respects.

(a) Fleld strengths that would be involved. Tiose influence
“he "acouracy versus dietance” Ifactor of the equipments
and the required receiver sensitivity. 1I¢ would be logical
%o assume that communiceiion iLransmissions would be of
relastively low power with respeot to the peak powers
employed in radar transmissions, so that less scouracy
or shorter distances would be involved.
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(b) The Wave polarization of ihe Lransmissions that might be
employed. It is reasonaile Lo assume that most communication
transmissions would utilize vertiocal polarizatioms while,
with a few excepiions, practiscally all radar transmissions
would employ horisental polarizaiions. While directional
beam antennas can be built Lo receive either horizountally
or vertiocally polarized waves, no standard design has been
developed which permits recsption of both types of polari-
sation. This should not uLe interpreted zs indicating that
such a type of sntenna might nou e amenable to development,
tut such action would require an entire new development
whioh would of necessity involve considerable time and
experimentation. Accordinzly, ihe problem would be greatly
simplified if the specific type of polari:ation involved
were known. This question of polarization becomes of even
greater importance at the lower very high frequencies if the
employment of simple loop systems are comsidered, since such
dovices are heir to sxcessive malfunctiioning depending upon
the polarizetion and elevation sagle of ihe arriving waves.
Furthermore, the utilization of direotion finding methods
other than those employing simple loops, would not ue a
complete solution of this provslem, since the technijues that
might be employed for completely horizontally polarized waves
would differ markedly from those that might be employed for
vertically polarized waves or weves with a horizomial compon-
ent,

m-nt of beam types of antennas for dire-tiom finder
purposes ifocuses attention upon obtainsble {rejuency band widths
over which such antenmnsas could Le made usable., Obviously, if
spot frejuency reception ocould be employed, ilhe solution of the
subject problem is relatively simple, since directi employment
could be made of standard radar receiving technigues with antennas
and receivers built for and adjusted to the desired frequencies.
Radar antennas in current gemeral use can be employed over =
range of approximately 5% of the frequency for which they are
built and adjusied. However, this figure may be approximately
doutled when such antennes ere used for receiving purposes otly,
since corona and power loss of transmitied power impose the =5L
transmission limitation; also, it is the consensus that the beam
width of the antenna (whea receiving) is not appreciably affected
by eoperation within & band width of $10% or poesibly even wider
limits. However, both of these factors should be ecxperimentally
cheokad.

Personnel dnalogﬂ- racar sysiems are oxiremely interested in

obta © wider lrejuency coveragse for these equipments, perticulsrly
for their directional anvennss; this work is belng prosecuted by

the lLaboratory under Bureau of Shi s provlem X4215. Hope is ex-
pressed of eventually developing -irectionmal antemnas that will

be oapable of opersting with a 2/1 frequency ratie (based on
transmitting limitations). If this is successfully reslized, it

is likely that ihe direciional antennas when used for reception
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oaly, may be capable of opsrating over an even wider freguency
ranges It should be pointed out, however, thal consummation

is not as yet within sight, despite the great imporitance and
pressure placed upon ithis work.

The two 140-8500 Me shioboard dirsetion fimder e,ulpments now

undergoing separate development Ly Federal lelephone snd kedio
and Radlio Corporation of imsrios offer promise of usable sysiess.

(a) The Federal Telephone and kadlo development comprises a &
monopole and cround plane (automatio) bearing indicating
system - ugin: conveniional cathode followers, and a motor
rotated goniometer. It is understood that the necossary
receiver cathode followers and ;oniometer ere in the early
stages of development .,

(b) The Radio Corporation of America development comprises &
Balanced K antenna sysiem with loue switching, sccomplished
by controlling the action of an adjacent E antenna reflect-
ing arrangement. Both E's are mounted and manually rotated
on the same beam. It 18 understood that the development
has proceeded to the polint whera the messured antenna patterns
show considerabls promise for this freguen.y range.

(e) Since both the Federal Telephone and Radio and the Kadio
Corporation of America collesctor systems are being apecially
developed for vertically polarized transmissions, it is to
bo expeucted that sven ugon successful completion of the
sysitemse for the wvertically polari:ed transmissione, the
vollector system will nov funciion satisfectorily for hor-
izonially polarized itransmissicas.

The above discussion is predi.ated on the assumption that

relatively ;0od accuracies of indicatiion are desired for any
shipboard direction finder ejuipmsnts that might bve considered
usasble. Should it eppear desirable for vertain specific counter-
measure purposes to install in vessels "so celled" directiom
finder equipmenis capable cf indicating more or less genmeral
directicne with a relustively low order of accuracy, the following
stop-zap ideas might be considered:

(a) A simple low accuracy direction finder may be obtained as
& shipboard adaptation of the lodel AKD ejuipments now
instelled in certain aircraft. @#hile this eguipment is
desipned fundementslly for the identification of the
existance of radar iransmiseions over a B80-3000 Me freguency
range, as installed in sircraft, its location is such that
the body of the plane froduces & shadow (minimum) in one
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speoilic direction, so that direc.tional indications may be
cbiained by orisntation of the plsne. It is possiule that
these equipments might be provided with soms form of ebsorp-
tlon or reflection devices that would permit their shipboard
use to indioceate general directions of transmissions within
thelr frequency range.

Certain work dons by the Laboratory also indiocates the possibility
of designing antennas with & possible 10/1 frequency coverage,

snd possessing broad directional charecteristies, usable for in-
cdicating directions with an accurscy of say, 40,

Yi. BReceivers Available

Heceiving equipment developments that might be useful in
connection with directional entennas to produce complete
cdirection findin; equipments within the uhf and vhf frequency
band, are discussed below.

Standard Shipboard neceivers

The Tollowing equipments ere repidly neering completion &s
development models of Havy sStandard shipboard receiving
oequipmentis:

(1) Model CXED 20-100 Mo .
(2) Hodel CXBE 100-200 Mo.
(3} Model RCH 200-400 Me.

These oquipments, when completed, will complement the K:A, RBB
and REC equipments to give & complete line of standard receiving
equipments covering a continuous frejuency band from 15 ke. to
400 me.

Countormeasure shiphoard receivere

The following are s e shipboard type convertor units, possessing
only & mixer and oscillator section to zenerste & suitvable inmter-
mediate frequency that can Le accepted as the imput to standard
nevy shipboard receivers:

(1) Model CUO 46-208)
(2) Model CUO 46-208) 45-600 Meo.
(3) Model CUO 46-207)

reriinent Alrcraft Hecelvers

(1) 350-1900 Me. Strictly an experimental development. An early
model consiructed employs cavity tuning, posseases 2 siages
of preseloction and requires only single tuning comirol (for
steps greater than 200 Mo, taps need changing). ZExhibits
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sliding contact noises ( a possibility exists for insuleting
the plungers to minimize or eliminate Lhese contact noises).

(2) ARC  70-3000 Mo, lntercept Receiver. Has 3 plug in uniss,
condenser (Butterfly Systeam) tuning, employs an intermediate
frequency of 30 mes.

70-300 Mo {Band 1)
300-1000 e (Band II)
1000-3000 Mo (Band III)

(3) ARD B0=2000 mc. Intercept receiver. Has no preselection -
Antenna is adjusiable in length for tuning and frequenscy
determination.

1t is %o be noted that the (U0 convertors and the AKC and ARD
receivers are of consumated design; they sre essentislly simple
frequency convertors (no preselection) and were designed rather
hurriedly for immediate countermeasure use.

8.5 sarr o v Band keceivers
Two other standerd lines of equipmenis are, or will be, shortly
avalilable, both covering & very restricied freguency range.
These are the Army Type EC- ocovering 100-180 megacycles,
the Navy RCK, covering 115-15Z8 megsoycles, and ihe hallicrafter
SJ27H covering a 2/1 frequency range up to about 220 mc.

ViI. Reseiver Limltations

7.1 faregraph VI indicates that receivers of lNavy Suvandard quality
and with the required preseleciion could be outeinsd for frequencies
up %o 400 msgacyclss.

7.2 Design comsiderations would indicate some possibility of fitting
the 1 RCN deslgn of receiver wiil a new preselector portion
%0 cover the range of 400-800 magacycles provided that sufficient
sanpower and sufficiently high priorities were available. However,
it should be peointed out that {his would require exuiensive and new
devolopment work (including the probeble substitution of new tube
types) as well as a careful review of the priority sad wark load
if such a developmeni problem were assigned to the laboratory.

T2 The uppsr frequency limit for standard navy receivers employlng
one or more stages of preselection end uni-control in operation,
is approaching 400 mezsoycles, the top frequency at which ordin-
ary vacuum tubes and lumped circuits osn be used; a possible
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extension to 800 megacycles may be viewed as the extreme top.
Beyond this, speoial oircuits such as cavities, butterflies,
oi0., with special tubes mmust be employod. While a few such
recelvers sovering frequencies in excess of 600 megacycles
have been developec for specific laboratory applications, they
are, in gemeral, striotly laboratory equipments, being noisy
in operation when tuning, or heving multiple tuninz controls
or possessing no preselection to preclude manifold spurious
responses, oross modulation, stc.

T4 Ihe above receiver limitations indicate the desirability of
restrioting the frequency coversge of vhf or uhf direction
finder developments to such frequency bands as are of immediate

interest or at least adjudionte the coverage in progressive
prders of importance, o permit developmenis in art to

keep pace with cperational requirementae -+t is belioved that
at present a top frequency of 600 megadyoles might de sufficient
0 cope with all inown enemy transmissions.

ViIiI. Site Fsctors

8.1 The ultimate formance of direction finding equipment,
particularly n% the Irequencies involved in the subjeot
problem, depend largely on the installation problems and the

deleterious effects of the surroundiags immediately adjeacent
Lo the direction finder collector.

(a) An equipment capable of furnishing accurate directionsl
indiocations under local conditions cannot be considered
%t & shipborne direotion finder inasmuch as the praoti-
calities of installation are such as to preclude even
an epproach at idealized conditions. For this reason
it is important to bring to the Bureau's attentiom
the faot that it is expected that very and ultra high
frequency direotion finders when installed in naval
vessels will be heir to the same type of disturbing
influences as aro enocountered in the installation of
medium and more partioularly, high frequemoy direction
finding. Radar experience is indicating that all parts
of a vessel's superstructure introduce deleterious
influences, since such parts, because of their gecmetry,
are capable of reradiating irn varicus modes At many
different frequencies throughout the spectrum involved.

{(b) It is expected that antennas for very or ulira high
frequency direction finders will, of necessity, have
%o be mounted in a location clear of all other objeots,
In view of the extreme restrictions on such locations,
this introduces a re uirement for a series of compromises.
Indications are that it will probably not be possible
to obtain suitable locaticans for more than a relatively
few direction finder antennas. This in turn predicates
the necessity of employing such few antennas as may
be efficlently carried for operation in the most im~
portant frequency vands. At the same time 1t is de-
sirable to restrict the fregquency coverage of any one



oQuipment (including i:s antenna) as much as pos-
sitle. 1In fact, i% appears from the present state
of the ary, tha! such restrictions are mandatory.

(e) Aocordingly it would eppear evident that the ine
auguration of a comprehensive program for the de-
velopment of direotion finding equipments sovering
She Land 30-3000 megecycles in its entirety would
not in itself be advantageous in the furtherance of
the war effort in view of the limitation on the
aumder of antennas (and conseguently equipments)
that could be carried in naval vessels would restriot
the frejuency band coverage to & smsll portion of
the total spectrum connoted by the term “very and
uvitra high frequency.® Therefore a rore conservative
approach to Lhe eatire problsa would appear desirable.

IX. Indicsting Systems

8.1 No mention has been made in the fo:egoing of any indicator
systems. These are helieved to represent no partioular
engineering difficulty, since the variety of cathode ray
indicator developments as well as general knowledge of this
particular art are such as to permit the rapid design and
produstion of any particular type of indicator that might
be necessary for the specific equipment involved.

X. Conelusions

10.1 Speoial equi: : - : ' 4

- Tollowing cons s & sunmation present develcpments
in the radar, ocountermeasure, antenna and receiver fisld with
respect to their usefulness in the rapid develogment of very
sad ultra high frequency direction Tinder equipment.

(&) For frequencies between 20-80C mazacyoles and vertically
polarized transmissions direction ers employing
either oross loops and goniometers, or remotely
econtrolled rotating locps, appear to offer the best
solution. Such eguipment with continucus frequency
soverage has not been developsd but would appear to
lend itself wost advantagecusly to rapid development.

{v) For spot frequencies in the band between 80 and 200
megacycles the employment ol rotating direotive
antennas using radar developed pedestals, rotating
gear, repeat backs, ete, and lode switching or double
lobe reception (with differential indicators) would
appear to offer the best and wost rapid sclution.
Such devices are aot "on the shelf"™ but could, it is
believed, be develcoped rapidly dy utilizing known
techniques and eguipments,

- o -
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(e)

(d)

(o)

(£)

—.i

For narrow band operation Leiween 200800 me cles
&t delinite prede d irequencies (¥ s ar
radar equipment and technigques with relatively sisple
om?s in antenna fabricativn and receiver “front
ends" toc cover the specific frejuencies involved,
would appear to offer the best and most rapid solu~
tion for directiom finding.

For tion at frequencies above 600 me les,
re sts & fundamantal bottleneock, in } de=

velopment of sultable receivers, unless spot fre-

quency or narrow band operatlion is acceptable.

For wide frequency coveraze above about 100 mg.

and direction finding mcouracies of ¢ e order of

69, no immediate solution appears feasible although
there m.ght be hope of an immediate solution if
equipments covering a band width of #10: ars acceyt-
&ble. The Federal Telephons and kadio Company and
RLA work in this frequenoy band is not considered
sufficiently developed ati this time to be viewed

as immediately appiicadle.

For wide frequency cvoverape and very broad

ons of general direotion, such as Quadrant
indications, & repid solution might be obteined b,
the adaptation of such equipment as the Model ARD
or by employment of semi~directional antennas cover=-
ing a wide frequemcy vand, provided preselection is
not considered essentlal,

Specified Ferformance vs. Develo t Time
sf'sa. the ultimate service oponE;un of vhf and uhf direction

finding equipment is essentially a compromise of specified
rformance versus developmeni time, it is necessary to
carefully weigh the following faotors, in their order of

Juportance, zhen establishing en optisum program:

(a)

(v)

1he genersl ose for which direetion find
sired, 1.0., w r for operation on communioation
transmissions, redar or other special transmissions.

is

The exact froqucnp; bands iv is desired tc cover,

with sanotations as to vheir order of ilmportance.
ihile it is realized that cosmplete frequency coversge
would be extremely desirable, practicalicies indicate
that & 30 to 5000 megacycle voveragze for shipboard
direction [{inding equipment would not only require
developmental and production time Lhet would appear
exoessive, but would require such & nuaber of separate
ojuipnents a8 1o make the obtainmeni of suitable
locations for the antenoms difficult if not impossidle,
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(a) The order of moouracy that might be acceptable.
This 18 of consideravle importance with respect to
the speed with which equipment could be developed
end put in service and has a definite bearing on the
feasidlility of certain methods or technigues that
might be recoumended. Jbviously a reduced agouracy
inoreases the possibility of a simpler solution,
and its sarlier use by the operating forces afloat.

(@) The usefulness of spot frequancies or narrow band
operation (e.g. 2105 or %20 band widths) for speoi-
¢ applications,

(e) The wype of interception system that might be em=
ployed, e.e. whother the direction finder equipment
and operators will be expected to search the fre-
gqusncy band for enemy transaissions in addition to
obtaining their bearing, or whether they will be
required to guard certain frequencies and/or obtain
bsarings by directive. It is apparent that if search
operations are (o be included, consideravion will
have %o be given Lo methods incorporating some form
of panoramic search.

(f) The (minimum) acoeptable transmission time of the
eignal In each portion of Ghe Irequency spectrum,
since Lils vital factor governs the final method to
be employed, the ocomplexity of its development and
the time required for putting it into servies,

(g) The types of polarisation that might be expected
and wE.mr & transnissions will eminate from
iand-vorne, ship~-bomé, or air-orafi-borne @Pos-
8ibly all three) tranemitting sources. This ine
formation will essentially govern the type of col~-
lector system that will be necessary. For example,
the type of collestor system required for ground
wave iransmissions will be considerably simpler
from those required for asirerafi transmissions.

Xls Recommendations

11.1 In view of the tremendous scope oowered by the assigned vhe
and uhf direction finding problem, and the factual data sub-
mdtted herein, 4y is recommended itlmt;

(a) The Bureau's operational requirements and desires be
carefully weighed with respect to the time required
for consummeting the necessary new developments and
putting such egquipment in service.
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(v)

(e)

(4)

Specific inlerpretations bLe made of the more periinent

phases of the problem with due evalustion to the factors
listed in paragraph 10.2

Consideration be given to the immediate usefulness ol the
special equipments lisved in paragraph 10.l1, in view of their
feasibility of rapid development.

Emphasis be placed on the immediate initiation of those
direction finder development projects found psrtinemt in
paragraphs 11.1 (b) and (o).

(¢) Some consideration be given to the greater fruitfulness

generally associated with development programs dealing with
frequency bands that are extensions of ihose bands . «nich
suocessful designs have been consummated,
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