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In the book are presented the principles and the aethods of ;
radio traffic, are described the lifferent systeas of calio direction ;
finders, are givan the methods of the calculation of radis direction h
1
) finders and their antenna systems. Are examined the arcycs of radio g
direction finlers and special feature/peculiarity of installation, éi
1
k.

checking and use of radio direction finders under varied conditions.

The book is intended for the students of scheools of higher

education as textbook to the coucse of madio direction fliders, for
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students and radis> engineers as management/manual on desijn and
calculation of the different systems of radio directiomn Finders, and
also for the opecating personnel, which operates direction-finding

equipaent and of its realizing organization use.

The book will b useful for the vwide circle of the radio
specialists, connerted with that vhich wvas directed by ralio

rece ption.

page 3.

PREFACE.

Radi> direction tinders videly are used in air ani sarina
transport for tha solué.on of navigational problems {position finding
of movable objecc, flight towvard airport, motion to the ship, that
suffers calaaity, and so té'th): they are applied also for other
target/pacrposas (casearch on 'he questions of radiowvave propagation,

observation of space vehicles aad so forth).
\

\
Knova direction-finding methous continuously are iasprovaed,

increasinjly nore deeply are develop’processed the paths of an
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increase in the azcuracy and sensitivity, are found news
direction-finding methods, is improved theory, are expaaisd the
frequency band aal the field of application of direction finders. All
the enumerated questions are illuminated in periodic tachaical

literaturs: howevsr, until nov, are not systematized.

In the book is presented the general theory of licactionm
finding, sre givea the procedures of calculation of direction finder
and its cell/elements, are analyzed the errors of dirastis>n finding

and vay of their aliamination.

Tha authors hope that the proposed book will be useful not only
for persoms, occupied wvith Jdevelopasent and the use of liraction
finders, but alsn to the wide circle of the radio specialists vhose

activity is connezted with the directed radio receptioa.

The authors 2onsider it their debt to express d22p 3dpreciation
to Candidate of rschnical Sciences V. K. Mezin for wvritiajy §8.3-8.6
and the survey of the sanuscript, to Candidates of Technical Sciences
L. Sh, Natadze anl to V. N. Ivanov for a series of obsarvations and

indications, sade during the review of the book.

Page 4. ¥o typinj.
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Page 5.

Chapter 1.

PROBL ENS JDP RADID TRAFPIC.

Radi> traffic vas used for the first time and in essence vas
developed as seans of the marine, and then also air navijation, for
vhich the most iaportant guestion is the determination of the
position of moving object (ship, aircraft). For deterainiag the
positicn of any >f object, it is necessary to deterszin2 1pgles with
certain reference direction of straight lines t, that cdiavect this

object with the paints vhose coordinates are accurataly ksown.

POOTNOTE ¢ since the surface of terrestial globe plans, precisely to
say about the geszietic lines, vhich connect the given polats with

this surface. For greater detail, see chapter 2. BNDFIITIOTE.

If in pnint x is located the object whose position is

Jopny Sy
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determinel, and tie coordinates of point A are known, then direction
from point x into point A, deterained by angle « betwveen the
divect/straight, conascting point x eand A (Pig. by t.1), and certain
reference directions, he is called bearing. As the refareace

direction froa vhich are counted off ail angles, is accepted usually

the direction of true (geographical) meridian at the partlculat

point. In that case bearing he is called true.

Por deteraining the position of any of object, it i3 necessary
to deternine froa the point of the position of object x the bearings
of two points A and B, for example a and B (see Fig. 1.1, After
finding these bearings, construct on map/chart straight lines AP ani
BD, forming at points A and B with direction north - south angles «a'

= a ~ 180° anl p* = B ¢+ 180° respactively.

Page 6.

Intersection of taie straight lines AP and BD gives direct position of
point x., The diractions, detetained by angles «! and 8', they are

called reciprocal bearings.

Bearings caa be deterained by visual aad optical setaods. These

methods have tvo sssential deficiency/lacks: the small range, limited

by line-of-sight ranges, and the impossidility of their use under
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conditions of pooc visibility, i.e., vhen the precisiosn 1a2termination

of the position of moving object aost of all is necessary.

[t is nataral that for this purpose vere nsed the instruments,
deteraining bearings by the means of radio, the radio 1icection
finders, possessiig the considerably larger range and the possibility

of vork in fog and under other conditions of poor visinility.

The yearing, detecrmined with the aid of radio egjuipsant, he is
called ralio bsaring. The process of deteraining the radis bearing he
is called radjo traffic, and the branch of radio engianaz2cing, which
studies all questions, connected vith radio traffic, by radio

direction finding.

In the precaling/previous example it vas assumel that the
determination of lirections a« and P is conducted on the soving object
itself. This =ata>d 5f the direction finding wvhen direction finder is

located 23 ship or aircraft, he is called its own direction finding.

fith dirscti>n finding it is possible to utilite a transmission
of any radio station whose position is accurately kanowa. Por the
purpose of tha provision for a possibility of directiod €inding at
any time on the earth/ground, are establish/installed the special

transaitting radi> stations, called the nondirectional rilio beacons.

PRI TP oar oo Jb 1 (LT RSO T PR
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Besides the lescribed method is applied still andothsr method of

direction finding, which Jies in the fact that with the 23id of the

direction finders,

arrange/located on the earth/grouad, re

deternined the anjles «' and p*, vhich are reciprocal bearings:

-

e

« - 18003 Be = B + 180°.

P2

-

-

-*"“W"""‘"‘"”"mmm /e ! § i __‘,.“' O g ET
. . rid . -4 . R

IRl ik L

Lrene !

Pig. 11, Determinatioa of position froa two bearings.

BY D o 2= SRR
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This method de is called strangae direction finding. Por the

[RPYVY TR

R Ty A B ]

possibility of its application/use, it is necessary aan sircraft (or
ship)

oy

to have th2 radio-transsitter station for the cal}l of

terrestrial raiis dicectiou finding station and then for

W g

eaission/radiatinn during direction finding. The obtaiiel bearings

terrestrial statisn radioed aboard aircraft or ship.

s el b e
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A main deficiency/lack in this method lies in the fact that the
ssrvices >f dicection-finding station at the given instant can use
only one object, while the nondirectional radio beacon caa be
oriented by vhich conveniently nuaper of aircraft or ships, equipped

vith direction fiadets.

The advantaje 5f the method of strange direction finding
consists in the fact that it can use the ships and aicccaft, which 4o
not have special aguipment (radio direction finder), but equipped

only vith the normal receiveting-transait radio station.

Besiles the leterminmation of twvo directions for ia2tarminming
position in navigation, has value and definition of >na lirection
along which must follov the aircraft or ship. This target/purpose
serve, first of all, compass, also, at ssall distances - the
so-Called double beacons. Here also vwith large succass cian be used

radio dirsction finder.

In some special cases the role of radio direction finder can be
especially iaportant, for example, the directionm of saip in aid to
other, sijnalliny of calasity. If the location of the latter is knovn
insufficiently accurately, the only method to rapidly a:caieve it is
floating in the direction, indicated by direction finder. Large

conveniences direction finder represents also vhen conlucting of the

siicia i bl
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?l caravan of law courts by ice-breaker, etc.

‘;:, In the aic fleet the radio direction finders wiiely are applied
é(-' for the solution of the problems of air navigation, ia tas tcaffic
BN

é}. control ssrvice >€ the provision for aircraft guidance, for the
33 identificatios of aircraft in airport zome and in other -ises.
A

Ez Besides mavijation the radio direction finders finld 1 use in
£y

N

military science a3s means of deteramining the position of radio

stations and, tharefore, troop formwatiomns of eneay.

e vy g exy 1y

Page 8

Poxr this purpose, the direction finders widely and succassfully werte

applied even ia world war 1914-1918,

Pinally, raiio traffic is very essential method for tesearch on
a nuaber of the physical problems, connected with ralis 21agineering,
sainly ths guestions of the propagation of the electrosajanetic waves
of different range, in different tise of days and year, 2istribution

of atosospheric iischarges, etc.

The importaac application/use of radio direction finlers is

their use for deteraining the position of satellites anil 3pacec.aft.
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In last/latter decades vere developed the diverse newr
radio~navigation 3ystess: pulse, phase, frequency, ot:-. Desspite the
tact that some of these systess provide position finding with larger
accuracy than the radio direction finders, last/lattec =>apletely
retain thrir valus. Is explained this to the facts that the radio
direction finders possess a series of essentjial advaatajes. The radio
direction finder, establish/installed aboard the aircraft or ship,
can be used in any area, since do not rejuire amy speciai stations:
direction finding can be produced on the constantly odperating
broadcast or cossunications radio statjons. The equipsent, adjustable
aboard, is simple in operation and it is reliable. Durinj the use of
ground-based radi> dicection finders, not at all it is ragquired any
special equipaant aboard of moving object, besides the nocnal
receiving-transeitting station. The accuracy, providel with radio
direction finders, is sufficieot tor the solution of the majority of
navigational problems. Radio direction finder is the all-jurpose
instrument: it it is possible to utilize on large, medios and small
distamces, for example for the driving of aircraft on ths
predevermined course as booster agemt focr recovery to
landing/fitting, etc. The advantage of ridio direction fiiders is
also simpler, thaa in the majority of other radio-navigation systess,

the exchange of operating frejuencies, vhich raises interference
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shielding, it sakss it possible at each given torgquesmdsent to select
the frequency, least subjected to interfsrences. The vorkt of radio
direction finders is connected with short-tera easission/cadiation,

and therefore 1o0a2s not cause the excessive charging of ether/éster.

Page 9.

finally, another navigation aids cannot creplace radio direction
finders in fields aentioned above of their application/uss beaides
navigation (in military science, in scientific investigations, during
the deteraination 9f direction aboard the ship, signalling of

calanity).

In comparison vith the radar methods of deterainiaj the
position, the raiio direction finders possess considerably larger
range. It should be noted that goniometrical equipaent/lavices of
radars are based actually on the same principles, as ralio direction
finders. Hovever, as a result of the coordination >f actirn of
goniometrical squipment/devices with the remaining cell/elements of
radar station, these equipnrent/devices possess a series of specific
special feature/peculiarities. Therefore goniometrical

equipsent/devices of radar stations in this book are not examined.

Initially radio direction finders vere fulfilled in the range of
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aediua-fraquency wvaves froa that vhich is rotated by opecator by

antenna (framewvorc) and with the auditory reading of bearing on the

sinisus of audibility.

Subsequeatly of developseant, they vare i1irected toward
operator's relaass froa the rotation of antenra and the cepiacesent
of the auditory reading of bearing by reading along slacttomechanical
instruaent, alonjy cathode-ray tube, in digital sigsmal pansl. ¥Was
carried out research osn the reasons for tke errors of cadio direction
finders, vwere found the measures of their elisination. dWere developed
the sore effective antenna systess, ensuring large wvith accuracy ani
the sensitivity of radio traffic. Siamul*aneously was ifapcrved radio
reception techaijue - vere improved the indices of the focaing part
of radio lirectioa finder receptors (interference shielding,
sensitivity, the accuracy of installation and maintenance of

frequency, reliability, etc.).

In connectis>y wvith the common/general/total developsent of radio
engineering and the masterys/adoption of high and ultcahiza

frequenciess, was expanded the frejuency band of the vork of radio

direction finders. Coateamporary direction-finding installations wvork

in the range from the lowest to the highest frequencies.

As a result >f the made investigations and developaments, the

»
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direction finlars are at present sufficiently precision instruments.

Page 10.

Hovevar, the accuctacy of direction finder is caused by a wvhole series
of the factors, connected with it by itself and with tha »2ffect of
the surroundiang sbdject/subjects, and also with the conditioas of the
propagation of electrosagnetic vaves on the way froam transsitter to
direction finder. Therefore the indicated high degree of accuracy can
be provided oanly in that case when during the practical use of a
radio diraction flnder is given up clear report in the processes,
vhich occar in it, and in the different sffects, ezectal to these
processes. Thus, for the proper practical use of a radio lirection

finder 1s necessary serious acquaintance with the thaocy >f its work.
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Page 11,

Chapter 2.

PRINCIPLES AND NEBTHODS OP RADIO TRAPPIC.

2. 1. Blectrosagnetic field and its polarizatiosn.

It is known that electrosagnetic field is the totality of the

sutually connected electrical ané sagnetic fields.

Blectromagnet ic field of the radio vaves, emitteai by the
tranamitting anteana, is the field of the traveling wave: the phase
of field varies in proportion to to the path of the prapajation of

vave, and amplitule changes relatively wveakly.

Any saittsr creates the induction fields and emissioa/radiation.
At close distance froa eaitter (smaller than the vaveleajth) there
are mainly fields of electrostatic and electrosagneti: inluction. The

intensitys/strength of the first inversely proportional t> the cube of
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distance froam saitter; the intensity/strength of the sacond inversely

proportional to the square of distance. Radiation fiell is here

relatively weak.

With distance from the emitter of induction field, rapidly they
dectease at a distance, greater than two-three uuyeleagths. virtuvally
remains one radiation field alone vhose intensity/strength in free

space inversely propostional to the first degree of diistance of

emitter.

In the zone >f iaduction, in imsediate proximity of emitter,
betveen the strength of electrical and magnetic fiells is a phase
difference, close to 90°. With distance froa traassitter, this phase
difference 3ecreases, and im the zone of eaission/radiation daring

propagation im dislectric sediur (air) electrical and sagaetic fields

coincide in phase.

Page 12.

During the study of processes in radio direction finlers us
interests as radiation field when is orisnted the distaant radio
transaittsr, s5 also the field of the neacr zone vhen, for example, is
investigated effect on the direction finling of the aljacant (to by

antenna t> ths system of radio direction finder) setallic:
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ob ject/subjects.

At large 1istance from emitter (in the zone of c
esission/cadiation) tie vectors of the streangth of electrical and
nagnetic fields (8 and H) mutually perpsndicular aad pacpendicular to
Poynting®s vector (S), vwhich characterizes the direction of
propagatisn of elactroamagnetic enerqgy (Pig. 2.1). Duriaj free-space .
propagation constant-phase surfaces are the concentric spheres in E

center of vhich is located the emitter. This vave he is called

spherical.

At large distances from the transmitting antenns ths section of
constant-phase surface near observation point can be considered

plane, i.2., t> c)nsider vave as plane.

The structuce of field is distorted near the interfaces {for
example, the earth/ground and air), and also in the pressace of any

obstructions or sacondary eamitters: sountains, trees, antennas, etc.

The vectors >f the strength of electrical and sagnetic fields,
renaining mutually perpendicular, can have different iiceztion. Por
the characteristic of the sense of the vector of field, is introducel
the concept of pslarization. The polarization of electrdisagnetic

field he {8 called the orientation of the electric fiell of wvave
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relative to tha plane of propagation. The plane of propajation he is
called the plame, vhich contains directjon of propagation and

perpendicular to the earth's surface.
Can be observed the following foras of polarizatioa:
1. Norsal, or is vertical, the polarization, when the vector of

electric field lie/reats at the plane of propagition._rhls case is

depicted on Pij. 2.2, vhere zy is a vertical plane,

PR YRR
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z' Pig. 2.1. Butnal location of vectors of slectromagneti:z field.
" Fage 13. E

2. Abnoreal polarization vhen vector of electric field coaposes
certain angle vwith vertical earth referenced plane, which contains
direction of propagation. A special case of abnormal polarization is
borizontal polariration, vhen the vector of electric fiall is

horizontal, and tae vector of magnetic field is vertical.

The indicatal in p. 1 and 2 poiarizations they acre linear.
During anpy linear polarization electric field can be 3aco>sposed on

tvo fields ~ vertical and horizontal, cophasal.

3. It betvesa vertical and horizontal compomeants of 2lectric }
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field is phase displacement, then is obtained resulting sliptically
polarized field. The terminuses of ths vector of directivity of field
during the periol of high frequency describe ellipse. rh» rotation of
the vector of fiasld in tise is realized unmevenly. Dicrection of
rotation depends on a phase difference the vertical aai harizontal
components of ely>tric field. A special case of elliptical

polarization is circular polaritation, vhen vertical aai worisgontal

coaponents are ejual to each other and a phase differenct is equal to
909,
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Pig. 2.2. Normal polarized electrosagnetic field.,

Page 14.

The strenjth of the electrical and sagnetic fields of plane
electromagnetic wave in the general case of alliptical pilarization
it is possible to express by the formulas:

E = (@ Eu - jO,E) cPPe I eorbemit=h), } e

= (—juHu 0, ) oo imr condeos =1
vhere 3, and 7; - the unit vectors, vhich characterize tha: lirection
of the lacge and sinor axes of the ellipse of the polarization of

electric intensity:

bl ik e b bl i ca vl
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Eu, Eo. Hy, H,~ value of the large and sesisinor axes of the ellipse

of the polarizatlia of electrical and sagnetic fields {(Pij. 2.3);

i
2
k|
i
E
i
]
;
3

® - wave auaber (m = 2»/) in free space);

r and ¥ - tha polar coordinates of the point in juastion,

relative to tha srigin of coordinates;
¢~ the phase in the beginning of coordinates;

8 - the angla of the direction of propagation of wave with

o B i Wittt 2 Dl ¢ 3AE bt A bt b bk dakaih e i s

initial reference line (azimsuth, bearing):

p - the angla of the slope of a froat of wave (rig. 2.%).

STV, oY

fof =

- (7)

3 . Caed nascxocmy (/)

1 " pacopecmpanenun “anpadaenuve : y
4 i 4 pocnt JCMPAHENUR

rig. 2.3. BRlliptically polarized slectric field.

Key: (1). Trace of propagation.
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Pig. 2.4. Adoptel designations of coordinates.

Key: (1). Direzti>n of propagation.

Page 1S.

RBlliptically polarized vave can be presonted as saa >f two

linearly polarizel waves: in the plane of propagatioa ([, HL) it

is perpendicular to it (E,, H.)

=y - s b, jp_—jmrcoxfcot#—8) o a
E:(nE,.-i—aI‘_Le Je'le , (2.2

'_—{.___ (——;I.‘Hle“. +;;[{") C”?—Im’ c08 Acns (.—OD' (:_)3)

vhere : is the unit vecCtor, vhich ljes at the plane of pcopagation

and perpendicular to direction of propagation;

: - the unit vector, perpendicular to the plane of ptopagation;

L., E,, H. H, — the corresponding components ot elestcical and

magnetic field;

o — phase lisplacesent between ths normsally anl) abaormally

b A I8 el o s oo 0 s st i
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polarized components,

The angls, composed by the direction of the tramsverse of the
polarization of electric field wvith the plane of propajation, he is

called the angle of polarization vy.

The component of electric field, vhich lies at th2 plane of
propagation C.. can be decosposed on two cosponents: vertical E; anl
horizontal [. in the plane of propagation. If 8 = 0, i.e., if
direction of propsgation coincides with X-axis, ve will >btain

folloving coaposnaits slong the axes of the coordinates:

vertical

E;=cos |/ (E cosY)' + (E. siny)* = £, cos

horizontal in 3icectiosn of propagation

E.==sin B/ (E cosy) 4 (E, sin Y)* = E, sin p;

horizontal, perpeadicular to direction of propagation

E,=""(Eysin {)*+ (E.cosY)' = E,L'
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Q 2.2. Principles of radio traffic.
:;m by
3
s
gf Examining axpressions for the strength of the fiell 5f plaae
ol . ', —x
fi‘ vave (2.2) and (2.3), we see that the semse of the vector of field - '_f}
N and the phase of the strength of field depemd on the amgls of arrival i :
?f of vave. the use 5[ these dependences makes it possible t> carry sut 1%;.
o

radio traffic.

Por letersining the sense of the vector of the fiellds, it is Y

P

possible to utilize an electrical or magnetic dipole, practical
fulfilleseat of which is the short vibrator or the framevork of ssall
size/dimensions. Revolving dipole, ve will obtain the saximum of enf
in it, vhan its axis coincides with the direction of the transverse
of the polarization of the strength of electrical or m1jaatic field
for electrical ani magnetic dipoles respectively. The ainimue Of enf
will be obtained, when the axis of dipole is parallel to the minor
axis of the ellipse of polarization. Hovaver, the direztisn of the
axes of the ellipse of polarization depends not only on direction of
propagation, but also on the angles of the slope of 1 froat of vave

and on the angle >f polarization.

Only if the angles of the slope of a front of vave 8 is equal to

zero either the angle of polarization y it is equal t> 0° or 909, {s
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possible error-free direction finding with the aid of 3ipsle. In the
first case (p = 0} the direction of propagation coincides with
perpendiculacr to the horizontal axis of the ellipse of polarization.
In the second cass (y = 0 or y = 90°) the direction of propagation
coincides vith parpendicular respectively to the vector of the

sagnetic or electric field of electromagnetic wvave.

Research >n radiovave propagation is led to the craslusion that
under specific conditions (for example, during the prtopagation of the
terrestrial vave sbove the vell conducting surface) is pro>vided by an
angle of polarization, close to 2¢ro. In this case, the vasctor of
electric intensity is vertical, the vectd>r of sagnetic intensity
horizontal and for direction finding can be used magnatic dipole,
i.e., the frasevack. Perpendicular to the axis of dipole with the
minimus of signal coincides with direction of propagatisa. An antenna
of this type finis wide application, especially on the asiium and
long waves with vhich the polarization in many instanzas is normal.
It is necesssary ¢> note that during appearance, on the strength of
the cocditions of propagation, abnormal polarizatiom tna 1irection
finding to the frcamework will be accompanied by the ercocrs wvhich are
called polarizational and in more detail they are exasianal in chapter

6e

Page 17.
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Stable polarization at an angle of 90° (y = 309, vhen electric
intensity is horizontal, is observed relatively racely. Only in thess

cases electrical horizontal dipole can be used for radio 1irection
finding.

The phagse of the streagth of field 3lso depends on parameters
enuseratel earliec (azimuth, the angle of the slope of a front of
vave, angle of polarizaticns)vhose separate deterainatiosn according
to observad data in a single point is impossible. The measuresent of
the phase at several points, vhich requires the applicatisn/use of
the diversity-cecaption antennas, makes it possible to cd>apose the

systes of equatisis whose solution gives the values of all indicated

parameters of electromagnetic field.

The numsber of parapeters and at the same time the nusber of
necessary measuraazents decreases, if ve determine the stcength of the
field of the determined polarigation, For this purpose, saasing
devices of radio lirection finders are designed for the

reception/procedace only of one of field components, usually vertical

coaponents of electric field.

The exceptisa/eliminatioa of the reception/proceduore of the

.
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second (horizontal) comsponent of electric field techni=ally
cosplicatedly and virtually entirely is not reached.'fhe
renanent/residual reception/procedure of the horizoatal :)npbnent of
electric field leads to the errors vhich are also called
polarizational. Jae should esphasize the difference in tha ~easons
for polarizational errors with direction finding with the aid of the
framevork and vith the aid of the spaced antennas: ia the first case
the polariinttonal errors are characteristic to operating principle,

in the second they are the consequence only of the imalejuacy of

fulfillaent.

In this chapter ve will consider the action only of vertical

cosponent of the electric field

E‘ _ E" ejte_jrm cne g con (0—.)' (24)

In many instances the propagation of vave froas transmitter has
the multiple-pronjed character: besides lirect wave ara propagated
the vaves, reflected from the different layers or hetecogeneity of
ionosphere or the troposphere, and also the wave, reflactsd from the
earth/ground, froa differemt return eaitters, vhich are located on

greater t> silt ssaller distance from directios finder ani, etc.

Page 18.




DOC = 77223201 PAGE 3% DX

The resulting intarference field is sum N of the coherent wvaves

E:i E"‘e/,,e-lw b cm"‘_.), (2.5)

Bach wave is chacacterized four by Liadependeat pacametecs (En vi P 0i)
and interference field as a vhole by 4 N parameters. Aaplitude and
the phase of fiell of one of the vaves can be accepted acditrary for
the comparisos with thes of other vaves. then it is rejaicei to
detersine &N-2 th3 unknovns of the parameter. Each antenaa provides
information ab>ut amplitude and the phase by induced in it eaf. are
possible only relative measuresents of amplitude and phasa» relative
to amplitude and phases of one of the antennas. Therefore, having n
of antennas, ve obtain 2(n - 1) the results of wmeasurement. Knowing
the locations of antennas, ve can be 2(n - 1) the equatioans, which
relate tha paramatecrs of waves vith amplitudes and phases of the
stresses in antennas. Bqualizing the number of unknowns t> the number

of equations, we 2btains
2(n—1)=4 N-=-2 (2.6)

oT

n=2N.

For the ssparate deterasination of the parameters of all inciient
vaves, the nusber of antennas sust be equal to the dsablel number of

vaves, This direction finder will ensure the error-free deteraination

o
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of direction and angle of incidence in each of the coaponant vaves,
Por the productisn of radio direction finder accoriiaj t> this
principle besides by the antenna of systsa froam the nscessary nusber
of antennis are raguited the very complex receiving and coamputers,
intended for the solution to the indicated squations. P>c this reason
up to nov, there is no radio direction finder, which in practice
realizes the givea operating principle. All the existing radio
direction finders according to operating princliple are la3signed for
the direction finding of one wave. Fhen on this "sinjla-wave" radio
direction finlar operates the composite field of several vaves,
appear the errors, called interference and exasine/consilared in

chapter 6.

Page 19.

In sinjle-vave radio direction finder the requirel riasber of
antennas is great3r than determined by foraula (2.6). This is
explained to the facts that vith the incidence of only vave the
anplitulde of the streagth of field and, therefore, aaplitude of enf
in antennas in all seasuring points are identical and the data on
them cannot be ausad. We obtain possibility to coaprise only (n - 1)
equations accordiag to the results of the relative seasursments of

phase. Thes nuaber of umknovns is egual to two (8 and 8). Herce it

follovs that for the direction finding of one wave (§F = 1, is
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required not less than three motionless antennas. The number of
asteanas of radis direction finder frequsntly exceeds ths theoretical
ainimum. Surplus anteanas sake it possible to simplify the techmical
fulfillment of ralio direction finder anl to isprove its indices:

sensitivity, iatescference shislding, iastrument/tool iccntacy, etc.

Sincy in tha process of dicrection finding is asually of interest
only azimuth of incident wave, it ie possible to search for the
method to decrease the requireéd number of antennas, excluling the
possibility of the determination of high~altitude anjle }. FConm
forsula (2.4) it is evident thet, accepting tbhe phase of field in one
of the antennas >f the egual to zero and revolving the sezond
antenna, it is possible to find this value of the angle & = (& = v/2
e 9)at vhich and the phase of field for the second antanay is turned
into zero indepeniently angle of the slope of a front of vave B. In
this case of the sufficiently tvo rotatable antennas for the
detersipnation of bearing; hovever, without the possibility of
determining the high-altitude angle. Direction finding actually is
reduced t> the dateraination of the direction of the lines of the
identical phases 2f the field perpendicularly to which is

arrange/located tcansajtter.

The 3ngla >f the slope of a front of wave under normsal

conditions is changed within not vide limits near 0. If v2 consider
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