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Page 1.

BASIS OP RADIO DIRECTMOS PIVDINC.

NI

1. S. Kukes. N. to. Starik.

Page Z.

In the book ire presented the principles and the methods of

radio traffic, are described the Siffereut systems of rilio direction

finders, are givam the methods of the calculation of radio direction

finders and their antenna systems. Are examined the arrcsc of radio

direction finlers and special feature/peculiarity of installation,

checking and use of radio direction finders under varied conditions. -W

The book is intended for the students of schools of higher

education as textbook to the coucso of ridio direction figders, for 4

ER•
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Sstudents and radi* engineers as management/aanual on design and
calculation of the different systems of radio directioa finders, and

also for the operating personnel, thicL operates direction-finding

equipment and of its rea1•iing organization use.

The book silL b'a useful for the wide circle of the radio

specialists, connet.ted with that which was directed by ratio

rece pt•ion.

Page 3.

P R F_ FR , F

Fadio direction tinders widely are used in air ani airina

transport for the solut. on of navigational problems (position finding

of movable object, flight toward airport, motion to the ship, that

suffers calamity, and so fo tb); they are applied also for other

target/purposes (research on "he questions of radiowave propagation,

observation of space vehicles a,d so forth).

Known direction-finding methods continuously arm improved,

increasingly nore deeply are develop,'processei the paths of an

_ _- , -
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increase in the &:curacy and sensitivity, are found ne.

direction-finding methods, is improved theory, are expaeled the

frequency bani aml the field of application of direction finders. All

the enumerated questions are illuminated in periodic tsckaical

literature; howevar, until now, are not systematized.

In the book is presented the general theory of lire:tion

finding, ire give2 the procedures of calculation of direction finder

and its cell/elements, are analyzed the errors of dira:tiin finding

and way of their alimination.

The authors 4ape that the proposed book will be useful not only

for persons, occupied with development and the use of liraction

finders, but alsn to the wide circle of the radio specialists whose

I activity is connected with the directed radio receptioo.

I The authors consider it their debt to express deep appreciation

to Candidate of technical Sciences V. K. Nezin for vritia; §8.3-8.6

and the survey of the manuscript, to Candidates of Techni:al Sciences

L. Sh. Ratadze ani to V. W. Ivanov for a series of observations and

indications, made during the review of the book.

F- Page N. to typing.

!3
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Page 5.

Chapter 1.

:'•, i PROBLEMSS 3F RAtD13 TRAFFIC.

Radi3 trafflz was used for the first time and in essence was

developed as means of the marine, and then also air navilition, for

which the most important question is the determination of the

position of moving object (ships aircraft). For deteraLfttq the

position of any ýf object, it is necessary to determine ingles with
certain reference direction of straight lines 1, that c33,ect this

object with the p3ints whose coordinates are accurately kbown.

FOOTNOTE t since the surface of terrestial globe plans, precisely to

say about the ge~letic lines, which connect the given points with

this surface. For greater detail, see chapter 2. RwDF3arvOTE.

If in point x is located the object whose position is

° . ° ._
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determinel, and tte coordinates of point A are knovn, then direction

from point x into point A, determined by angle a between the

direct/straight. :onaecting point x and A (Fig. by 1.1), and certain

reference dire.tions, he is called bearing. &as the reference

directlion from vhich are counted off all angles, is a::eptel usually

the direction of true (geographical) meridian at the particular

point. In that case bearing he is called true.

For determining the position of any of object, it is necessary

to determine from the point of the position of object x the bearings

of two points A and B, for example a and p (see Fig. 1.11. After

finding these bearings, construct on map/chart straight lines AE Ann

BD. forming at points a and B with direction north - south angles a'

= - 1800 ani p, * 1800 respectively.

Page 6.

Interse:tLon of tie straight lines 1E and BD gives direzt position of

point x. The directions, determined by angles a' and 0', they are

called reciprocal bearings.

Bearings zaa be determined by visual aid optical vetiods. These

methods hove two assential deficiency/lacks: the small range, limited

by line-of-sight ranges, and the impossibility of their use under



DOC 77223201 PAGE ? 1

conditions of poor visibility, i.e.. when the procisi•a litermination

of the position ot moving object most of all is necessary.

[t is natural that for this purpose were used the instruments,

determining bearings by the means of radio, the radio unraction

finiers, possessL~g the considerably larger range and the possibility

of work in fog and under other conditions of poor visibiLity.

The uearing, determined with the ail of radio e3uipstnt, he is

called ratio bearing. The process of determining the radbi bearing he

is called radio traffic, and the branch of radio enginaerinq, which

studies all questions, connected with radio traffic, by radio

direction finding.

In the preceling/previous example it was assumei that the

Uitermination of lirections a and f is conducted on the moving object

itself. This msta)l of the direction finding when dire:tion finder is

located o3 ship or aircraft, he is called its own direction finding.

With dira=tlea finding it is possible to utilize a transmission

of any radio station whose position is accurately kneaw. For the

purpose of the pravision for a possibility of direction finling at

any time on the earth/ground, are establish/installed the special

transmitting radit stations, called the nondirectional ralio beacons.

. . , .. I
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Besides the lescribed method is applied still another method of

L direction finding, which liei in the fact that with the aid of the

direction finders, arrange/located on the earth/grouniv are

determined the amlies of and pe. which are reciprocal bearings: at

V 0- +us - * 180.

Fiq. 11. Deterinaitioa of position from two bearings.

Page 7.

This metuod he is called strange direction finding. For the

possibility of its application/use, it is necessary 3a aiicraft (or

ship) to have the radio-transmitter station for the :all of

terrestrial ra3li directiou finding station and then for

F emission/radiation during direction finding. The obtaiiae bearings

terrestrial stati~n radioed aboard aircraft or ship.

I
tI
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A main deficiency/lack in this method lies in the fi:t that the

services 3f diceztion-finding station at the given instant can use

only one object, while the nondirectional radio beacon can be

orient'ed by which conveniently number of aircraft or ships, equipped

with direction finders.

The advantalt of the method of strange direction finding

consists in the fact that it can use the ships and aircraft, which do

not have special squipment (radio direction finder), but equipped

only with the normal receiveting-transemit radio station.

Besiles the tetereination of two directions for latarmining

position in navigation, has value and definition of 3n& Itrection

along which must follow the aircraft or ship. This tarqet~purpose

serve, first of all, compass, also, at small distances - the

so-called double beacons. Here also with large success can be used

radio direction finder.

tn some spezial cases the role of radio direction finder can be

especially important, for example, the direction of saip in aid to

other, signalling of calamity. If the location of the latter is known

insufficiently accurately, the only method to rapidly a&aIeve it is

floating in the 11rection, indicated by direction finder. Large

conveniences direction finder represents also when conliz.ting of the
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caravan of law courts by ice-breaker. etc.

In the air fleet the radio direction finders vilely ire applied

for the solution of the problems of air navigation, is tit traffic

control service 31 the provision for aircraft guidance, for the

identification of aircraft in airport zone and in other :&ses.

Besides navi;ation the radio direction finders fiat a gse in

military scienze as means of determining the position of radio

stations and, therefore, troop formations of enemy.

Page 8

For this purpose, the direction finders widely and su::3ssfully wore

applied even ia wurld war 1914-1918.

rinally, rallo traffic is very essemtial method for research on

a number of the physical problems, connested with caRi3 9gineerinq,

mainly tWo questions of the propagatior of the electrosagmetic waves

of different range, in different time of days aud year, listribution

of atomospheric lischarges. etc.

The importaov application/use of radio direction finlers is

their use for determining the position of Satellites 101 3pacecraft.
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In last/latter decades were developed the diverse new

radio-navigation systess: pulse* phase, frequency# et:. Despite the

tact that some of these systems provide position finding with larger

accuracy than the radio direction'tfinders, last/latter zispletely

retain their value. Is explained this to the facts that the radio I

direct-ion finders possess a series of essential advaatiles. The radio

direct-ion finder, establish/installed aboard the aircraft or ship,

can be used in any area, since do not require any special stations:

direction finding can be produced on the constantly opersting

broadcast or communications radio stations. The equipment, adjustable

aboard, is simple in operation and it is reliable. Durla; the use of

ground-based radii direction finders, not at all it is required any

special equipaiDt aboard of moving object, besides the normal

receiving-transmitting station. The accuracy, providel with radio

direction finders, is sufficient for the solution of the majority of

navigational problems. Radio direction finder is the all-?urpose

instrument: it it is possible to utilize on large, mediam and small

distances, for example for the driving of aircraft on the

predetermined -ourse as booster agent for recovery to

landing/fitting, etc. The advantage of ridio direction fi3ders is

also simpler, this in the majority of other radlo-navigation systems,

the exchange of operating frequencies, which raises interference

- ~ -- -
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shielding, it makes it possible at each given torque/moment to select

the frequency, least subjected to interferences, The wort of radio

direction finlers is connected with short-term emiehion/radiation,

and therefore lose not cause the excessive charging of ether/ester.

Page 9.

Finally, another navigation aids cannot replace radio direction

finders in fields mentioned above of their applicatioa/use besides

navigation (in military science, in scientific investigations, during

the deteraination of direction aboard the ship, signalling of

calamity).

In comparison vith the radar methods of deterainiL the

position, the radio direction finders possess considerably larger

range. It should be noted that gonionetrical equipment/I-vices of

radars are based actually on the same principles, as cilio direction

finders. However, as a result of the coordination of a:tI)n of

gonionetrical equipment/devices with the remaining cell/elements of

radar station, these equipment/devices possess a series of specific

special feature/peculiarities. Therefore gonioeetrical

equipmentfdevicas of radar stations in this book are not examined.

Initially railo direction finders were fulfilled in the range of
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medium-frequency waves from that which is rotated by operator by

antennA (frameworc) and with the auditory reading of bearing on the

minimum of audibility.

Subsequently of development, they were Sirected t3ward

operator's release from the rotation of antenna and the replacement

of the auditory reading of bearing by reading along eLa:tronechanical

instrument, along cathode-ray tube, in digital signal panel. vas

carried out research 3n the reasons for the errors of radio direction

finders, were found the measures of their elimination. were developed

the more effective antenna systems, ensuring large with a:cura4y and

the sensitivity of radio traffic. Simultaneously was iupr)ved radio

reception technique - Were improved the indices of the forming part

of radio lirectios finder receptors (interference shielding,

sensitivity, the accuracy of installation and maintenam=e of

frequency, reliability, etc.).

In connectiai with the comeon/general/total development of radio

engineering and the mastery/adoption of high and ultrabi;2

frequencies, was expanded the frejuency band of the work of radio

direction finders. Contemporary direction-finding installations work

in the range from the lowest to the highest frequencies.

As a result ,f the made investigations and developments, the

S. . • .
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direction finlars are at present sufficiently precision instruments.

Page 10. '

However. the accuracy of direction finder is caused by a whole series

of the factors, connected with it by itself and with the affect of

the surrounding 2bject/subJects. and also with the conditions of the

propagation of electromagnetic waves on the way from transmitter to

direction finler. Therefore the indicated high degree of accuracy can

be provided only in that case when during the practical nse of a

radio direction fLnder is given up clear report in the processes,

which occur in it, and in the different effects, exertal to these

processes. Thus, sor the proper practical use of a radio lirection

finder is necessary serious acquaintance with the theory 2f its work.
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Chapter 2.

PRIINCPLES AND MTHODS OF RADIO TRAFFIC.

2.1. Electromagnetic field and its polarization.

It is known that electromagnetic field is the totality of the

mutually connected electrical and magnetic fields.

Electromagnetic field of the radio waves, emittel by the

transmitting antenna, is the field of the traveling wave: the phase

of field varies in proportion to to the path of the pr~palation of

wave, and amplitule changes relatively weakly.

Any emitter zreates the induction fields and emissiom/radiation.

At close distance from emitter (smaller than the wavelea~th) there

are mainly fields of electrostatic and electromagnetic inluction. The

intensity/strength of the first inversely proportional t0 the cube of
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•, Jdistance from emitter; the intensity/strength of the second inversely

proportional to the square of distance. Radiation fieli is bure

relatively weak.

With distan:9 from the emitter of induction field, rapidly they

de'r.ees. at a distance, greater than two-threo waveleagths, virtually

remains one radiation field alone whose intensity/strength in free

space inversely propo:tional to the first degree of distance of

emitter.

In the zone 3f isduction, in immediate proximity of emitter,

between the strength of electrical and mignetic fiells is a phase

difference, close to 900. With distance from trasmitter, this phase

difference Secreases, and in the zone of emission/radiation during

propagation in dielectric sediur (air) electrical and magnetic fields

coincide in phase.

Page 12.

During the study of processes in radio direction finters us

interests as radiation field when is oriented the listiat radio

transmitter, so aLso the field of the neat zone when, for example, is

investigated effeot on the direction fin3ling of the •a.jsant (to by

antenna to the system of radio direction finder) metalli:



Tk- -

DOC 77223201 PAGE .24)-

ob ject/subjects.

At large listance from emitter (in the zone of

emission/radiation) tLe vectors of the strength of electrical and

magnetic fields (I and R) mutually perpendicular aad perpendicular to

Poystiages vector (S), which characterizes the direction of

propagatitn of electromagnetic energy (Fig. 2.1). Durm; E.cee-space

propagation constant-phase surfaces are the concentric spheres in

center of which is located the emitter. This wave he is called

spherical.

At large distances from the transmitting antenna tha section of

constant-phase surface near observation point can be considered

plane, i.e., to :c3snder wave as plane.

The structure of field is distorted near the interfaces (for

example, the earth/ground and air), and also in the prosasce of any

obstructions or sacondary emitters: mountains, trees, antennas, etc.

The vectors )f the strength of electrical and magnetic fields,

remaining mutually perpendicular, can have different lire:tion. For

the chara:teristic of the sense of the vector of field, is introducel

the concept of polarization. The polarization of eLectr~oagnetic

field he is called the orientation of the electric fiell of vavp
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relative to the pLane of propagation. The plane of propalition he is

called the plane, which contains directioa of propagation and

perpendicular to the earth's surface.

Can be observed the following forms of polarioatian:

1. Normal, or is vertical, the polarization, when the vector of

electric field lie/cests at the plane of propagation. rhis case is

depicted on ?i;. 2.2, where zy is a vertical plane.

nI lar~mEmlMaiml•mm nm c mrmm mmm m mm mmn nn n __ •. .. • nnq, -
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Fig. 2.1. Butmal Location of vectors of alectromagneti-- field.

Page 13.

2. Abnormal polarization vben vector of electric field composes

certain angle with vertical earth referenced plane, whick contains

direction of propagation. A special case of abnormal polarization is

borizontal polarigation, when the vector of electric fiail is

horizontal, and tie vector of magnetic field is vertical.

The in3iiatai in p. 1 and 2 polarizations they are linear.

During any linear polarization electric field can be laz.-posed on

two fields - vertical and horizontal, cophasal.

3. if between vertical and horizontal components of alectric

t.
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field is phase dLsplacement, then is obtained resuItLn; 9liptically

polarized field, the terminuses of the vector of directILity of field

during the periol of high frequency describe ellipse. rho rotation of

the vector of fieLd in time is realized unevenly. Direction of

rotation depends on a phase difference the vertical ail horizontal

componeats of elv:tric field. X special case of elliptical

polarization is circular polarization, when vertical ail korizontal

components are ejsol to each other and a phase differenct is equal to

900.

kI
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'*1

Fig. 2.2. Normal polarized electromagnetic field.

Page 14.

The stren;tj of the electrical and magnetic fietds of plane

electromagnetic wave in the general case of elliptical p~larization

it is possible to express by the formulas:

- Ih/4 -fmr cnik P cnaSb) '

E iE,~tor c C I
" /4 - oir cm (2.1)

If (-ja*,H, - .1- Vl) C
J

vbere uo and Vo the unit vectors. which characterite thu direction

of the lacge and minor axes of the ellipse of the polaritition of

electric intensity;
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iE, Ri,. H,, H,- value of the large and sesiminor axes of the ellipse ]
of the poLarLiatLan af electrical and magnetic fields (Fr;. 2.3);

- wave nuaber (a = 2,/X in free space);

r and I - the polar coordinates of the point in ;uustion, .

relative to the 3rigin of coordinates;

'-- the phase in the beginning of coordinates;

0-the angle of the direction of propagation of wive with
4

initial reference line (azimuth, bearing)-;

- the angle of the slope of a front of wave (Fig. 2.1).

Coed* flmroWrf P

I- ,

Fi-cj. ••

Fig. 2.3. Ellipti:ally polarized electric field.

Key: (1). Trace *f propagation.

,I

I,,,i . ... , "
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Pig. 2.4. Adoptel designations of coordinates.
I

Key: (1). Diroctlhn of propagation. 4
Page 15.

Blliptically polarized wave can be presented as gem Nf two

linearly polarize] waves: in the plane of propagation (E,,i f1 ) it I

is perpendicular to it (E±, H.)

A
1
I

"-" -in con0 o 1-6"
H= --nH.Le '+ all,,) e•-f cs ,,"", _J-

where n is the unLt vector, which lies at the plane of propagation

and perpemdicular to direction of propagation;

4I

a- the unit vector, perpendicular to the plane of propagation;

E,,, El, H., H the corresponding components ot electci-il and

magnetic field;

o-- phase itsplacesent between tha normally an3 abiormally

1 ;' "
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polarized components.

The angle, c:impsed by the direction of the transverse of the

polarization of electric field with the plane of pcopagation, he is

called the angle 3f polarization y.

The component of electric field, vhich lies at the plane of

propagation E.. can be decomposed on two components: vertical E, and

horizontal E. in the plane of propagation. If 0 - 0. i.e.. if

direction of prnptgation coincides with I-axis, we will 2btain

following componeits along the axes of the coordinates:

vertical _ j
E. = cos P j (E. cos V' + (E, sin y), -- E, COS k

horizontal in Airecti3n of propagation

E --= sin P I/(E. cos y)' + (E, sin y)2 = E, sin 0;

horizontal, peepeadicular to direction of propagation

- '"(E . sin f)' + (E , cos y)'= EC..

Page 16.
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2.2. Principles of radio traffic.

Examining expressions for the strength of the fiels *f plane

wave (2.2) and (2.3), we see that the sense of the voct•r of field

and the phase of the strength of field depend on the amgl of arrival

of wave. the use 3f these dependences makes it possible t3 carry out

radio tra fic.

For leteramingn the sense of the vector of the fisits, it is

possible to utilize an electrical or magnetic dipole, pr&:tical

fulfillment of which is the short vibrator or the framework of small

size/dimensions. aevolving dipole, we will obtain the maximum of oaf

in it, when its axis coincides with the direction of the transverse

of the polarization of the strength of electrical or 32igatic field

for electrical ani magnetic dipoles respectively. The minimup of emf

will be obtained, when the axis of dipole is parallel to the minor

axis of the ellipse of polarization. However, the direotiin of the

axes of the ellipse of polarization depends not only on direction of

propagation, but also on the angles of the slope of & fr3tt of wave

and on the angle 3f polarization.

only if the angl.e of the slope of a front of wave 5 is equal to

zero either the angle of polarization I it is equal t3 00 or 900, is
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possible error-free direction finding with the aid of dipole. In the

first case (0 1 Ol the direction of propagation coincides with

perpendicular to the horizontal axis of the ellipse of polarization.

In the second case (y = 0 or I - 900) the direction of propagation

coincides with perpendicular respectively to the vector of the

magnetic or electric field of electromagnetic wave.

Research on radiowave propagation is led to the cra:Lusion that

under specific coaditions (for example, during the propagation of the

terrestrial wave above the well conducting surface) is provided by an

angle of polarization, close to zero. In this case, the vactor of

electric intensity is vertical, the vector of magnetic intensity

horizontal and for direction finding can be used magqati: dipole,

i.e., the framevwrk. Perpendicular to the axis of dipole with the

minimum of signal coincides with direction of propagatla. An antenna

of this type fLind wide application, especially on the salium and

long waves with which the polarization in many instances is normal.

It is necessary 42 note that during appearance, on the strength of

the conditions of propagation, abnormal polarization tne lirection

finding to the framework will be accompanied by the errors which are

called polarizational and in more detail they are examiane in chapter

6.

Page 17.
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Stable polarization at an angle of 9go (y T 90°*, when electric

intensity is horizontal, is observed relatively rarely. Only in these

cases electri-al horizontal dipole cam be used for radio lirection

fi ndiug.

The phase of the strength of field also depends on parameters

enumeratel earlier (azimuth, the angle of the slope of a front of

wave, angle of polarizations)vhose separate determInatLzn according

to observed data In a single point is impossible. The measurement of

the phase at several points, which requires the applicati~v/use of

the dLversity-recaption antennas, makes it possible to •;3pose the

system of equatio~s whose solution gives the values of all indicated

paramsters of electromagnetic field.

The number of parameters and at the same time the number of

necessary measuresents decreases, if we determine the strength of the

field of the determined polarization. For this purpose, msnsing

devices oE radio lirection finders are designed for the

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

components of electric field.

The sxcepti3a/elimination of the reception/procedure of the

S. 0 I
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second (horizontal) component of electric field techni:ally

complicatedly and virtually entirelj is not reached. lbe

remanent/ces•ldual reception/procedure of the horizontal zimponent of

electric field leads to the errors which are also called

polarizational. 3ae skould emphasize the difference in the easons

for polarizational errors with direction finding with the aid of the

framework and with the aid of the spaced antennas: is the first case

4.
the polarizational errors are characteristic to operating principle,

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

fulfillment.

In this :hapter we will consider the action only of vertical

component of the electric field

E =E. ei'e-'" €, co,(e-) (2.4)

In many instances the propagation of wave from tramsmitter has

the multiple-pronged character: besides lirect wave are propagated

the waves, reflected from the different layers or heterogeneity of

ionosphere or the troposphere, and also the wave, reflected from the

earth/ground, froe different return emitters, which are located on

qreater to silt smaller distance from direction finder sal, etc.

Page 18.
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The resulting interference field is sum 0 of the coherent waves

,v • Ib~j -Mr Cos P, cog 1•0

,'-Ete e e. (2.5)

Each wave is zharacteivsed four by independent parameters (E,,f -,, fr.o0,),

and interference field as a whole by 4 1 parameters. ampLitude and

the phase of fiels of one of the waves can be aoceptel arbitrary for

the comparison with then of other waves, then it is reauire! to

determine 4N-2 tho unknowns of the parameter. Each antenna proviles

information about amplitude and the phase by induced in it eaf. are

possible only relative measurements of amplitude and phase relative

to amplitude and phases of one of the antennas. Therefore, having n

of antennas, we obtain 2(n - 1) the results of measurement. Knowing

the locations of antennas, we can be 2(n - 1) the equations, which

relate tho parameters of waves with amplitudes and phases of the

stresses in antennas. Rqualiring the number of unknowns t2 the number

of equations, we abtais

2(n-I) =4 N-2 (2.6)

or

n -2N.

For the separate determination of the parameters of all incilent

waves, the number of antennas must be equal to the doublel number of

waves. This dire-tion finder will ensure the error-free determination

L• . , :- •.
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of direction and ingle of incidence in each of the component waves.

For the production of radio direction finder accorlina ti this

principle besides by the antenna of system from the nl.e-esary number

of antennas are required the very complex receiving and computers,

intended for the solution to the indicated equations. Fpr this reason

up to now, there Is no radio direction finder, which in practice

realizes the given operating principle. All the existing cadio

direction finders according to operating principle are Jasigned for

the direction finiing of one wave. Ihen on this "singla-vive" radio

direction finlar operates the composite field of several vaves,

appear the errors, called interference and examine/considered in

chapter 6.

Page 19.

In single-wave radio direction finder the required Limber of

antennas is greater than determined by formula (2.6). This is

explained to the facts that with the incidence of only vane the

amplitude of the strength of field and, therefore, amplitude of eof

in antennas in all measuring points are identical and the data on

them cannot be used. We obtain possibility to comprise only (n - 1)

equations according to the results of the relative measurements of

phase. The number of unknowns is equal to two (9 and 51. Hence it

follows that for the direction finding of one wave (I - Ii is
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required not less than three notionless antennas. The nimber of

antennas of radio direction finder frequently exceeds the theoretical

minimum. Surplus antennas make it possible to simplify the technical

fulfillment of ralio direction finder anid to improve its indices:

sensitivity, interference shielding, instrument/tool accuracy, etc.

Sincs in the process of direction finding is asually of interest

only azimuth of incident wave, it ie possible to searzh f)r the

method to decrease the required number of antennas, ez-luaing the

possibility of the determination of high-altitude angle P. From

formula (2.4) it is evident that, accepting the phase of field in one

of the antennas 3E the equal to zero and revolving the se-ond

antenna, it is possible to find this value of the angle = (C v/2

* 9)at which and the phase of field for the second antanal is turned

into zero indepenlently angle of the slope of a front of wave A. In

this case of the sufficiently tvo rotatable antennas for the

determination of bearing; however, without the possibility of

determining the high-altitude angle. Direction finding actually is

reduced to the determination of the direction of the lines of the

identical phases of the field perpendicularly to which is

arrange/located transmitter.

The angle of the slope of a front of wave under normal

conditions is chaged within not vide limits near 0. If we consider


