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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
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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.
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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

ki sk g e st e ile 2 bk e s e e oot el s da bt T b g i R PRBRAEL -0 Sty

DR P | YOO T P T

Lo el o

B TPy T Y- T D

MMJA‘L&MWJA. BTN & DPUPTR PP



DOC = 77223201 PAGE .31'27

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

T I TN R o
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angle B kaown, after accepting for it certain averaga valse, is
possible direction finding to tvo sotionless aateamnas, siace the
nuaber of unknown parameters is reduced to one 6. Hovever, the actuml
value of angle P can differ from that which was acceptel iuring
calculation. Because of this appear the errors jin the istacaination

of bearing, vhich obtained the designation of high-altitale,

We examined the field of single electromagpetic wave vith the

stable parameters.

Page 20.

Under the actual :conditions of radiovave propagatiom with reflection
fros ®"roujh™ ifons>spheric layers or due to the effect of the
troposphere the value and the phase of field, its polacization, the
angle of the slops of a front of vave and the directioa of arrival
vary around averaje value. A wave of such type can be crasidered as
wvave, wvhizh has tie angular spectrua, i.e., as totality or the beas
of vaves vwith the different directions, vhich are usually placed
within ths liaits of small angle. Since radio direction finders of
the type examinel above cannot solve separate cosponent waves, their
readings corresp21d to the result of the effect of all alamentary
vaves, i.9., givs errors. Brrors oscillate in the course of tise in

accordance vith the fluctuations of parasesters of coaplax vave,
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Analogous errors are characteristic to the sultivave radis direction
finder which solves separate discrete waves, but it caandt solve the

continuous anjular spectium of scattered beam. Brrors of this type

also are related to interference.

After feed/conducting result, it is possible to estadlish that

according to operating principle the radio direction finders are

gubdivided into the folloving groups:

1. Radio 3iraction finders with the single rotataple dipsle
(virtually uscally framovork). These radio direction finders are

subjetcted to polarizational errors.
2. Radio dirsction finders with two rotatable antenaas.

3. Radio direction finders with two motionless anteiras. These

radio dirsction finders are subjected to high-altitule arrors.

4. Bvdio 3icaction finders with single~vave type three or more
motionless antganas.

All the enua2rated direction finders are subjected to

interfereace errors.
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5. Baltivavs type radio direction finders,

2.3. Direstion-fiading methods.

Puring use far determining the bearing of several aatennae
arrange/locatsl at the diverse points, the information about bearing
is contained in the phases of the strength of field aanl, therefore,
in the phases of »af, induced in anternas. It is possible to

distingquish two sethods of processing this information,

Page 21,

With the first method of the voltage of geparate antannas of wup
to supply to the input of receiver-amplifier device, they are
cuab;ned so that sither the carrier asplituda of the cesulting stress
or the parameters of the aamplitude smodulation (depth >c the phase of
amplitulde modulation) of the resulting stress are the function of
bearing. The dets mination of bearing is conducted by taz measurement
of amplitude or paramsters of the amplitude modulation of the output
voltage of receiving indicator. The radio direction findacs, which

operate using this method, they ace called amplitude. Another method

of detersining the bearing is based on the applicatiocsa/usrc »f phase
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aeasuroments, Tha radio direction finders in vhich is useld the
neasuremneat of the phase of high-frequency oscillationsg, they are

called phase.

Aaplitude dictection-finding methods. Let us exaaine the
application/use >f aaplitude methods in the case the use 5f the
rotatable antenna with (framevork, tvo diverse framewdrk, tvo and
sore spacad antenias, the combinatioans of the framevork, and
antennas). The resulting voltage/stress by the antenai >f systea

depends oa the direction of incident vave, i.e.,

U=Ef(0. 3). (2.7)

The lependence of output potential by the antenna of system froa
the direction of the arrival of vave he is called directional
characteristic of antenna, and its graphic representation - by
radiation pattara. Is is cossonly used standardized/normalized

directional characteristic

Fq. 3)=7_“‘“.:..(?'(e’.)m ' (2R)

vhere fuanc (0, 3y — the maximum value of directional

charaoctari stic.

Pigures 2.5 and 2.6 as an example gives diffecrent radiation
patterns in horizontal plane (i.e. with p = 0), presasntsl in
Cartesian amd polar coordinates. Pigures 2.5a depicts ia polar

coordinates widespread directiomal characteristic
F () = cos0. (2.0

o a Aot de, o
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Page 22.

In form of ifimage this characteristic calls the "diagram of eight®", On
Pig. 2.5b, this same the characteristic is depicted in rectilinear

coordinates.

On Pig. 2.6a and b, is depicted acute/sharper radiation pattern

in polar and rectilinear coordinates.

Por determining bearing antenna systea they revolvae, observing
output vcltage. It is possible to distinguish two methods of the
rotation:

1) the rotation of antenna of up to obtaining of siaisum or
maximum of output voltage, after which it is coaducted the reading of
bearing on antenna position;

2) the long running of antenna.

et us call/name the first method mounting methol oa bearing.
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Let us disasseable it in more detail. The rotation of antapna can be
realized by hand by the operator who finds bearing on audibility in
telephone (auditory direction finding) or from readings 3f visual

display (visual ndo>navtomatic direction finding).
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Fig. 2.5.

Pig. 2.6. Directional characteristic.

Page 23.

As indicator are applied the dial instrument or the cathole-ray tube.

Botation can b2 raalized also automatically vith the aid of the power

drive, controlled by the output voltage of radio diractior finder.
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In vork for audition detersination of direction, thesy produce on
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ta '
;ﬁ ) the rinimunm (disappearance) of audibility in telephone, but not on
3; ’ maxisur, since the first method is considerably more praci se. f:
E ' Actually, vwith dictection finding with respect to the ainimum, the E.
’? very small (order 0.5-3°) divergence of antenna fros the position of
; zero reception/procedure already causes the appearance of completely
g? noticeable aulibility in telephone. Near maxiaum the audibility

:. changes much more slowly and is possible sufficiently considerable
? ' divergence from the position of the true maxisup of 3
) reception/procedure before we will note a change in sound intensity.

. Let us exanine, for example, the use of cosjinusoidal lirectional
R characteristic. It is experimentally establish/installed that on the ::

-

aiddle ear notes a change in sovnd intensity. Let us sxasine, for

example, the use of cosinusoidal characteristics of directivity. It o\

L and

is experimentally establish/installed that on the siddle sar notes a
change in the audibility to 7-80/0. This difference wve will obtain

near the maxisus when cos 0 becomes equal to 0.92-0.93, vhich j%
corresponds to angle of 23-219, Coasequently, having only gone awvay
froa saxiaus to tae angle, greater than 20°, we will note a change of i‘

the audibility in telephone,

Besides the letersination of bearing for audition fros the -
sinimum of radiation pattern, there is another auditaory s»thod, based B

on the coaparison of audibility in two positions by the crotatory

antenna of system or during switching by the antenna >f systes,
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coabined with the omnidirectional antenna.

The simplest diagras of the realization of comparison method is
represented on Pij. 2.7. Two Framevork - fundasental frasework A and
auxiliary B are arrange/located mutually perpendiculacrly and are
attached on one axis. Eaf fron framework B of switch by seitch D.
Direction finding consists in the rotation of both frasevork and in
the determination of such position by which switchings of switch D do

not chrange intensity of reception.

On Fig. 2.8 dotted lines, gave the radiation patterns of
frasework A and B. As heavy and fine/thin solid lines ace depicted

total radiation patterns in two positions of switch D.
Page 24.

According t> the same lav vill change the audibility at the
output of receiver during the rotation of the framewosrk. The position
of the framevork, in vhich the indicated swvitchings 10 anot chaage
audibdlicy, corresponds to direction 3I-4, vhen the plane 3f framework
B to the perpendicular of the location cf vadio traosaitter (1-2).
Then there is no reception/procedure to framework B. The 1lirection of
the incoming electromsagnetic wave is determined in this case hy

perpendicular to the plane of framework B. On the dial/liab of radio
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direction finder, must be counted off the angle between the initial
reference line and this perpendicular. Audibility will adt change
also in the position of the framevork along directions 1 and 2, i.e.,
in the absence of reception/proceiure in framevork A. this could lead
to the possibility of bearing error to 909. Virtually this aabiguity
is removed by the facts that framevork B are taken vith the larger

ef fective height than A; therefore audibility with accurate bearing
is less than with erroneous bearing. Pramevork B one should take
greater size/dimensions than framework A, and for am incresase in the
accuracy >t readiag (see § 2.7).

Instead of the auxiliary framevork-w, it is possible to use the
osnidirectional antenna whose eaf coincides ia phase vith esf fros
the frasmework. Eaf of the framevork or antenna is chanjed over during
direction finding. Direction finding consists im the detecrmination of
the position of the framework, by which the audibility at the output

of receiver is not changed during svitchings.
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rig. 2.7. rig. 2.8.

Pig. 2.7. Diagram of the realization of coamparison method.

Key: (1). To receiver.

Pig. 2.8. Radiation pattern during svitching of the frasework.

Page 25.

Between the amaplitudes of enf of the framework and antenna,
there can be in principle any relationship/ratioc. Let us 1ssume that
the value of esf of the changed over antenna is equal to saximum enf
of the framevork. Then the resulting radiation pattern will be

obtained as on Pi3. 2.9, on vhich by fine/thin 80lid line is shown

the antenna radiation pattern, by fine/thin dotted line - the
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radiation pattern of the framework. By hesavy broken and s31id lines
are shown the resalting diagrams in two positions of swvitch D. As can
be seen from Pig. 2.9, the vezlue of resulting enf is not changed
during svitchings D, vhen the framewvork is directed leajthvise 0o and
Ob, i.e., vhen the plane of the frasevork is perpeandicular to
dictection in radia station. This is considered during the orientation

of the framework and dial/lisb in the indicated systen.

During manual unit on bearing accoriing to instruoaent (visual
for nonautomatic unit is most expedient to utilize coaparison method.
The voltage, obtained as a result of switchings, is socdulated.
Utilizing, for example, radiation pattern of the combination of the

antenna and framework, as on Fig. 2.9, ve see that in position Oa the

voltage during one half-period of switching vill be propoctional 04,
and during the second - is proportional 03. This is represented on
Pig. 2.10. Badio frequency voltage is modulated and has rectangular
envelope. In position Ob (Fig. 2.9) the depth of modulation is egual
to zero, since voltages 01 into both half-periods svitchimgs are
equal to each other. During the divergence of antenna to the
position, symmetrical Oa, ve will obtain the sase depth of modulation
as in Oa, but with the inverted phase. It is easy to see that the
depth of modulation is the function of angle of rotation. Unit with

the antenna of system on bearing produces on ainisua (zars) of the

depth of mcdulation.
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Pig. 2.9. Radiation pattern of system froa the framewdrk and the open

antenna.

Page 26,

In visual radis iirection finders at the output of receptor, is
included the indicator according to readings of which the operator
deteraines the antenna position, which corresponds to the minimus of
the depth of modulation. In the automatic direction finders the
follower with the aid of the power drive turna antennas in the
position, which corresponds to zero modulation. Besides sjuare-wave

sodulation can be obtained sinusoidal modulation.

Direction finding on maxisum, as was noted above, vwith
cosinusoidal radiation pattern is imprecise. However, with

sufficiently acuta/sharp radiation pattern, This method of direction

finding becomes possible. Specifically, on ultra short waves it is
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easy to perforam antenna systea vith this acute/sharp radiation

pattern that the lirection finding on wmaximua vill be sufficiently

Looalbart b

precise.

i e

Let us examine the second method - with the long ruasiang of
anteanda. In the radio direction finders, working using this method,
the voltage proves to be modulated depenling on the freguency of the

rotation >f antenaa. Actually, if angular fregquency 2, then

0=Q!

and the voltage of antenna is proportiopal to directional

characteristic

; F(0—0) = F(Q—0),

i.e.
UE-UM,";F(Q!—-O). (2.]0)

IR DICTPSE

R ST

:
;
i
3
1
E
i
E




> oo e e R e T SR ,_“r_..q,,m.fm.—.ﬁg,g
=

-2

I TR IR

B C =

: Do 77223202 PAGE €9 45

s .

b | (M

. W_T 3.4.¢. om pauny

5 ! i

5’ LA AN : ! {2)

.‘ V V AVTV 7 J.d.c.omanmennst
. (» Samxaym  Wnanym,

?‘ tee, K01y B toam. y*

! 3y
H (#tymu 24.¢c.
t Panxy ¢ anmemy

3

|

N,

t.

@! Fige 2.10. Additis>n of the voltages of the frasevork and antenna,
1 Key: (1). Baf fros the framevork. (2). Eaf fros antenna. (3). They
Q will close cont. {4). Sum of emf of the framevork and antenna.
b

Page 27.

Expression (2. 10) represents modulated voltage, moreover the phase of
modulation curve is determined by bearing 8. At the sutput of
receptor, is swvitcbed on the instrument according to vhich is counted
off the phase of modulation fregquency, vhich corresponis to bearing.
Thus, radio direction finders with the long tunning of antenna are

automatic, i.e., making it possible to directly couat off bearing

vi thout observer?s any operations. They are called phase-meter.
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Let us turn nov to radio direction finders vith sstionless

antenmas. Let us examine the simplest antenna system of fyur vertical
vire anteanas ' (Pig. 2.11).

POOTNOTE t. The application/use of four antennas instead ot three

antennas, the miniaum number, simplifies examinaticn.

been indicated that for an improvesent in the series of the indices

of direction findar, is applied a lar7~r number of antenpas.
ENDFOQTNOTE.

Antennas 1, 2, 3, 4 are arrange/located in the apex/vertezres of

square, direction of one of the diagonals of square vith amtennas 1-3

coinciding with the initial reference line of bearing.

Let us designate: /.- acting height of antenna; 2b - the

separation of opposite antennas (corner diaseter) ; n the

imitial phase of field at the center Of systenm.

Bmf, induced in anteanas, in accordance vwith (2.8) will be
U' — Ehrel {hsmbconpcond] , ]

Y . r iy —mbsinpcos )
U,=Fhe' cos Al

(2.11)
7 1 | Ib~mh cong cos 3)
U,=CEh.e ol

T _r Fib ¢+l sin 8 con 3}
LlO:" L/‘ue ’ .

M " g —
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Pig. 2.11. Antenna location.

Page 28,

The differential voltages of opposite antennas to sex/flaor are
aexpected equal to

= j2Eh,esin (mbcosFeosh), (2.12)

— U, = j2En ¢/*sin (mbcosBsinh).  (2.13)

We obtain tvwo voltages of the identical phase whose aaplitude depends
on bearinjy 6 and >n the angle of the slope of a front of vave p. With
the aid of the appropriate computer it is possible to determine by
the obtained tvo voltages both angles @ and g, Virtually iwn this
type, radio direction finders is applied a small separation of

antennas in comparison with wvavelength (2b < A), since with a snall

separation is simplified the procedure of the deterainatiom of
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bearing. Purthersdre, vith large separation the solution to egquations

(2.12) ani (2.13) proves to be many-valued. Taking into account a
small separation, in both expressions sines can be replaced with

arguments., Than
U, == 24 Ee/*mb cus p cos (2.12)
U,,= j2h Ec"* mbcosBsin 8. C2.13)

Replacement of sines by arguaments, strictly speaking, it is
permissible only vith the negligibly lov values of arjuaseats., During
an increase in thes acrguments of expression (2.12°), (2.13%) they
become imprecise and the obtained on them subseguently baaring is
accoapanied by the error which is called the error of separation. The

saximum permissible errors of sepatation liait the distance betveen

antennas in radio direction finders of the type in question.

®or determining angle 8 in accordance with (2.12¢%), (2.13') can
2@ used two methods, The first method congists in the fact that
betwveen antenrna system and the receiver is included the gonioaeter,
which consists of tvo motionless field coils and one cevalving search

coil.

Anteanas 1-] and 2-4 are connected with the aid of feeders to
tvo motionless mutually perpendicular field coils I, of II
goniometer. Within field coils rotates third search cail of

goniometer, connected to the input of receiver.
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f The appearing undar the effect of the differential vdltages U,y
& and U,, currents and created by thea in field coils I and IXI sagnetic
%i fields H: amd H,, are proportional to differential voltages,
? i. e. \ . ,
{'\j i ‘ Hi=kU,a=H,,,, cosh,
ii| H”zk'u":HlluucSino'
3
) vhere k and k. the proportionality factors, which depead on the
Q paraseters of goniometer amd antennas.
The resultiny sagnetic field in gomioameter is equal to vector
i

sum of fields H; amd /i Let us assume that the curceasts in both

coils I and II, aad also the created by t heam nagnetic fields /i, and

H,1 are located in phase. Then the vector of the resultingy sagnetic

b v i ® At W ansp. W e e o o

field in value anl direction will be deteramined by the diagonmal of
rectangle (Fig. 2.12).

Ragnitude of vector the resulting magnetic field is sxpressed

H=OR:VO—Z'+OB'=
=V H . cot+ H

I wixe

sin* @, (2.14)
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A“A’
fp its dirsction is determined by the angle F of vector 4 with
standard to the plane of first field coil I, which coinciles vwith

magnetic field |}, wsoreover

OB — HII MENC tin8
BO=53=F, - cor

(2.15)

Hy yane €08 [

Let us make the further assuaption that

H

e HI make™ 1t wake T Hunuc-

Then accordiag to (2.14) and (2.15) we obtain that the resultiag

magnetic field H=/lluu does not depend on angle 0 and that

tgdb=tgh OF b=,
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Pige 2.12. Addition of magnetic fields in goaiometer.

Key: (V). Searching coil.

Page 10.

Consequently, vhen making these assumptions the magnatic field
strength within goniometer on depends on the direétion of incident
vave. Direction of the magnetic field camposes with standard to the
plane of the first field coil of I goniometer accurately the same
angle f, which coaposes the direction of the arrival of vave vith the

plane of antennas 1-3.

If one assumes that field within goniometer unifaca, then of esf [

induced in search coil, will be proportional to the resulting field

H, multiplied by sin ( F - a), where a is the apgle hetvean the
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standard to the plane of the first field coil amnd the plicne of search
coil, calculated according to the scale of goniometer: (F - a) - the

angle between thes plane of search coil and the direction of the

resulting magnetic flux (Pig. 2.12), 1i.e.

E" == kH Sln (‘l' - C)' (2- ]6)

vhere k - the proportionality factor, depending on the paranmeters of

goniometer.

In goniometric to systea instead of the pairs of spaced antennas
t-3 and 2-4 it is possible to use the framework. Withoot being
stopped here on the theory of the actiom of goniometer vhich is
examined in detail in chapter 3, let us note that zerd >utput voltage
are obtained from (2.16) during the rotation of saearch coll through
angle a = 6. This position of search coil gives directly the reading
of bearing. The process of direction finding in goniometric systes is
obtained by the saae as vith direction finding by mounting method on
the brmaring of the rotatory antenna. It is possible to also carry out
long running of goniometer, applying for the indicatioa 5f bearing
the same reception/procedures as with that vhich is rotating antenna.
In other vords, goniometer makes it possible to carry out rotation of

cosinusoidal radiation pattern vith motionless antennas.

With the oth2r method of determining the bearing on the basis of
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the equations (2.12'), (2.13') of voltage U, and U,,, they are
asplified in two independent receivers (channels), the faztor of
asplification of whi~s 1s differing (by value and phase). The
intensive voltagas wi'l be feed/conducted to plate X aad ¥ of
cathode-ray tube (Fig. 2.13). The trace of alectron beam vill
describe the st:ﬁtqht line whose slope/inclination is equal to

v e a==1.

Page 31.

The position of the gloving line on the screen of cathole-ray tube
detersines directly bearing. This type radio direction finders they
are called tvo-channel. They are automatic. It should be aoted that
it is possible to carry out independent amplificztion of tvo voltages
in one receiver, applying the freguency, phase or tise sharing of the

voltages of channels.

In the radio direction finder with two nmnotionless antennas,
constructed according to aaplitude principle, is utilized usuvally the

sus-and-di fferenca method of reading 1.

POOTNOTE '. The sam-and-difference method of reading sd>aetimes is

related to phase-difference direction-findiag sethod. BNDPOOTNOTE.

T
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%{ Differential voltige froa one pair of amtennas, arrange/located, for
33 exaaple, as antennas 1 and 3 on Pig. 2.1%, it will be
%; Uv,=U,= j2Eh o' sin (mb cos B cos 6). (2.17)
r let us find also the total voltage
¥y
oL . . .
U,=U,+U,=2Chec*cos(mbcospeosh). (2.17')
' Bach of these voltages vill be feed/comducted to indapeniant
i

receiver-anmplifier channel. Both channels have identicail
amplification factors. In one of the chanmels, the voltags undergoes

phase displacement 30°.
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£ : fig. 2.13, Diagras of tvo-channel radio direction finder.

E, Key: (1). Incident wvave. (2). Receiver. 3
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ap Page 32.

i

% At the output of channels, ve will obtain the voltages of the

W

? ident ical phase, proportionmal U; amnd U, . Yolwages will be

-'5, feed/conducted to plates AW, and YU, cathode-ray 3

é ' tube. Inclination of the glowing line on dube face is equil to

7 ¥ 3

% tgaz==—=Ig (mbcosBcosh) 2

[ i

' _ & ==mb cos  cos 0. v
If ve count >ff angles not from the line of anteana location, »

“ -. but fros standard to it, then a = ab cos B sin 6. ’
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Angle @ is connected vith bearing 6'. If one assumes that the

angle p is knowa, then on angle a it is possible to find #°.

the application/use of a small separation of antennas, comspoaent
motionless pair, is inexpedient, since the rotating antenna couple or
goniosetric systes are sjapler in operation. Use by a mdtionless
antenna vapors acjuires sense vith large separation, since in this

case is raised tha accuracy of direction finding.

For the possibility of the realization of single-valued readiag,

the angle a must anot be sore v/2, i.e.,

mbsinly < 3. (2.18)

Last/latter condition with that vhich vas assigned b/) liaits
the sector vithin lisits of vhich it is conducted direction finding.
Prom expression (2.18) at the lov values of angle 8' the sector of
direction finding is determined from formula 28°¢ < v/2ab. Thus, this
direction finder is sector unlike the direction finders of other
types, which allov/assume direction finding within limies of 360°,
Taking into account this property, it is expedient each of two
antennas to fulfill vith acute/sharp radiation pattera, as a result

of vhich i85 raised the interference shielding of directioa finder,
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are lovered interference errors it decreases the probability of gross

error due to sultiformitye.

i . lov values the angle 8' cam be desigaed oa the sbtaised angle
a by simple indexing into conversioa factar ko= mb cos B, latcger
than ynity. It is easy to see that the coaversioa factor is led to aa

increase in the accuracy of direction finding.

Page 33.

In conversion factor enters the angle of the slope of a froat of
wvave. If in calculation is undertaken the value of angle 8, different
from its unknova to us actual value, in the deteraination of bearing
ve ¥will obtain high-altitude error that it corresponds t> the overall

considerations, expressed in § 2.2.

Phase-difference direction~finding methods.

Let us examine the applicatioa/use of phase-difference methods
in radio direction finders with the rotatable antennas. Lst one of
thes (motionless) be arrange/located in the begisning of coordinates,

and the second (rotating) - at a distance r from the ficst antenna at
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an angle & to initial reference line.

The strength of field and the proportional to thea voltages in

tvo antennas in question will be

Ul = hDE'I = /l,Ee",
U, = h,E.. = /l,Ee“e-l." corpcos(d— ".

A phase difference of stresses U, and U, is egual to

4
$p = mr cos g cos (I —1).
ILn this type, direction finders is utilized the dependence of :
phase on the angle of bearing. Por the determination of this z
dependence, the second antemna rotates on radiaa r with aagular %
. frequency 2, so that

The phase of stress U, relative to voltage U,
¢y =mr cosBcos(hf — 1) (2.19)

ptoves tc be that which is changing in time. Consequently,
differential voltage is aodulated on phase. It is known that phase
modulation can be exasined just as frequency. The deviationm of

frequency is egual to

do=¥" — — mrQcos Psin (Of -- 0). (2.20)
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The phase both of phase and frequency modulation cotrespoands to

beariag-

Page 4.

s el )

Receptor (Fig. 2.14) must contain high-frequeacy amplifier, the phase
either PN discrisinator, wvhich isolates the lov-frequency voltage,
proportional to changas in phase (2.19) or of freguency (2.20),
low-frequency amplifier and the phase imdicator from readings of
vhich is counted off the phase of output voltage, vhich corresponds
to bearing. This type direction finders they are called iirection
finders with the cyclic measuresent of phase in high frequency.
Instead of the rotatable antenna cam be applied the zsotionless

changed over antennas (see § 8.8).

In the case of motionless antennas, it is pogsible t> utilize

antenna location in accordance vwith Fig. 2.11,

The voltage >f each of the antennas individually is amplified in
independent receiver-aamplifier channels, vith accurately ideatical
phase responses. Is conducted the measureseat of a phase difference
in output potentials first and second chanmels 13 ~ami on the
output of the thicrd and fourth channels rros expressions

(2.11) it follows that
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= 2mbcosfcosf (2.21)
and-
a0 = 2mb cos Bsin 0. (2.22)

According t> these data can be found the angle ¢ (anml also aamgle

). Let, for example, in diagras be developed the voltages,

propottional to phases U.myy, and Uymey,,

Let us coaduct these voltages tc plate X and Y of cathode-ray
tube. The angular position of focus is determined by angls a,

aoreover

Conseguently, angle a = @ directly deteraines bazarinjy. Cam be
developed the diagras with the aid of vhich is deterainei also the

angle p.

O

Pig. 2.14. Diagram of radio direction finder with the cyclic

measuresent of phase.
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Page 3S.

Lf ve are tostricted to the applicatioa/use only of two
motionless antennas (fot example, ' and 3), available it wvill remain
only one of the ejuations (2.21) or (2.22), from which it is possible
to detersine 8, by assigning angle S. It is natural that the
determination # is accompanied by high-altitude errors, if assigned

impretise value of angle Bg.

With the larje distance betveen antemnas, appears the

multiformeity.

In radio diraction finders of this type for the tarjst/purpose
of an increase in the accuracy, is applied usually the large
separation of antennas, and sultiforasity they solve by the
application/use 5f the second systes (phase or asplitude) with a
ssall separation, that gives the single-valued (but less precise)

reading of bearing (§ 8.7).

According t> this same principle it is possible to construct the

"gultivave™" radio direction finder, which allovs sepacate direction
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finding of several (with four anteanas of two) cohereant vives, vhich
operate on it simultaneously. As already amentioped that in this case

strongly becoaes complicated receiving-indicator equipment /device

12.15).

Above are examined two fundamental direction-finding sethods:
aaplitule and phase. On the first of them, the phase dependences of
electromotive forces in antennas on bearing are coavertel into
amplitude (radiation pattern) at the input of receiver. According to
the second method, phase, phase relatiomship/ratios are retained
before leaving of receiver-amplifier equipaent/device whare is
conducted the aeasurenment of the phase, vhich determines bearing. Is
possible the application/use also of the aixed methods. According to
a phase-asplitude method the first cascade/stages of recasi ver work in
phase soda, then produces the transforsation of phase dependences
into asplitude, usually using sum—-and-difference method. In
last/iatter stages of receiver-amplifier equipeent/devica is
conducted the amplification with the
preservation/retantion/aaintaining of asplitude dependeaces. The
seasuremnent of bearing at output is conducted op amplituis indicator.
In asplitude-phase radio direction finder the coastruction of
receiver-aaplifier equipment/device the same as in asplitude, but for
the indication of bearing output voltages are converted into the

voltages vhose phasgse depends on bearing, and is utilized phase
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indicator.

Page 36.

2.4, Brrors of ralio direction fimder.

In §§ 2.2 and 2.3 vwere examined common/geseral/total principles
and the ma2thods >f determining the bearing. In geal conditions the
vork of radio direction finder, is feasible a whole series of the
factors, vhich make the vork of radio direction finder vorse and
calliang the errors in the determination of bearing. The analysis of
the reasons for these errors and methods of their elimination or at
the vorst of account during operation represents one of the most

important gquestizns of the theory of radio directiop finler.

All errors, which are encountered with direction finling, it is

possible to divide first of all into errors systesatic ani randos.

Systematic errors cause offset of bearing from trae lirection in
radio station. Determinatior in this case can be very evenly the

direction of bearing it proves to be inaccurate indepeadeat of

accuracy of reading.
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Systematic errors can in principle be removed by the appropriate
calibration of dicection finder, i.e., by the prelisiasary
detersinatjon of its ercturs from knovn statious and by ths method of
the direction finling of the local oscillator, and by the subsequent
introduction into the readings cf the correspondiag cocrections.
However, the reasaons for errors, as ve will see further, are so/such
numerovs and diverse and fregquently so they yield wvith difficulty to
account that inm practice the fulfillment of this calibration is
impossible, and the introduction of all numerous corrections sould
completely hinder/hamper the use of a radio direction finder even of -~
pl to calibration. In viev of this the systesatic errors asust be as
far as possible resoved in direction finder. Only the celatively
small errors whose regular dependence on very a fev factors (one,
maximua of two, f£or example, from azizuth and fros frequency) is
accurately establish/installed, can be removed by calibration. The
part of the systesatic errors, vf the not removed and mot considered
in the form corrections, enters in the random errors of radio-

direction finde:r.

Random ercocrs are led to the oscillations/vibrations 5>f bearinmng

in time, moreover usually are observed the rapid, slov and very slov

ogcillations of bearings. With the very large nuaber >f >bservations
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to one and the same radio station, undertaken for the vide interval

v of time, average/sean randoa ercor is equal to zero, since

divergences to one and in the other direction are equiprobable.

E

Page 137.
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Hovever, in practice the averaging ot all oscillations not is alwvays

ERR

possible. The rapid oscillations of bearings are averaged into the

" "“W’WF”"""""‘“”‘“‘F‘*'WW< ;

shorter time intervals, than slow ones, and therefore tueir averaging
: is rcalized more frequently. An error in the single observation

: deteraines the practical accuracy of radio direction finder.
Therefore the random errors of proper to be brought to> ths possible
ainisum. Random error is ratesestimated tt average/sean Jquadratic

angular error.

Besides the given separation of errors into randos aand

systematic, there is separation according to the chartacter of their

calling reasons.

Reasons, the calling errors of radio direction finder, can

consist:

1 1. In operating principle, diagras, the construction of radio

direction finder or separate, its parts and in an inaccuracy in the

Lumm i st s el n e - et bRl e s s <ot Sl T Dbt tind addRR LRI A Qe B et kbt Ll el B m_mm.wm..mmm.m..m -
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aounting of external equipsent/device. The errors of this kind are

caused, therefore,

by the properties of instrusent itself. We will
call them instruament errors. Among them special place occupies the
phenomenon, called antenna eftect (see § 4.2). The pact of the

instrunent error can be referred to the systematic errors of radio

direction finder, another part - to the very slovly charjing randons

@rIror..

2. In effect of heterogeneity of surface along vhich is
propagated electrosagnetic wave (coastal effect, affect >f reaote

N environment). This component of randos error changes very slowly.

3. In phenomana, vhich occur during propagation of

A ok IR

4
4
%
electrosagnetic vaves (change in plane of polarizatioa, deflection of %

i

? path of ray/beam froa arc of the great circle, arrival to point of 3
3

reception/procedure of several interfering cay/beass). i

As ve #ill see further, the different aercors of the propagation S

i

of wvaves cause the rapid and slov oscillations of bearings. §

8|
i
i
i

4, In effect of different kind of those vho lie near by antenna

of system of object/subjects: antennas, v'res, metallic masses,

trees, structutes, hills, etc.

dae deemnms

A o e e
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Pege 38,
S. In subjectivity of reading of bearing.

Subjective eccrors depend on a nuaber of factors amnd first of all
on the degree of the indeterminancy/uncertainty of the reading of
bearing, for example, on clearness and stability of aimisum or
maxisum of sound in telephone with the auditory readinjy >f bearing,
og width and stability of the strip on which is counted off the
bearing in automat ic visual radio direction finder and, etc.
Different observers or one and the 3ase observer, countinj off
several times bearing to one and the same radio station, they will
give the completely not coinciding readings, more or less differing
from the true bearing. Magnitude of error ion the separate
observations the jreater, than more the oscillation of bearing, the
less deterained those sign/criteria on which is counted >ff the
bearing, for exaample than it is more diffuse, is wider the minjimum of
audibility with auditory direction finding oo the sinimum, is vider

and more unstable strip with automavic bearing.

Let us examise first subjective errors independent of the
reasons, calling thea, since the character of these ercors does not
depend on that, by which precisely reason they are caused.

Subsequently let us pass to the examination of other enuaerated

|
|
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j
3
]
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i
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reasons for etriors, determining for each of them value and the
character of systamatic errors and the degree of their effect on

clearness of the reading of bearing.

2.5. Relationship/ratio of the pover of signal aad interferences at
the output of receiver.

Pover of interferences at the imnput of receiver.

The 7alue of the subjective errors to high degree depeands on the

noise voltage and interferemces, which sask signal and vhich impede

the reading of bearing.

For the target/purpose of analysis, it is expedisnt to divide

intecferences and n>ises into two foras: 1) ianterference and noises

vith wide continusus spectrus.

page 39.

¥ithin the limits of a narrov band of frequencies, passed by

receiver, the spectral density of their powver can be coasidered
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constant, and total powver is of egqual to the product spectral

L= 4 §

dengities and banl !; 2) interference with the narrow liae spectrus

of frequencies.

FOOTNOTE ¢. Here one should understand effective passpini. Por the

?Q-H sajority of selective systems, effective band by approximately 100/0

%;? ! is more than passband at the level 0.7. ENDPOOTNOTE.

P

gg fhe ficst fictme includes space, atsospheric, some man-sade

%1 interferences and the inherent noise of receiver. 7o the gsecond - the

éf interference of radio stations., The interference effect of radio

?' d stations is examiazed into § 2.12.

é Let us examine the interferences of the first fora, shich on
their orijin are divided into external (atsospheric, industrial,

; : etc.) and internmal, caused by the fluctuations of current in the

% _ antenma, the duct3, the tubes and other cell/elements of receiver.

s ooa

; The level of outside interferences and their spatial

é distribution strongly depend on time of days and year, latitude of

E" place, frequency and gseries of other reasons, exaamjinesconsidered in

the courses of radiovave propagation. To evaluate average
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relationship/ratios, ve let us assume that the interferences come
evenly froa all sides and let us estimate their inteasity with a
spectral density >f the strength of field of A. Value A depends on

factors indicated above. The power of outside imnterferences at the

input of receiver coaprises (3.1)

Aw?
m= AR,

% 2.
28, (2.23)

vhere B is a passhaand;

h,-the effective height of antenna;
R; - radiation resistance;

v - afficiency (efficiency):
D - directive gaim (derictive gain).

Internal noises, which appear because of the fluctuitions of
current in antenna with effective resistance 'R,. are chacacterized by
spectral powver density k7', wvhere k = 1.3010 23 J/deg is Boltzmann
constant, T - abgs>lute temperature. The ratio of the total power of
icternally-produced noise at the input of receiver to the intensity
of the noise, caused by only one antenna resistance, he is called

factor of noise N. The iptensity internal noises is egual to

Lm-ﬂ- LAM;-L\..L ; e itrard N JRITI. T, SYVUI T WRPRTPLTIE PRSIV IOR = 7 DL R izl & oMM L ot
Al i S AU b (taat] o Bt aem s el WIS
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P, =NKkTB8. (2.24)

g+ il

Page 40.

'1.l !_

Inhereat noise level at the.input of receiver they 2bharacterize

At -,

also by absolute receiver seasitivity - by that stcength of applied
field vith vhich is created the voltage on input, it is equal to the

effoctive value of noise voltage. From the determinatiosn 2f absolute

. PPURAEINp/ oL Gy
TR B ek
o

sansitivity, it follovs that

»

Elo h? 3,42 R
4;‘. ="4':T'7C=Pm=~kr8. 'u. Ru=‘.n£‘~ (224')
C A )
After using the known relationship/ratios: for syssetrical anteana
(3.1
120m143
Rz'—'; 1 X0 ] -
for the grounded anteana
240ah?
A A=~
ve vill obtain the expressions of absolute seasitivity foc E

syssetrical and asymmetric antennas respectively:
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(2.25)

Cmnx8 {/LVCJ

The total pover of external and internally-produced noise will
be equal to

Prow= P+ P
§>‘ Let us find the stcength of the applied field, vhich creates the same
f\ pover as total power Puow. Let us call/name it the poise field
§ ' intensity
§ 6 _— '_m;l-_“_]’fr___,/ L +F_,,. (2.26)

The noise field intensity decreases during decrease ian N and A,

with ap increase 1lerictive gain and efficiency, and also with the

g

contraction of the passband of receiver. The question concerning the

% ' advisable selectiosn of passband is examined into § 2.v.
Page 41.

Absolute sensitivity can be improved (i.e. value [, is

docreased) with an increase derictive gain (D) aad ottlcloncyhﬂ
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é antenna and dvrinj a decrease in the band (B) and in the factor of
; b the noise (N).

Calculation of these values is givea in chapter 7.

L Prom foraula (2.26) it follows that a deocrease in valee E.cc

has littla effect on that which results intensity of the [ (eld of

interferences, if by means of selection N and 7] achieved reached

considerable excess of outside interferences above its owan, i.e., if

In the examination of this relationships/ratio, ona should

N )

consider the pinisus level of outside interforences, vhich can be aet

uader the actual conditions of the work of radio diractiomn fimder.

The relationship/ratio of the intensity of signal ani intensity
of noise at the oatput of the receptor depends on those
transformations, by vhich undergo the signal and noise. Is the
examination of these transformations, one should distinguish the

linear and nonlinsur cell/elements of ths receiver.

Sl dealUand L L teba B i o o kol kb Sl 2 s RN 2.t IRl i -t telX 1

Relationship/ratis> of the pover of signal and interferences at the

ot Aadidhnt Wil L 2 e

output of the linear part of the receiver.

At 2 20l aakt ot tan s whae . es s a
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The linear cell/elenents of receiver include the feelers, which
filter circuits, amplifier stages, and also frequency converters and
synchronous detectors. The usual detectors, vhich isolate the

aodulating voltage of signal, are nronlinear.

%
-
B

E

ra

+ After the passage of linear cascade/stages, the ratio of the

4

i pover of signal to the intensity of noises on output is equal to the

' same relation at the input:
» ‘, Pesus D P_‘_A 227
. ‘L‘ I)m lul=ﬁ;=§|m8' ( )

vhere B is the resulting passband of all linear cascalasstages; “u i

the spectral noise deasity at input.
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Page 42,

If separate cascade/stages have a band, By, B, and so forth,

then the resultianj passband approximately can be found by the formula

from which evident that the resulting passband is detarmined in

essence by the narrow-band cell/element.

The intensity of noise at output does not depend >n the
distribution of s2lectivity between the cascade/stages of receiver in
its linear part (high-freguency aumplifier, the IF amplifier and so
forth). however, luriny the incorrect distribution of selactivity, is
possible the overloading of cascade/stagas by noises >r the
interferences of sther stations, the disturbancesbreaklown of
linearity, the onset of combination interferences and bearing errors.
These guestions are illuminated in the courses of raiios raceiving
equipment. The effect of powerful interferences on the errors of
twvo-channel radio direction finders is examined into § 8.3.

in formula (2.27) are not taken into account noise 3durces,
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available in receiver after its input: tube and the seaxiconductor
devices of the subsequent cascade/stages. The amplification of the
first cascade/staije must be selected so that the nrcise vol tages of
the second and of all suhsequent cascade/stages woull b2 negligible

in comparison with the intensive noises of the first cascide/stage.

Relationship/rati> of the intensity of signal and nois2 at the output

of detector.

In nonlinaar cell/elements it is necessary to examin2 together
the passaje of sijral and noise. This question was the object/subject
of the number of special investigations [2.2, 2.3), t2 which one

should turn for a cosprehensive study.

Will be here given only the short approximate rasults, in the
majority of cases sufficient tc evaluate vworks of direction~-finding

Systems.

Page 43.

Let us designate the effective valu2 of the voltaje >f sigral

carrier frequency on the input of detector U, and th2 =2ffective
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value of noise voltage U If the passband of the fraquen:cies of that

part of the receiver, which precedes detactor, Bs and spectral noise
density (on voltage) @Buw. then
U == Ru v/ B
We examine the signal, modulated in ampljitude, with the depth of

modulation K. At the ontput of detector, we will obtain stress

component modulation frequency, caused by signal with 2ffactive value

Ui aurv.and the spactrum of the noise voltages, caused by the interaction

of the components of noise between themselves and vith sijnal. The
effective value >f the noise voltezge within the limits of the
passband B, of the filter, following after detector, let us
des'gnate Uwawr The ratio of the voltace of signal to noise voltage

on the output of the square law detector is determineld by the formula

Uesnr )/ B s . (228
Umous Y ¥ 35, 1// Mf+£§2/|_lﬁ1>
1+ 2 QU:: \ 2iia

It is here assumel that 2B,< B, If 2B,>B. then into f>tmila one

should substitute unity for the relation 28,8.,. In th2 =ajority af

cases 28, «€B, ani in Jdenominrator under radical sign it is possible to

disregard ;2} in comparison with unity. The iepth of md>islation M is
usually lass thaa unity, wnhnich makes it possible to disc2jard the

term N2/2.

Formula (2.23) 1is derived on the assumption that tha freguency

characteristics >f the predetector part of the receiver are

b
B T N P T R I TTT Ty o Ty e 1 F - R TN P TP TR TN WO IV TPV I ORI
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rectangular. Invastigation shows [2.6] that the form of
characteristic with constant passband insignificantly affects the
relation >f the voltages of signal and noise on output, Trherefore to
admissibly use formula (2.2B8) with any form of characteristic,
especially because the rectangular characteristic detaraiizes the

lovest sense of tae voltages of signal and noise,

Irn tae case >f linear detection of formsula, they are obtained

pore comglex,
Page &4,

Hovwever, it is pdssible ¢o show [2.6) that the results of linear
detection differ less than by 70/0 from the results 3f sjuare-law
detection in the identical senrse of the voltages of signal and noises
on the input of Jetector. For this reason to admissibly use and for

linear detectionr formula (<.28) or its simplified foram:

hlil_ - g_‘:_ _I_‘-_ ____l.__—
Umwour M U l/ fhu— / ——(;,2:' (2.29)

St g

with poverful signals U,>l, the second tera unlaer radical in

denominator can b2 disregarded and then

Uesue __pqUe 1/ 0 Y MY (230
Ulll [ 5 —-MUI" Vm-Mé‘mV2H.. —'_MU'm ! ( ’ )

where (!, — 3,V 28, -1S the effective stress of noise on the inpu* in

passband 20,

1
é
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p
i
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The relatiorship/ratio of the voltages of signal anl noise is
determined with powerful signals exclusively by the passband of low
pass filter, in this case it is assumed that its passband already,

than the half of the passband of high-pass filter. With vary wveak

signals it is possible in exp  ion (2.29) to disregarl inity in
U?
cosparison with ;-
272
52 . —— 2
Ue aus - 9 L_IC B'_ - —ﬁhll:‘___—l - Q
b=V I i =V M e (B30

In this cise the relationship/ratio of the voltayges of sijnal ani
noise on output 12pends to identical degree on passbands 3n high and
in low freguency, this relationship/ratio proves to be inverselv
proyoer+icnal €5 sjyara oot of certain eyuivalent band, ejual to

geometrical mean from passhbards in hi: and lou frequancy,.

Page 45.

2.h. Selection of passband.,

vaxinua passbani 1s deterwsined by that navigational infoarmation

which will hear the <ignal. ope s:ould distinguish s23arzh, either the

3
!
|
|
|
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initial determination of beariny, and tracking, or th2 coasecutive
determination of bearing with the motion of the oriemt23d radio
station., During search the signal rust he reveal/detecte] in certain
direction for time 7, wvwhich is assigned by the duratiosn >f signal or
by the conditions of work. In systess with motionless anternnas, the
signal is detected irdependent of its direction and passband must bhe
sufficient only for providing the coamplete establishment 5f signal
for time Tw. It is krnown that the passband is connect2d vith set-up
time by the relationships/ratio

B =~ _rl_- , (2.32)
which determines required passband. In systess wvith the ro>tatable
antennas, which possess directivity, the retention time >f signal
vwithin +he 1imits o€ the mainr lobe of radiation, which has equivalent,,
will comprise

= T;:: (2.33)
and the passband, wvhich ensures the establishment 5f sijnal, will be

8l

Here 7T, is taken as equal to the period of the rotation of antenna.

Actually passband must be vider, since usually singla jst2ntion

insufficiant.

Tt2 comparisin Hf foraulas (2.32) and (2.34) shows that the

passhband and, consequently, also the intensity of nois2s3, is

considerably abov2 i1 *he case of *he rntdrable directed svysten,;
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¢
1 however, aven, th2 puwer of signal, which can be extractz23] froam the
.U
; incident wave in thir case, is above, since it is praportional to k. -
' n. d. Since here is cxamined the effect of directivity only in 3
1 k-
i horizontal plane,
4 o
1‘ Dr‘——_“'_.
P Page U6. :
The ratio of the oover of signal to the intensity of nois2 will be
' proportional
. Dr
. : N T,

for both systenas.

With trackinj the moved target/purpose, the rate of the 2
establishment of processes in receiving indicator must ba sufficient ﬁ
in order to reflact changes in the bearing. If are assigned the
permissible error of mcasurement &4 and angular rate 16/it, then time
of the determination of bearing in any position of objest must not
excerd 4/{d0,/3t) and, therefore, passband must be not less than

B i (2.35)
A greatest change in the bearing of the object, which as>vas at a rate
of v at+ a distanca 31 fros direction finder, will be when rate is

perpendicular to line of bearing. In this case k'

d0 v

df TR
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and formula (2.35 can be rewritten in thke forn
I ¢
Bsrﬁ.
Substitution the jiven formula of the asost unfavorable vialues of the
entering it quantities shows that on the basis of the rate of

processing about bearing is admissible the applicatian/us2 >f narrow

passhands of the >rder of the units of hertz.

The virtually used inr radio direction finders passbands
frequently are considerably wider, which is explained by the
technical difficulties of the tulfillment ot radio direction finders
vith very narrow passband. These difficulties first oE all are caused ﬁ
by swinging of na2terodynes and fil*ering citrcuits of reczaiving

indicator, and also *he ygenerator of transmitter.
Page 47,

Swinging leads fi:st of all to the need for frequency seatch with
tuning within th2 limits of certain band of frequencievs f, Dbesides
search examined above azimuth., In the thaory of frequenzy search, is
known relationship/ratio [2.1]

Fu .”
13-:/°:". t

vhere » is tima2 >f observation.

Jtilizing (2. 33), we obtain

1/ v 90
B = 1/ 9, (2.30)
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The band, deterwiaed by formula (2.36), can be coansidaraoly wider

than determined by formula (2.34).

Gt

In some systams of radio direction finders (two-channel,

phase-meter, 2tc.) the detuninyg of receiving indicator relative to

signal fraquency

[

>r the detuning of its cell/elements of relatively

each other leads

eI B

to the onset of the errors wvhose valu2 jJrov/rises

ther conlitions being equal,) with the contraction of passband. This

-

fact also forces to apply passbands wider, than maximua parmissible.

Ko

These questions are examined in more detail in chapter 8.

In the case of application/use at the input of th2 raceiving

N RS TIE Rita T T NGRS e TR Y
. o . .' =

indicator of local modulation, wide passband is required osnly in the

cascade/stages of the high and intermediate of frequencias (to

detector). Passbiand in low rfrequency (after detector) can be

o e ETRT AN BT T

undertaken narrow in accordance vith asymptotic relations

-

(2.34),

(2.36) . During the intecrference level of this circuit, sae should

5 consider the effact of detection on the relationship/ratis intensity

TR WRT ), S R

:

of sigrnal and noise - wvwith weak signals unfavorable (see § 2.5).

In certain cases for simplification in the circuit »>f

equipment/device, it is desirable to realize reception >f

. g e e T A

i
E
$
4
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supplementary information (identification sagnals, official calls

etc.) on the same receiving channel vith the aid of which is

fulfilled the dic2ction finding.
Page 48,

The passband, rejuired for this (for example, with telephony), can be

considerably wider than with direction finding.

2.7. Sensitivity with the reading of bearing on the miniaua for

audition.

When the output voltage of signal during the rotatis>a of antenna

falls belowv known value, coperator's eyes/2ar ceases t> 1>22pt s5ignal

as a result of th2 masking effect of noises, Let this 31isappearance
of audibility occur within the limits of angle from 6 - 8, to 6 + 84,
where 6 is the true bearing. The angle 26, within which is not

distinguished th2 aulibility in telephone during the rotation of

antenrna, he is called the angle of silence 1,

POOTNOTE t, Th2 sibsejuent conclusion/der ivations are valid in the

3
:
i
i
3
1
i
i
i
i
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i
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case of antenna 2ffect when audibility with direction finlinyg

completely does not disappear, but is observed the angl2 >f the egual

to audibility. ENDPOOTNOTE.

Deternining bearing for audition, we can establishs/install aantenna in
any position within this angle., Conseguently, a maxiasua arror in the
determination of bearing is equal to 64. The reading 2f b2aring
somewhat is more precisely formulated, if ve find the boundaries of
the angle of silence and then to accept for bearing thaic average
value. As a result of the indeterminancy/uncertainty of the
boundaries of the angle of silence, the possibility of error is
retained also in this case. An average (in absolute valu2} arcor in
this detecmination can be accepted on the basis of experimental data
as the equal from one eighth to cne fourth of the angla >f silence
depending on the 3kills of operator and time, spent on the

fulfillment of reading.

Let us find the dependcnce of the angle of sileaca 231 noise
level at the outpat of radio direction finder. In this case, by
account the physislogical special featura/peculiaritia2s >f hearing
aid. Audibility is vroportional to the logarithm of th2 pover of
sound. If Py is the power, which corresponds to threshold of

audibility, tihern audibility will be (in 1B)

L= 10lg F/’-,
[}
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In radio liczction finders they utilize beat receptisn with the

aid of the heterolyne, voltage on detector from which considerably

exceeds as voltagzs of signal, so, and noise voltage. The process of
detection (frequency conversion) under this condition it is possible
to consider liunear and the relation of the intensitiss >f signal and

noises at output 2qual to the same relation at input.

Page 49.

Net vover, 3=veloped with signal at the input of receiver, is

equal to

En?
Po ==gg= nF* (),

where F(0) ~ the standardized/normalized radiaticn patterCn in

horizontal plane.

The powvwer of interferernces was determined by formulas (2.23) and

(2.24*'). The total power of signal and interferences i3 sjual to

h?
P= P+ Puox == |E'F* () + B, | {5,

Let us select the beginning of the calculation of the angles of

rotation of antenna so that with 0 = 0 F(8) = 0. When antenna is

located accurately in initial position @ = 0, audibility is equal to

Efout?
Ll= ]Olg 4R;ﬁ:-'

i v B LR ek it

adan

i

st 1k bt 1t R § M 0 A S e

; . \
ki ies 8 vk v L AL b b i sl e

Ll

m-umu.m‘u N



DOC = 77223203 PAGE 33 7]

. During the rotatian or a.tenpa through smali angle 65, th2 audibility

vill become equal to

Epo + ETFY0)) 4
T 4R. P, A

We hence obtajia an increment in the audibility
K1 (9,
AL=L,—L,=IOIg[l+§—'ET"—l].

Ly=101g

il i bk MR it e ki s B AT amwm

nom

'“ e, o W R
e

1
Considering im last/latter expression the seconl tzara under log 2
E sign spall, approximately ve obtain .
2 j
j oL =43¢ ZL () ;
E i nom
P ot §
3 BL Caow - 3
E ‘{ "E= E|.¢= '/43: Fify " 2.37)
E ' Page 50.
. The obtaineil strenygth of field E, determines the real

sensitivity of radio direction finder, i.e., that streajth of fielil

wvhich is requirel for the reading of bearing with the ercor, which

does not exceed the assiagned mannitude.

B Ta . ~abadi ot R Ok i nbl

Being given any increment in the audibility AL during rotation

Maataaalul Lalialed

by the antenna of system throuyh angle 4, trom the position of

bearingy, it is prssible from formula (2.37) to calculate the required

strength of fiell.

For Jetertining the instrument/tool sensitivity of radio

direction finder, i.c., sensitivity in the absence of >utszide

i aattac ot el . o e R
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% - interferences, it suffices to place A = 0. In this casa, Ejon=LEasc and

?A the instrument/t231 sensitivity

«.’( - . .—ATE.Q: M
B =V 731700 (239
o Por the small values af angle 6,, only and being of interest in

A,

QJ practice, with direction finding on the minimum, taking into account -
* that F (0) = 0, the value of function F(645) can be prasented
§ ; approximately in the fora

o F (1) = F"(0) b,

After substitutiay last/latter expression into formulas (2.37) and

(2.38), w2 will obtain

i
i“l 8L oL E
8L Cuow —_ oL Laae 9
. Evz‘/i.ﬁi W' E‘“““/a.& 9,77 (0) (2.39)

Hearth AL is hara understood the minimum jncrement in the audibility,

b

. detected by eye/ear. This value depends on the subjective special

i features/paculiarities of observer, passband of receiver, ibsolute

sound intensity, pitch of the tone and other factors.

Fxper.mental data show that at averige value AL lie/tests within
liﬂifs 0.5-1 dBo

e

The angle 65 on boundary of which the signal is i2t2-ted that

during th2 rotatisn of antenna, it is equal to one-hailf angle of

it e aem = =

silence and detercaines the accuracy of reading of bearing.

Let us acceot as an example the permissible reading 2rror 0.59.

£
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Since a readiang arror comprises (0.12-0.25)28,, the angl2 of silence

must be 2845 = 2-43,

lnder these assuaptions froe (2.39) the real sensitivity of radio

direction finder vwill be

?3
|
3
4
%
Page 51, %
i

By - (10+ 27,5) Faoe

a the instrumant/tool sensitivity

Eas.

B = (10 + 27.5) -

Shin ;o0

From this exaeple it is evident that the instrument/tool and

o

real sensitivity with the assigned recading error oscillat3s within

sufficiently widse limits dependinyg on observer's subjective
qualities., Por th2 possibility of the objective comparisaan of radio
direction finders, it is possible *o standardize AL and 3, with the
assignel accuracy of reading of bearing. Then instruament/tocl and

real sensitivities (ll., and [5,) become completely deterainad, since

absolute sensitivity, the noise field intensity and raiiatiosn pattern

are determined experimentally objectively.

From exprassions (2.39) it follows that the proiuct of the angle

of silence by the strength of field is a constant valua2 for this

direction finder and the assiyned wavelength:
_Al-’- Ellﬂl
My =20E, = 2 /4,34 oy
3L ..
AT

Lt 8

My —= 204E - 2

L.u M;uﬁL‘u T o T T PV UROr- T WSO ARF GUBTY T FTEF YW SRS FETT-Ve PRy BAPINIRTORRY S B L - YR IE RItRTE
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Accepting AL = 0.5-1 dB and expressing angle 6g in dejras3, ve obtain
M, =(35+55) %'{5; v M= 35+ 59) '—3,%}%,,-
The product »f the angle of silence by the strength of field
calls respectively the real or instrument/tool module/adlalus of the
sensitivity of radic direction finder and frequently they accept as

the measure of its sensitivity.

During the experimental determination of the module/sodulus of
sensitivity, finls the value of the angle of silence it the aeasured
strength of the f£ield of signal. The definition of the aajle o¢ ;
silence, as has already been indicated that strongly it i2pends on
observerts subjective special teature/peculiarities, what is an k.
essential deficieacy/lack in thke applicatioun/use of a md331le/podulus
of sensitivity as the measure of the evaluation of the sensitivity of

direction finder.
Page 52. ‘;
Let us use the yiver formulas to radio direction finler with

sinusoidal raliation pattern (loop antenna, tvo spaced vertical vire

antennas, the goniometric system). :
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;{ X Radiation pattern and its first-order derivative will be 3

F(ij==sinh, F (0)=cos},
with 9 = 0

E3

2 FO)=l.
2{ Then for sensitivity and for the module/modulus of sensitivity we E
k- obtain the expressions:

<

i Ep = (10 + 27.5) Enam,

. Ellu == (10 - 27-5) Endc-

. My = (35 + 55 Eyo,

- M= (35~ 39) Exge- :
ié -

2.8. Sensitivity >f radio direction findar during the u:

i
w
o
)

comparison methoi.

With direction finding for audition according to :-omparison
pethod, or as it 3ccasionally referred to as, according t3 equisigml
method, they revolve antenra systam, simultanecusly chinjying over any

cell/elem2nts, which change radiation pattern (for exampl2, see Fiy.

2.7 .

Bearing is read in that antenna position of system, in which th2

audibility does nd>t change duriny switchings.
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Figures 2.15 depicts to the Jependence of voltage U,, removed

vith the anten >f system, from angle 9 in tvo positioms of 1 and cf

2 switches.
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Fige. 2.1%. Displaced radiation patterns, utilized with comparison

method.

Page 53.

The positions of switch corresponi to the displacesent >f radiation

patterns to angle 6.

Letters a, b, ¢, 4, e, f designated the points at which is
satisfied the coniition of the equal to Auaibiliry. As ~3n be seen
from figure, there are many such points, which leads t> the
indeterminancy/unzertainty of bcaring. For the exceptionsz2limination
of many readings, it is necessary to ensure single-lobe radiation

pattern or at laast to> considerably attenuate/weaken all minor lobes.

After selectiry as reflerence point the angle, which corresponds
to pcint 3 of the intersection of the main lobes of radiation, wve can
present the first diagram as F (0 + &), and the second as P (6 - 6).
Considering both li1ajrams symmetrical relative to straight lines ¢4

and -6 respectively, we can vrite

@)= F(--8)L
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Jue to inaccaracy in the determination of the equality of
audibility near point 4, can be obtained an error in the bearing. For
example, the eguality of audibilirty canr be determined not at angle @
= 0, but at certain angJle ¥ = 84. Magnitude of error depends on the
relationship/ratis of the voltages of sijynal and intecfecences on th2

output of radio direction finder.

The sensitivity of radio direction finder with iira22tion finding
accordiny to comparison method lot us call/name, as earliar, that
pinimum strength 2f field, which provides, the possibility of
direction finiiny with the error, which dces not exceed c2rtain

assigned magnitude 4fQ.

Por deteraiaing sensitivity, let uc find the total power of
signal and interfarences on the output of radio direction finder in
two pooitions 2f switch, which correspond to radiation patterns 1 and
2: .

, I
p| = pﬂ(lﬂ + E'F’ (I)O -+ 6) :‘R[— v

"3’7
pl= PI;UM + E:F. ("d - 6) sk— ]
4

vhere /,,, it is datermined by formula (2.26).

Fage S4.
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Ar 1ncreazent in the audibility during transition from position

of 1 to position of 2 will be

Enou + E'VF* (3, 4+ 2)
El A+ EF1 (8, —8)

BL=101g 5-=10ig (2.40)

1t is decomposed expression for a radiation pattern in Taylor

series, considering angle 6 small:
F(0,+4-8) = F {8+ 6,F (%),
F("o - 6) —:‘F(a) i OoF’ (6).
F* (g 4) = F*(8) 4- 2F (3) F' (8) 1,
FY(liy — 8) = F*(8) — 2F (3) F' (&) .

After substituting these expressions into equation (2.40) and
after using the formula of the approximation calculus

Ig :J_'—';- —0 868,

when x << 1, we will obtain
4L — 8.8 2L I3

Bl 4 Errgd)”
Hence ve find

s al - 2.41
El""l/l7,3b0./‘(5)F’(0)—ALF'(O)E""“' (=40

Last/latt2r exprassion determines the real sensitivity of radio

direction firder.

Ffor letecdiains instrument /tool sensi*ivity, let us place A = 0.

Then we obtain

- 1/ aL ;
Cuu = V L 08, F (&) = SLFT (%) Eae- (2.42)

Prop the d>htained expressions it is evidant that the sansitivity
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depends on the value of the angle 6 of the displacemant >f diagranm.

There is a optimun anyle of shift of diagrams, which ansures the best

sensitivity.

As an exampl2? of the application/use of the given formulas, let

us examine the circuit, presented in FPig. 2.7.

Page 55.

The radiatioan pattern of this system is determin23 by the

formula

. - cos® + nsinh 43
F(h=8) ~Virw {(<.43)

h“
vhere = ——
A

is relation of the effective height of framawork B ani

R S T I T T SES

A. Signs & in formula correspond to two positions of swvitc>h D, From

expressior (2.43) it is possible to obCtain

F(h=8)=sin(h=8), F(1_9) = ¢os (i1 == §),

vhere — i —_
cosd=nsind, tgd= =

n

. I
6:———"‘. C056=:.—.
sin Vit Yi+tm

After substitutinj these expressions with 8 = 0 into formulas (Z.01)

and (2.42), we find the real and instrumant/tool sensitivity

E"'—‘/ 8.688, sin 2"——AL sint} Eueom, (2.44)

Fase. 245
Euu“‘}/SGBO,ulni’d—ALlln'J ase o)

The strength 2f field E, and Euw have a minimum vith

j
|
i
:j
3
4
1
i
3
1
kL
3
3
i
i
3
k!
;
i
1
1
i
i
i
~§
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2 17.368, 1
1g Bons = ;7= =5
or with B {2.40)
_ AL+ V(8L + (17.360,)F
Ronr= 17,300, :

he minimum streagthk of field, which corresponis t2> the best
real sensitivity, will be, considering AL = 1 dB:

= - 2 :
Ev una == Epgy ‘/ Vitarsar—1 {2.47)

Respectively for minimua instrument/tool sensitivity it is possible

to vrite

= 2 _ 9
Eyu.unn = Eqec "/ Vg sy =1 (2.48)

Page Si.

Ir Fig. 2.16 is constructed the dependence C./Ewen o0 angle
equal to andibility 26, at different values of n and with AL = 1 d8.
In this same fiqure is represented the same dependence gi— on 248,

with direction findiny or the minicum.

From the fijure one can see that tha sensitivity wita minipum

direction-tindiny method proves to be above (Jh—less) at small angles

Enou
of the equal t> aidibility. At rthe large angles of the 23ual to
audibility, on the contrary, is more favirable the coaparison method.
This same conclusion/derivation can be ot herwise express21 as

follovs: in th2 large ratio nf ¢he strength of the field >f sigunal to

the roise field intersity for direction finding, is msre favorabhle

B S N e Y R P Y EAL S SR
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minimum method, 1in small ratio of the strength cf the field of signal

At
i

< to the nolse fleld intensity - conparison method. ¥
. P s
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Fig. 2.16. Dependance of angle of equal to audibility >n interference

le vel.

Key: (1). Miniaux method.

oy~

Page 57.

From the 2xasination of formulas (2.39), the relating to
direction finding on the minimum, and formulas (2.41 ani1 (2.42) for

an equisignal method folliows that in both cases with tha 1ssigned

A= 4

accuracy 2f readiny (A8) *the sensitivity of radio diraztiosn finder
depends on the following factors: the sensitivity of recorder (the

hearing aid of oparator), the slope/transconductance >f cadiation

patteirn n2ar the value of angle, which corresponds to the minimum of
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receptior, anid froam interference level. In the case of egquisignal
sethod, has a valile also the amount of the mutual displaca2ment of

radiation pattarans. The effect of lasts/latter factor was slready

examined.

The sensitivity of radio direction finder is improv23 with an
increase in the slope/transconductance of radiation patt2rn P' (6),
i.e., during the application/use of the highly directinnil antenna
systems. A defici2ncy/lack in such antenna svstems is an which is
inherent in them znltitude of directions of zero receptiz>a, which
leads to indeterainancy/uncertainty with the reading of bearing. This
indeterninancy/uncertainty car be removed by finding the nain lobes
of radiation of the sign/criterion of the greatest inteasity of

reception,

On saort anl especially on medium~frequency waves th:s execution

of the rotatable nighly directioral antenna systems is extremely
hinder /hampered 1lso in certain cases virtuall:y impracticably, since
the size/iimensisas of antennas with acute/sharp radiation pattern

Al

must be great in comparisor with wavelength.

The use of tae pencil-tean antennas in usual goniometric systeon
is impossible. Id § 3.11 are given the descriptions of the amethods of

us2 by a motionless antenna of systen with acute/sharp raliation
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pattern for direction trinding, With the shorrening of wava2length, thz
size/dimensions of antenna systens decrease also on ultra short
vaves, especially into the ranges of wmicrowaves, highly lirectional

the rotatable diraction-€finding antennas prove to be 2asily feasible.

For lowerinyg in the ;Sterference level both extarnal and
internal the passbani of thé frequencies of the receiver must be maje
narrowast possihle. It is necessary to ka2ep in mind that the
ef fective bandwiith, enteriny formulas (2.39) and (2.41), amust
consider the selectivity of tne hearing aid of observer. The
character of nois2 in telephone with the contraction 3f passband
changes, approaching the simple tore, whicn colncides with the tone
of signal, vhich impedes the discrimination of signal. F>r the
indicated reason thc passban? cof auditory direction finlzar can be
accepted by the approximately ey ual to 100 Az independeat of the

passhand of radi> engineering circuit.
Page 53.

The latter nevartaeless must be made narrowest possible for a

decrz2ase in the int2rferences from radio stations.

The ways of a deccrease in the resulting noise field intensity

are examined int> § 2.5.
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2.9, Senslitivity vith direction finding on the ainipua of the depth

of modulation.

Modulation 3f siynal whose depth depends on bearinjy, is reali zed
by the addition of the modulated voltage, which enters fcom the
directioral antenra, for example the framewvork, with voltage from the
omnidirectional antenna, see Fig. 2.9). The block djagcay of radio
directior finder is represented in Pig. 2.17. If B is strangth of
field, R,— the affectiveness of the framework, k,— the
effectiveness of antenna, Kupy and Ruy— the transmission gains of a
sodulation-amplifier ejuipment /device of framework and amplifier of
antenna respectivaly, /2% - modulation frequency, w/2¢ - signal
frequency, then at *the point of the addition of the voltages (at the
input of high-freaguency amplifier) ve wvwill obtain voltage from the

franmework
u, =V 2Ek, k.yF (4)sin Qf sin of

and voltaje from the antenna

Uy =V 2Ekyh,ysinwl.




WY LIRS

0 W PPTRETRETr I

w

poc = 77223203 PAGE <92- | 02

)

Panre

Yeusumens -
Nodyarme,
panxy ()

. s)
‘"}2"1" — vev —Jm(mmw -

YNy

- ]

l JVw,wmuZl r—l MgL’\é
enmamny!

Block liagram of radio direction finder for direction

Fig. 2.17.

finding on the minimum of the depth of modulation.

Key: {1) . Framework. (2). Amplifier-modulator of the frazawork. (3).
Antenna. (4). Genarator of L.F. (5). Detector. (b). Amplifier of

antenna. (7). Inlica‘or.

Page 509.

The total voltage

U=l Uy =

=/ TEkkyy {1 + ?k“ﬁ".—'; F () sin Q/J sin ol =

=V 2, (1 + Msin Q¢jsinwf (2.49)
is the moiulated »>scillation/vibration. The depth of mciulation,

vhich is the function of bearing, is equal to

M= 250 F () = MF ()
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Alorjy with 3ignal at the inpnt of a moaulation-amplifier
equipment/devize of rradework and amplifier of antenna, ¥ill operate

noises and interfercnces the spectral density (on voltajz2) &, and @m

Buy a]/z@,v+"0':' i
o= a0+, |

vhere 8&uy— the spectral density of inherent noise at thz input of a

respectively:

{2.50)

nodulation-amplifier eguipment/device of the framework:

Bua— the spactral density of inherent noise at th2 input of the

amplifier of antenna:

A - the spectral density (on the ctrength of fiall) >f outside

interferencese.

Inherent noise in the channels of the framework and antennas
originate from different sources and are statistically inlependent.
Outside interfaresaces with certain approach/approximation let us
examine just as stavtistically independent variables, in viev of the

fact that directional characteristic of the framework anl antenna

completely differant.
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The resultin] noise voltage and interferences on th2 input of

high-frequency asplitier will be Pqual
U=V @1+ &K 1By =

:k‘k.yl/[(cmp l)*_)hia+ un+£|_] . (2‘5”

where f,— the offective (is noise) passband of high-frcajuency

amplifier.

Tre relatiorship/ratio of the voitage of signal and nroises,
deterwined by formulas (2.4%), (2.51), will he preservai at the

output of linear high-frequency arplifier, 1.e., at the input ot

detector.

For deteraiiziny the relation of the voltages of signal and

noises on the outout of detector, we will use formula (2.29).
r o, BT F (8)
f;:uL_u:nLi,--y/,*_-f—:::-57n
Uy nwx nee s i U
L+

Substitution int> this formula of wvalue ([  and U,,, according to

(2.49) ard (2.51) gives

o “B.

U = Mo Vg7 X
Ny V?r’r@L~__h_ o
81——_’7-\— ~“'7-_’e"-‘"“&i N
np na H 2 np [IE Y
M+ - B M- ——¢+—— 8,
1/ \k v K =) +*\ AR A,

The low-frequency stress compunent of noise on output, dparating on

indicator, they will cause chaontic beat of the pointers whose

Comedd s
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. root-mean-sjuare a, value is proportionall,m. The vcltage of signal

vill caus2 systeamatic throw of pointer a, proportional U.. Observer
notes the throw of pointer, caused by signal, if it ast to20 little

o relative to chaotic oscillation/vibrations, i.e., with

vhere C - the co2fficient of discernability and in experimental data

is egqual to 0.5-1., for determining sensitivity, i.e., the minimun

. o~y
>

strength of field, which ensures a sufficient coefficient of

ER ai b e aaliod) W- "oy -
. -
Q
?|
]
a
»
£
"
|
O

discerrnability duringy the assigned divergence of the fraaawork 44

Rl Vas AT

froe the position, which corresponds to the bearing with which F (6)
= 0, 1s decomposel by F (8) in Taylor series, being linited to the

first, by the ‘ernm

B A IR il

F(m=10,F" (1),

vhere 0y, is small deviation of anjyle 6 from zero.

P rRTT ae 1 e

Page 61.

Let us designate

2By
. C ) )
* LA SR § (2.53)
‘/2 6,F'(0)

and is so.veu equation (2.52) relative to E
7—‘8:_ “[;2 \ ’ — e ——

LV L L 2 1 7 a1

i MG+ B (Ci+ Y cor Cimg ) va
Dr— RV E

mi )

e

let us examin2 th? offect of differcont factors on sensitivity. A

B T o h o A R T L i b
>
XY

e

Y,
Aok et b il LR b i




poc = 77 3 G
22320 PAGE <96 /GLP

decrease in the tirst factor under radical sign can be reached by an
increase in the effectiveness of the framework and antznna. Copying

this factor in th2 expanded/scanned form, we obtain

. 2
&t 2 Gfu Gf“p _4; 2 €ln 4"_‘.
F =S N
p

An increase ;, a2ad &k, is expedient until the voltagas >f the
inherent noise of the channels of the framework and antenna,
converted into the circuit of the framewdork and antenna, become small
in comparison vitn outside interferences, This conclusion/decivation
coincides with aaalogous conclusion/derivation for direction finding
in the minipum. With the predominance of outside interfarencaes, it is

possible to consiler that

L]
&y 8
-_Tl- = ] -
kp ky

Formula (2.54) will take the form

R i Vi+ M, C
E:ﬁ_'kl’ﬁzc. ‘/(I+Mo)(l+ ?1+( M s
P Mo
Pigures 2. 18 depizts the dependence of sansitivity on thr2 modulation
factor at the 3ifferent values of parameter Cg. The required strenygth

of field sharply descends with an ircrease in the modulation factor

up to Qg = 1.

Page 62.
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With the further iacrease My, is observed either ainimums € at the low
values C, or the 5low, smooth decrease E at the large values Cgy.
Hence it follows that is expedient to sclect My equal to 1-1.5. The
large values My, i1aving little effect on sensitivity, are unfavorable

in other respects (see § 3.1)a

With that which was assigned My the seasitivity is iaproved
during a decrease in parameter Cy. From formula (2.53) it follows
that for 1ecr2as> C, it is necessary to utilize the nacrowest
possible frequensy band in low frequerncy, and also, if this is
possible, to increase mutual conductance of directivity. Usually in

this type radio direction finders F (#) = sind and P* (J) = 1,

The given results, obtained on the assumption that ocedominate
outside interferences, retain their value also for that zase when

predominate inher2nt noise.

If we accapt in accordance with *he given considerations M, = 1,
Co = 0.25-1 and C = 0.5, then real censitivity will be expressed hy
the formula, ohtained from expression (2.54'): i
Cuv (1 r . V2B, '
Ly T2 o — ],- - 4, — e -
Ey= 5 (15+22) 26,F* (0)
. oy Sue Yy
== (90 + 130) K Top0 T (0

Passbard B, is d2termined by all circuit, folloving after detector,

including the band of the susceptidility of indicatoc. Tha latter

quite frequently letermines the resulting passband.
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E Pig. 2.18. Dependance of sensitivity on modulation factor.
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2. 0. Sensitivity with direction findirg by phase~differance method.

ST T TR ERT T YN TN

The measuramant o5f phase consists alvays of the comparison of
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tvo oscillation/vibrations a phase difference of which is determined.

It is possible to distinguish two cases: 1) one of the

e b ek

oscillation/vibrations it is virtually free from interfer2nces and

only the second is accompanied by interfarencaes, 2) both

i
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oscillation/vibrations countain both the siqnal and the interferences.

Let us examine the first case. It is known that noisa voltage
can be presented 1s oscillation/vibration with randoa asplitudes Up,,
and random phases Vww Density distribution of the probability of

amplitudes follows Rayleigh's law, and phases are accept2i

™

equiprobable., Staresadding up the voltaga of signal aadl 31isturbing
voltage, ve obtain the resultiny voltage with phase displacesent V¥
rtelative to signal (Fig. 2.19). It is obvious that value y 1is also
random variable. Probability density of its is determziael by foraula
y [2.2]

Vi) _'%— -w-kzi;%ir(lfiqcos¢)6'"’""‘.

vhere 4 is ratio »f actual stress of signal to the effective value of

&
disturbing voltage; F(V2gcosd)e ™™*_ Laplace function. -
With veak signals (q ¢ 1), expanding Laplace functisn in a
series, it is possible to obtain 1
” gcosd -
Wi ' +-2Vu 1
X Averagé vailue ¥ 1is ejual to zero, and the root-mean-square }

deviation 3

— ‘/-_ - .qu (2.55) 3
With powerful sijyaals (q » 1), utilizing an asymptotic :
representation of Laplace function, we obtain

“‘r( )_ e - .

F
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2.19. Addition of voltages of signal and noise.
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v

R Distribution normal relatively v. with mean deviatioa vy, = 0 and
;%3 vith the root-pean-square deviation

ﬂ}: 3. = -l.;‘. (2'56)

YUV

§: The depenience of root-mean-square deviatiom ¢; from g vith respect
) to foraulas (2.55) and (2.56) is represented im FPig. 2.2). The

. section batvesn the fields of the applicability of both foraulas is
N interpolated. In the case in question tha obtained desviations of

phase under the affect of noise voltage are full deflectiosns, since

the phase of the second oscillation is rigid.

In the seconl case the phase of the second oscillatisn is also

subjected to 1ivergence. The resulting divergemce grov/rises.

~ o :
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rig. 2.20. pependance >f the toot-sean-sjuace deviation of phase froa

tie relationship/ratio of the voltages of signal and noise: 1 with
veak signals; 2 - with poverful signals.

Key: (1) leg.

Page 65.

With the poverful signals vhen the distribution of the 1ariations of
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phase normal, root-mean-square deviation grow/rises ! oace:

5, =) 29, =, (2.57)

conputation 9f root-mean-sguare deviation with veak signals

gives
“!

7, = 1/ 5 — g (2.58)

Fhe jependeace of the root-mean-square deviations of phase froe

the relation of tae voltages of signal and noise for the second case

is also represented in Pig. 2.20.

A phase difference of signals wvill cause during zaasairesent
offset of arrow/painter a, but deviations obtained above vill cause
beat of pointasc. A8 a result of the inertness of measurinj meter to
it, will operate those spectral components of the deviatisns which
lie/rest within the limits of its band of susceptibility 4, Thus,
root-mean-squace throv of pointer as a result of the effect of noises
will be proportis>aal to the root-mean~square deviation o>f phase and

to square root of the relation of passbands after and to phase-ameter

cell/elegent 1.

ENDFOOTNOTE.
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i. This consideration is correct with poverful signals whoen if

deviations of phase follow normal law. With weak signals decause of a 2

change in the fors of the spectrum, the given relationship/ratio is

approxisated. ENDPOOTNOTE.

Observer will note systematic deviation vhen

a=a,C,
vhere C - the coefficient of discernability vhose value can be

accepted agual t> 0.5-1.

Taking into account that

E E
q—'E""“ - Caon VB: '

aand utilizing (2.55), (2.56), (2.57), (2.58), ve obtaii tie formulas,

vhich deteramins sensitivity,

Page 66.

for the first case (one of the oscillations it is free fros

interfereaces):

Ve ¥ R .
R = ('{" ! )J%UMVZBN with weak signals,

T oV
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B = ££$%%EE; witb powerful signals.
Y ]
(2.59)

ror the second case (both oscillations contain interferences):

|

"W’”g 'm:’c;j“”""‘f-”..{ o doy

———
®

2
B = @no..VTB:V-S——-% with veak signals,

o L = ﬁs;%?ﬁzc vith poverful signals. J
N (2.60)
t

y

The measurel phase difference is approximately proportional to
R the bearing
"{ = kno.

Sbalinq facta>c 4, can be more thbanm unity, After supstituting

into forsulas (2.59) and (2.60) %,), instead of ¢, let us determine

the sensitivity of direction finder.

2.1, Sensitivity of tvo-channel radio direction finder.

The noise voltages in two-channel radio direction fiader enter
op plata X and Y >f cathode-ray tube, as is avident from Pig. 2.13,
it i3 meparate from channels 1 and 2 respectively. Nsise roltages are
the randoa variables, distributed according to normal law. According

to this same lav are distributed the deviations of focus a1long X-axis

§




DOC = 77223204

and Y, proportional to the appropriate voltages.

Page 67.

In the absence of the signal of the probability of the iarviation of

values x and y, are respectively equal to

)
|
L ? (2.61)
|
)

vhere 3, and 3, are the root-mean-square deviations, priportional

to the appropriates noise voltages.

Probability that the focus vill have coordinates ¢ and y, wvwill
be definel as coabined probability of two events, thz pro>bability of
each of vhich is letermined by formulas (2.61). It is possible to
count that the noise voltages in tvo channels are statistically

independent and cisbined probability is equal to the product of
particular probabilities, i.e.,

, _(2:’ 2:: )
Wk g=WxWy="7e ** ¥, (262

T 2mage,

lot us detecaine locus, the probability of remaining at which is

constant. This wvill be also the geosetri: place of the osints, mean

i
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Vi
retention time at which the trace of electron beam is ildextical,
Since the brightaess of point on screen is proportional t> time of

remainiang on it of electron beam, locus in question vwill se curve

egqual to brightrnass.

Froa foramula (2.62) it is evident that the probability will be

constant, ¥vhen

Xt
H
2¢;

¥ 2
+'2—°;—-Ko.
v

This aquation of ellipse.

Page 68,

If channels are completely identical, the effective valuyes of the
noise voltages in both channels eqgual to ax=0, = ¢ and sllipse is
converted into ths circumference

X34 ytep
Inage on the screan of cathode-ray tube vill represent circle vith
the brightness, asximas in center and which gradually 3decreases along
a radius. If we to plates feed direct/constant voltajyes, the calling
deviations X, and Y,, the center of circle vill aove intd points x,,

Ye- But if we to plates feed the voltages of the signal

Ue=U,cosisinof,
U, = Uesintisinof,
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the center of cicr-le vill be moved on the straight line vhose

parametric equations will bhe

X —=acoshsine!,

il == asinfsin ef,
and amgle of inclination relative to y axis is equal t> beariang 6.
Inage on screen will be approximately rectangle xith tha lusinous
intensity, vhich lecreases on perpendicular to its centet line.
Bearing is counted off on center line of rectangle. Because of
indeterminancy/uncertainty (it is more precise, to absenzs) the
boundary of rectaagle the reading of bearing is conducted with
certain error. The maxisuas length of rectangle is equal t> a. If we
the wvidth of resctangla conditionally rate/estisate by vilue >, that
saxinmua possible error will be expressed as

a6, = tg 80, ==,

The beanm deflections on tha screen of cathode-ray tube are
proportional t> tse conducted/supplied to plates voltages, and
receiver-amplifiar device is linear systas. The value >f the limit of
error can be axpressed by the relation of the voltage of signal and

noige on the input of the receiving indicator:

Bl = =" (2.63,

Pxperiaent shows that the mean error composes approxisatelv one the

tventieth from anjle 2485, if ve beyond the arbitrary bouizdary of the

vwidth of strip on screen accept square asean pu.

Mo o
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Page §69.

2.12. Interference shielding of radio dicection findor.

Onder the sffect on the radio direction finder of twd signals,

fundaaental and nixing, readings of bearing for a funiaazital signal

can change.

The abllity of radio direction finder to preserve vithian known

limits his accuracy in the presence of interference he is called its

interference shislding,

The interferrsace shielding of radio direction finder
characterizes .he noise field intensity which causes the error, which
does not exceed the peraissible value. The higher the noise field
intensity, those, obviously, is better interference shielding. The
noige field inteasity, wvhich characterizes interferenc2 shielding,
depends on the strength of the field of signal, value of letuning in

jamsing frequency relative to signal and fros solid anjla betveen the

directions of sijial and interferences. The noise field intensity

. ‘ Lo
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usually is assigasd relative to the streagth of the field of signal

,}f (in dB). Por the sxperimental estimate/evaluation of real
£ interference shielding, is required the comprehensive
examination/inspection of radio direction finder, in ociac to

establish/install the effect of the imdicated factors.

Intecferenc? shielding has different character on the lavels of
the signal and interferences, which do not exceed the linsar range of
the vork of all juasi-linear cell/elements (amplifier tubes and
R frequency convacrts s), and in cases vhen the levels of signal and

interference exceed the limits of limearity.

Interference shielding in linear (it is more precise,
quasi-=linsar) aola/conditions is determined by resomance receiver
responss and liajcam antenna directivity. Thus far the levels of
signal and interference do not exceed limits of lineacity,
interference shielding barely depends on absolute sound lavel and
8ignal and depends only on their relative value. The celition of
disturbing voltajs and signal on output is equal to the sime relation
at input, multiplied by the value of the relative asplification
factor with the assigoned detuning, and it is deteramined by the fore

of resonance characteristic.

the direction finders at vhich entire circuit of ssplification
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and transfocmatioan of signal cam be considered as linsacr, include

auditory and tvo-channel radio direction finders.

Page 70.

In auditory radio direction finders with beat reception, the
signal and interferences give at output the sound vibratiosns of
difference fraguaacy. The hearing aid of operator distinguishes well
the sounds of different tone. The discrimination of tw> c>und signals
is facilitated still by the "semantic™ selectivity: operator is

distinquished thea by the character of work, on the seas2 of the

transsitted text, stc. The action of interference does not cause,

thus, systesatic srror. Hovever, powerful interferences sask
fundamsental signal, they impede the reading of bearing and lead to an

increase in the subjective (random) error. With very p>vacful signals

the reading of bearing becomes impossible.

In tvo-channal radio direction finders with reading on
cathode-ray tubs, it is represented possible to count O>ff bearings to
signal anl interfarences separately and systematic ercor because of
interference is absent. This phenomenon he is called "visual

selectivity® and it is examined in detail in §8.3.

in the raldi> dicrection finders of other systems racaliving

s Bl 2t 8 it s

bty e ol iordac A i e b A o sl .1 . Mantk
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circuit, is substantially nonlinear celis/eleasent ~ datecstor.

Let us examine action on the detector of two signals
uy= A, sin (ot 9.
uy= A, sin (ot 4 9,),
vhere w;, ws, #;, $, are frequencies and the phases of tvd> signals:

Ay, A, are their asplitudes at the inmput of detector.

Takiag into accounpt the selectivity of receiving circuit, ve can
record

A=U,f (), |

(2.64
Ay = U:n: f ("'x)- ‘ )

where Uinxs Uyax are amplitudes of stresses on the input of

receiver; f(w) - resonance receiver response.

After designating w; = @, ¢+ Aw, let us find amplituls and the

phase of the resulting oscillation:
1ty 4 1e, = U sin (o,f 4 %), }
U=/ 25 AT 2A,A, cos (Aot £, 9,5, | (2:65)

e d __MAising - Ay sia (8! - ¢,)
B Y= A, T0¢ ¢, + A, cos (B0 F¢;)°

Page 71.

Both asplitule ard the phase of the resulting voltige vary vith
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;; beat frequency Aw. If beat frequeacy lie/rests outside the passband
;; ot low-fraquency asplifier taking juto account the banl of reception
Y of indizator, the latter does not reproduce beatings. Readings of

;: indicator, as is evident from (2.65), they depend on 1aplitude and
%i phase of both coasponent voltajges, which leads to the appsirrance of a
%E systesatic bearing error. The course of the compatations >f error

;; depends on direction~finding method.

-

Without giviag intermediate lining/calculations, we jive the
results of tha cosputations of the error with different
direction-finding methods in the form Table of 2.7. Tabl2a is
comsprised for the square lawv detector and small relativa 1isturbing
voltage (A,/A, << 1). It should be noted that with saall
interfereaces the result of linear detection qualitativaly Jdo0es not

differ fros the guadratic.

POOTHNOTE 3., This -onfirmation is related to linear inactis-frae

detector. Detects>r caa be considered inertia-free during satisfaction

of condition [1.1].

- S oA - e
80CyRe < ~— }‘.——-—— =3

vhere C.. R. are a capacitance/capacity and the loal imspadance of

detertor. ENDFOOINOTE.
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Besides already stipulated above in the table are acceptel the

.

X designations:

.

%;; A - an error, is glad; r(e) - radiation pattern; P! (9) - its
%;T derivative in teras of 0; 8,, 6, -~ bearings of signal ani

é' interfereacea; 2h,, = width of radiation pattern at the level 0.7;
;: J, (x) - tise Bassal fuaction of first first-order kind: 2b - the

g distance betwesn tvo spaced antennas; R - the radius of a cirzle of
-. antenna location.

Y

Pros table it is possible to sake fallowing conclesions for the

radio direction finders, which use the recrified signal:

1. The bearing error, caused by intecference, is pripoctional to

the square of th2 relation of disturbing voltages and signal on the
input of detector.

2. Bearing arror the lesser, the acutes/sharper caliation pattera
or more ssparatisa of antennas.

Pages 72 and 73.
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Table 2.1,

PAGE 36~

/xS

U) MeToa Neaenrosakun
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[lo MuHUMYMYy KGIpuuuenTa Mo-
AyaAlud

7€)

To xe npe XocuHycoulaabHOR
auarpaMMe Hanpas.IeAHOCTY

(2)

Mo ¢aze xoapduuuenrta woay-
SAUUR:

a) Npu KOocuHycoulaannol aua-
rpavye Hanpagaent 1Ty

6) npu ocTpoft guarpaume Ha-
npas.aennocTy F (B)== cos"9,?
C OTCYETOM MO MIKCUMYMY

1', 4 )

I ( ,') Obuian dopay.1a ownbKu
{

A} F(h, —9y)

A =— I 30)
A? Q)

A2
A =;'—,I7-sln(9, — 8))

2

A —A—Q in(8;-- 9
== sin (8, -- 1)
ar =

s
2.4;

—_ "~ 6, —-9
8= = costto=n (-H;-—‘)X

X sin (6_, -; 9'-)

Maxcumaisuan ‘/ ¥roa, npu xotopox
3 OWHIKA OL:MOK3 MAKCHMAALHA

A3
A= :?‘ 9, — 8, = 90°
A
= - 6, — 8, = 90>
1
g
A= —50,, 8, —8,=179,.»
A

T
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Key: (1) . Directiodn-finding method. (2). General forsula of error.
(3). Baxisum arrd>cr. (4). The angle at which the error is maximun.

(S). On the minimums of aodulation factor. (6). The same with

cosinusojdal radiation pattern. (7). On the phase of modulation

Es
2%
. %

factor: a) with c-osinusoidal radiation pattern; b) with acute/sharp

i

radiation pattern P(9) = ¢e3™84 yith reading of saximus. (8). On the
phase of high frejuency (radio directiom finder with a cyclic
seasuremeat of phase of). (9). On the phase"of high Ersgasncy

(faterferometer with the motionless aptennas).

N Page 74.

T T AT 8| 3 TRMTYTINEIF 1 TR
. L. - o~ ey

-+ g

3. Direction of arrival of interference, vhich cocrcresponds to
its maximum effect, that nearer to direction of arrival >f signal,

the acuts/sharper radiation pattern or more separation of antennas.

P RGO R S s T S

4. Interterance shielding depends on method of direct ion

P

finding. Proa the exasined methods the best interference shielding
possesses the netaod of the cyclic seasuresent of phase ia high

frequency.

BT 2T T

With powecful interferences bedgins the overloadiny >f the
separate cascaldersstages of receiver, which leads to the appearance of

coabination and ccosstalk. In these cases the interfersac» shielding

E .
?
;
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depends on the distribution of selectivity between ths s3aparate
cell/elemonts of receiver. This question is examined in the
comnmon/genetral/total courses of radio reception. Some specific
phenosana, characteristic to two~-channel radio direction finders

under the effect >f poverful interferences, are exasined into §8.3.

The application/use of cowmutatior or amodulatioa of signal at
the input of receiver leads to decrease in the interference
shielding. Interfarence just as signal, undergoes cossagtation or
sodulation. Spectruam 2f the svitched interference consists of carcier
and a serlies of the side frequencies, distant in fregqueazy froa
carrier to the values, to the multiple frequency of comantation. The
voltage of carrier jamaing frequency, if it is sufficiently detuned
relative to sigmal, is attenuate/weakened during tae passage 3f the
selective circuits of receiver and at the output of detector can have
the persissible lov value. At the same tise some of the side
frequencias can hit the passband of receiver. The voltages of these
fregqueacies they pass through entire circuit of receiver ¢ithout
wveakeaing. Althoujh the voltages of side frequencies on the input of
receiver are muca lover than the voltage of carrier freguency, at
output they can rsnder/shov sore than veakened by selactivity of the
voltage carrying 3f frequency and exceed the persissible limit. The
spectrun of side frequencies the vider, the higher the frequency of

commutation, but the intensity by their the greater thia less flat is

i
|
|
i
3;
|
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the curve of comsutation. With sodulatioa by sine voltage with the
preservation/retsation/wnaintaining of carrier the spectras contains
only in one side frequency snizu and on top froa carriesr. Nore
intense side frequencies appear with comautation with sharp

transitions.
Page 175,

Por a decrease in the interferences of coamutation, ona should apply,
vhen this is possible, commutation with the smooth incr2ise of
tension. Is applis»d also the closing of the input of receiver to time
of the course of the transient processes of commutatisa. In this
case, the interferences 4o not operate on indicator. For the
realizatisn of tais method, it is necessary that the band of passage
of receiver vould be considerably (order of 10 times) is arore than

the frequency of -ommutation.
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5}} Page 76.
E;i Chapter 3.

2

ANTENNA SYSTENS JF BADIO DIRECTION FINDERS.

VT Y I AP,
L . -,

e

In radio direction finders are applied the omaidicectional anad
x.

pr

directional antenaas. The fundamental parameters of the antennas

vhich must be determined for the calculatioa of radio direction

¥t RS

finder, are entry impedance, efficiency, to effective heijght t. and

H directional charazteristic.

_ POOTNOTE ¢, Besilsas effective height antenna can be chacazterized by
: the effactive or absorbing surface ((8.13], h I, page 227-229).

: ENDPOOTNOTE.

g

During tha latecaination of bearing, usually is uatilized normal-
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polarized electrisagnetic field (vertical electric field 2f wave).

ho

Plfe. 4 D

However, for the lirectional antenna it is necessary to :ow

directional characteristic, efficiency and effective ha2izht not only

vith the reception of normal-polarized electromagnetic field (for the

%;; ' calculation of th» effactiveness of radio dicection findsr), but =1lso
o the same characteristics vith the reception of abnormal-prlarized

é ! electrosagnetic field (for the calculation of the polarizational

: errors of radio direction finder) (see Chapter 6).

_ It is sometines expedient, especially on VHP, t5> realize

K

direction findiny on the horizontal coapoment of electriz field.

The siaplsst antenna systems of radio direction finders have
size/dimensioas (separation of antennas)less than vavaleagth. Such
systemss possess ~>sinusoidal (figure-of-elght) directional

characteristic aal are applied in the foca of rotary or astionless

system.

Page 77.

Analogously anteana systess vith the size/dimensions, jreater than

vavelength, also are applied as rotatable or motionless systems.

The vwidth of the frequency band of the direction-finiing antenna

R A T . : e —

K DRV
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is determined by the facts that at cut-off frequeaciss thsy

deteriorate, resacaing the maxisum permiasible values, sensitivity and

the accuracy of radio direction finder.

Are 3iven belov description and the calculation >f tae

paraastars of the anteanas, used in radio direction finders.

3.1. The vertical wire antenna.

The simplest antenna is vertical wire. ¥hen electrisignetic vave
during its propaystion reac’' ;& antenna, it indeces in it s2ef of high
frequency, in counsequence of which in anrtenna begins t> -irculate the
current of the saae fregquency. This current causes the
enission/radiation of the part of the energy back into space. Both
processes in anteana - the perception of energy froa spacs and
reradiation o this energy - closely interconnected and ace,
actually, the sanifestation of the single ability of anteana to
interact with the surrounding field. During the study >f the
questions of 1irs:tion finding us interest both processes. On one
hand, the ve.tical vire anteanas enter in many instances as component

part of the receiving systes of radio direction finder, and here is

utilized their ability of the perception of enerqgy fros the
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progressive electromagnetic vave. On the other hand, reraliation of
antennas (both foceiny part of radio direction finder and not
entering it) produces change in initial electromagnetic field and

thereby it can darange of direction finder. The effect of reradiation

of the adjacent antennas is exasined ln chapter 5, .

Recall ouriefly some fundasental properties of the vertical wire

aateana (vibrator),

Vibrator caa be from the vhich interests as point of view

approximately coasidered as long line with lossus. fi

Page 78.

Entry ispedaace 3f this line is expre=sed

Z,,::p;cthfl. (3.1

vhere ¢, is aquivalent wvave iapedance of the vibrator:

Pr:Fs(l ”/.'i:");
¢s = tha ware fspedance of vertical vibrator; y - propagation

constant: '
f=8+im  (3.2)
. )
3, = decay constant; a = 2c/x;- is coastant of phase

displacenmant.
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In practice are applied symsetrical and asymmetri: vibrators
(,190 3. " .

Let s examine the characteristics of syametrical vibrator. The

vave impedance of vertical symmetrical vibrator in fraa space is

designed at small lengths /! of vibrator {{<A)

by the formula
pa = 120 .(m L 0,69, 3.3)

37 Vo N. Kessenikh is proposed for any /|
(3.1)

approximsition formula

=120 (In 22— 0,577 ) 3.4

vhece a is a radius of vibrator.

If vibrator :;onsists of several (n) vires, arranges/located in
circusference wity a diameter of D, then the equivalent diameter of

vibrater [ 3.4) will be

n 7 -
D.==D / Eh (3.5)

vhere 4 i3 a dia-eter of wire.

For 3ach ratio D/d, there is a value
does not have sernse to increase the nuihber f w

Nuatec, greater than which
ires of vibrator.
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S

T oL

a) .Y/}

Vibratacs: a is symmetrical vibrator: b is asymsetric

00

| |

160

112

40

/

L4

/

i

¢

Pig. 3.2. pependence of radiation resistince of

on relation é.
Key: (1) ohs.

Page 79,

The capacitancescapa

Y TR T Y Ty g
{

syssetrizal vibrator

city of vibrator (is linear)

-~ 2 (3.5)
4(1..-1—-0.09) ”‘
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i' The atténnation

“ , B, = Ra ' (3.7)
ﬁ oJ(I-l%ﬁfi) ‘

where R. =~ the 2ffective resistance, in reference to the current

- o,

aatinode, consists of the radiation resistance and

resistor/resistance of the losses:

gy

R‘=R1+Ruof ~R!.

; The depeadence R, on [/ is given in the cutrve o>f Pig. 3.2.

Por low valuss /2 < 0.9, resistor/resistance R, is desigmped

s
i

" froa the foraula
i /' :
R;=800(-;—).
Here R, is refeccted to current ip the middle (at in-feel) of g
vibrator. g
4
:‘l_
1
Page 80. 4
1
3
!
The sffectiva height of syametrical vibrator, in reference to 2
' |
current in the loop: ;
. ml . 7
M= -3 sin® %, (4.8) 1
i
Iﬁo effect ive height of syametrical vibrator, in ceference to i

current in {ts siddle:

9 ml
I o— 2() —cosml) ___tg 2 (3 8')
T T el T Tm :

SR NPS O T TIPS S S P ]
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¥
2 v . E
H hen the leajth of vibrator 2/ 4is close to A, formula (3.8¢) it 1
_;; is not used, since in such cases it canmot be proceedel ftom the ;
%. taken during the lerivation of foraula (3.8') sinusoidal current
#:
»%2 distribution along vibrator. With 2/, close to A, it is ascessary for "\
L the calculation effective height to use foraula (3.8). ;
{
_ For an asyamsatric vibrator vave impedance and radiation .
) resistance vill be two times less than at the symmetrical vibrator of 5
iy the saue sizes/dis2nsions, i.e., for an asymmetric vibrator it is

possible to use the ygiven foraulas for R, and ., by taking into

account only coefficient of 1/2. 3

If we in (3.1) substitute (3.2), then after some transforepations

ve vill obtaim for emtry impedance of the symsetrical vibrator

. 34
sh2jal — o sineml

Zox ="Do Teh 2% —cos 2ml
-tﬂh2hl+sm?ml :
~Jp . (3.9)
b ¢ch2jal — cos 2mi

More accurate results for entry impedance of vibrator it is

possible to obtain, if ve in formula (3.9) under signs sia and cos
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i instead of » substitute km, wvhere k depends on %- [3.5].

% | Page 81,
!

For - = 0-3.35 and 0.65-0.85 formula (3.9 is simplified and

assynes the fors

2a Zu:’ﬂ%%r"ﬁhcmmlxRu+4Xm. (3.10)
L
8
ot
- The valus of active and reactive components 7, for 1ifferent
T relations /'A4 and different values p, are given in PFij. 3.3.
L

Por the asymsetric vibratonr of expression for eatcy impedance Z,,

they are coetaisnel, if o, is vave impedance of asyametric vibrator, /

- its length.

Shen it is reguired tc comsider effect on the vibrats>r of
adjacent with it vibrators, they usually use the method s5f induced

enf.

As is kpowa, to account for the asutual effects of vibrators
according to the sethod of those induced by esf to the interpal
resistance of vibrator, are added the resistor/resistancas,
introducel adjacent. The reslstor/resistance, introducal by any

ad jacent vibrator in the case vhen currents in vibrators coincide in

RSN AN 5 T
=N A ami il Riel on b Thaluck
A lEi a5
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aaplitule and phase, he is called reciprocal resistance of two 3

vibrators.

Nutual ispedance of vibrators is detersined fros ths designed

¥-en the lenjth of vibrator is small (/i) it is passsible to
use the approximatioa formulas for autual impedances:

3 [cosmd  sinnul 212
R“ =7 Rm l TmidaT Tmdai (I —emd )] !

g Nt Ul (31 1)
K § R [ i = e,
vhere 4 is a distance betveen vibrators; R,,=20m"’ <+ the radiation
resistance of the secluded vibrator by leagth /; Ry, and X, are

referred to current of foundation.

Duciag the calculation of coupled impedances, one sa>uld

consider the possible dissimilarity of values and phases of curreats if

in separate vibrators.
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Page 82,
Rozlom) (1)
so00 -t
exot—4 g
00 —
8500 S N .
5000 ~L~1~“—
2500 |—_| 410 _ﬂr ]
2000
1500
P, = 1000

1000 5 =560

Py= 450
500 | 5 =340

4 9f o8I 05 04 05 06 07

rig. 3.3. Dependeace &,
vith different ».

Key: (1) (ohm).

Page 83,

Impolance, i1troduced ipto any

case vill bhe:

Xy tom)
2000 ——
500 pb—Ff :
;,:moa\/
1000 Py =560 _
Py =450,
500 P—ﬁ_\.‘ Fy=3%0 %mﬂ
0 %2 B\ (2] ] ”
a1 93 0% 96 4+
[77] 7 : N\
1000 | // —
1500 ]l
2000 \]/ —
3500
3000 1

apd X.. syasetrical vibrator s telation<f

(n-8) antenna, in the general
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K Rny cosp, 4 KRy COS 7y - K,Rpy COS ¢y . ..
cee— kN sing, — kN Lsind, — kG, sing, -0
oo (KR SINCE, - KRS, = KGR SN, -

coo kA cosy, 4 KXy cos g, - kg Ny cosp, -0 L) =
= Rpnec + i X nuee.

vhere R, R, Rmm =~ the active coaponents of mutual impeiaaces of tas
n antenna with tha 1st, 2nd, 3rd so forth antennas; X, X, . A, -
reactive coaponents of the same resistor/resistances: k,, kz, k3 - an
asplitule ratis >f{ the currents of the n antenna and the tst, 2nd,
3rd of antennas; ¢, v, v, - the lead angles of the phasa >f current
into ths 1st the 2nd and the 3rd antennas vith respect to the phase

of current in the n antenna.

In horizontal plane the vertical vire antenna is ast directed,

i.e., by the antenna of circular action.

Exprassion £3r the radiatjion patters of symmetrical vibrator in

vertical plane vwill be [3.4]

__ '.’_lj,_cos (misin ) — cosml X

¢ m cos §

XV 14K + 2R, cosig, —2mHsing).  (3.12)
l;r an asyasatric vibrator radiation patterm in vertical plane

is expressed .
VI {icos{mlsind) —cosml|(l +- R, ces@,) +4-
-+ R, sin g, [sin (mlsin 3) -—sin m/sin 3j} —-
+ F{{sin(mlsin 3) —sin m!sin ) {1 — R, cos¢,) -
—+ R,sin ¢, [cos {m! sin 3) — cos mlj}, (3.13)

Euc ==
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vhere § is an angle of the slope of a front of wave; B, - the
nodule/nolunlus of the coefficient of tertain echo: ¢, - the arguasent
of the same copfficient; B is a height,/altitude of the center of the

vibrator above th» earth/ground; E ~ the strength of fiell in free

space.

Page 8u.

T™he fora of the radiation patterns of the grounded vertical

vibrator of diffarent length with the ideal conductiny earth/ground
is given in Pig. 3.4,

The range of the use of a vibrator is detersined by the

frequency properties of the radiation pattern and entry iapedance.

With the shortening of wavelength, f.e., an increase of the

relation //A, in vertical radiation pattern appear aminor lobes (Fig.

J.4). Por this reason relation & they limit by value SN
(0.5-0,. 625’ L]

A

'\NMII
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Rros Pig. 3.3 it follows that entry impedance of vibrator

changes in the fact limit inferiors, the lesser the vave iaspedance of

vibrator. VWave impedance decreases wvwith an imcrease i3 ths radius of

cross section, i.e., during the use of thick vibrators. As can be
gseen froa (3.5), the same result can be obtaimned if vibrator consists
of several wires of a small diameter, arrange/located ia
large~diameter circumnference. The essential expansion of the band

coverags of vibrator is obtained also during the use of vibrators of

conical or exponeatial shape (Fig. 3.5).

The vave ispedance of the conical vibrator

pn=1381g (ctg -;«\-

);

vhere 2/ is a cone apex augle.
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A;yhd anmennst-A[8 AAund anmennsi: A/G

1)
ﬁ::)/z ' Qz-n/a
LD NS

Qeuna ameuw AJ2 Druwo axmennsi=53/8
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0] M@
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Pig. 3.4. Vertical directiomal characteristic of the vertical

grounded vibratoc depending on its length.

Key: (1) . Length >f antenna.

W A ~r

Pig. 3.5. Broadbaand of vihrator (asylletric). a - cylizirical;: b is

conical; C is exponential.

Pig. 3.6. Broaibaid planar sysmetrical vibrators.

Page 85.
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In symmetrical fulfillment antenna he is called bicoatical.

the calculation of entry ispedance of comical antsaay here is
not given. Por ths connection of antenia, it is expedient to use
feeder with vave japedance p¢ =p.. Investigations shov ([3.3), page
107) that for ¢=30° KBV > 0.5 during satisfaction of :aniition;§§7£=
1.2, vhere | is length forming of com@y i.@ay A, ¢~ 3. Ninisum
transpitting vave is limited to appearance in verticaL dicectional
characteristic of the deep aminimums feast the lov values >f angle B.
So that this woull not be, it is required to fulfill) i,,,~ 08/ Thus,

the freque ncy band, overlapped by conical antenna, =, -+6.

One Of the cones of the biconical antenna can be replaced by
disk. Discomre antenna has overall sizes less than bicoaizal;

frequency banl of its is sosewvhat less.

The valpe of wave impedance depends on the maximam size of cross
section, vhich makes it possible to utilize planar coastructions of
vibrators (Frig. 3.6), that bhave rectangqular cross section. Planar

vibrator can be made also froa separate conductors.

Page 86, Application/use vide-range of the vibhrators of the
indicated types frequantly causes difficulties due to their large

overali sizes. The range of the use of a fine/thin vibrator can be
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expanded by thas inclusion into it of re-ctive and active

cell/elenmants. An exaaple of this antenna is givon in Pij. 3.7. The

cell/elenpnts of anteana are selected froa following coansiderations

{7.12).
Bierut 1,<ﬁ‘;i asd 1.<L"‘"—"— vith those, so that thase cuttings
off vould be capacitance. Then ( and !, it is possible to replace

vith the squivalent capacitors C; and C, respectively.

Por that frejueacy w,;/2r¢ by which chain/metwork L,C, is inclined
into resonance (w®,L,C, = 1), entry ispedance at point 2 will be
equal to ths wave impedance py of section /,, if R, = B, = p; ard L,
= 92C,, In this >ase, on shortest wave, antenna cadiation is
detecsinel virtually only by sectiom /.. Taking into az:zount the
requireaent for the absence of mainor lobes in radiation pattern, one
should accept A::égi. 0o longest vave in eaission/radiation,
participate the sactions /, amd !/,, 1s expedient to select A4-g::52F;

in order to ensure not too low a radiation resistaace,

During satisfaction of these conditions

luauc =4(, + I;) =~ )'Mun + lem = 31mluo

i.e. the apntenaa provides the overlap of triple vave banl vith

satisfactory indices.
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Racently as ctange vibrator is widely applied shuant vibrator.

Satisfactory agreasent this vibrator provides vithin lisits from

AIllle s

‘A:’T, ~~ 2. Considerations accordinjy t> calculatica

RO R R Sy > aanmany £ onmtich

g

see [3.8].
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rig. 3.7. Wide-rasge antenna vith the coasnected c.ll/elements ', BR.

NI
4
ol -

v 4

rig. 3.0. Loop antenna: & is symmetrical; b is asymmetri:.

Page 87.

In chapter 7, ace described the methods of the expansion of the

working frequency band of the vibrator by applying the 53ll/elements

of agreement or co>spensation for reactance.

R PR
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3. 2. Loop-Antonnn.

Loop~antenna is schesatically represented in Piyg, 3.8. Are

applied syametrical and asyasetric loop-antennas. Sysmatrical
loop-antenna consists of tvo parallel, comnected on end/leads

conduc tors, arranje/located at small (less tham 1/10-1,/20

vavelengths) iistance froa each other. Are distinguished aperiodic

and resonance loop-antennas. In aperiodic loop-antenna iato middle of

one of the conductors, is included resistor/resistance Z, vhile in
siddle of the other - the input of receiver or feeder. Asyssetric
loop~antenna is tne half of symmetrical. The second half is

supplemented by tae image of the first in the earth/ground.

i
|
1
|

If resistor/resistance 2 - active is equal to wave laop
bda pya,

resistance A that entry impedance egual to wvave impedance 5y, over

- 15 TSR PTTIT ey W. Lt Ll

a vide range of waves (vhen A > 4/). This property of antaana is its
key advantage, sisce constancy and the active character of its entry
impedance sake it possible to enasure good agreement of satenna with

feedar over & vide range of frequencies.

JTEFPRCILIRTTR, WFY PO AT

LS o

Defizienzy/lacks in loop-antenna ate small efficiency and

T TR T SIS NPT 1 Pre DREREISIEE L PV e L
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decrease of effective heijht during am increase in the wvaveleagth,

In resonaace loop-antaeas ({- = 0.25) resistor/cesistance 2 is

equal to zero. Its radiatic. pattern the same as in sisple vibrator,
radiation resistance into four, but effective height fntd> tvo grooves

is more than the corresponding values of siaple vibrator.

Page 88,

with 2 = 0, loop-antenna of the heavy-gauge vires 5r of the
tapes possesses cinsiderably larger band coverage (i.e. by the

section of the freguencies vhere X, im close to zero aal R, is

little affected), than usual dipole.

In radio diraction finders loop~-antenna cen be used as
cell/elenent by the antenna of system (for examsple, in the spaced

antennas). The greatest application/use of a loop-anteana wvas

obtained in ultrashort-vave range.

3. 3. Loop antenras.

One Of the videspread types of antenna, used for ralio traffic,

{
]
|
i
i
i
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is the loop antenna (framework), in the simplist form vhich is the

&

3 fine/thin condactar, that has the form of the locked plaxs figure. !

¥
S

A Blectromotive force vithin a framevork of a saall size/dimension. ?f

s

ﬂ? N

7ff Let us examiie the framework of a ssall size/dimension, i.e., 3
' 3
. let us assume that the perimeter of the framework is very samell in (
. comparison vwith wavelength and that over entire length >f the 3
L frasework the curcrent has constant anmplitude.

This fraaevwdrk is equivalent to the magnetic dipole, directed
along the norsal to the framevork. If ths frameworX with an area of §
is located 4in 2lactromagnetic field vith magnetic fiell strength H,
then the magnetisz flux, which pepetrates the framevork, will be
¢ = (_}:I;,) uS = HuS cos ¢, ’
where n,; {8 the uait vector of standard to the frasevork: ¢ - the

angle betwvesn unit vector and esagnetic intensity H, p - magnetic 3

permeability vithin the framevork.

Eaf, inducel vithin the framework, vill be

, do i =
Eﬁ'—‘a’l-="<'{l‘“" /l,)“s. (3.]")
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E;f that indace in the electric dipole (Hertz doublet) by length /
by electcrical field B, is equal to

E=(ETD.

Page 89.
Prom the cospacrisin of these formulas, it is evident that the

dependencs of amf of the frasework on the three-dimensionil/space

location of its axis of relatively magnetic field the same as

. dependence of eamf of the electric dipole on its locatisn of

?& relatively electric field. This analogy escape/ensnes of the

LT g

equivalency noted above of the framework to magmetic dipsle.

Under the hacaonic lav of a change in the sagnetic field, the

TV LT

operation of diffsrentiation is egquivalent to amultiplization by ju

e it

and formsula (3. 14) passes in

£E=— juSp (T{/T') == —- joSpH cus g, (3.19)

If the framevwork is located in the cemote zone (zone of

enission/radiation) of transaitter, magnatic intensity caa be
expressed through the electric inteasity :

B s by
H =, (3.16) i

After substituting (3.16) in (3.15) and after replacing in it w by

TN

(znno-/x) and p (for air) by &4r10-7, ve vill obtain

F=--j& 2?— Cos§. (17)

YT P YTT STV T TR AR

T
L amald
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L. Proa this formula it is evident that emf within the frasework lags on

711 : phase for 1/4 periods behind the stremgth of field. Thes maximam value

1|‘ {

. B occurs with ¢ = 0 and it is equal

;’.; EM.Nc = "Ab . (Jla)

lé The effective heijht of the franevork

“' 1

§ J MAKC =S .

. P (3.19)

; I;u law of 1 chaage in eaf daring the rotation of th» framevork
is detormined depending on the angle betveen standard t> the plane of

\

the framevork ani dicection of the magnetic field. virtaally in the
vork of the framevork as direction-finding antemna to conveniently
kave the »xpilcit dependence of enf on the direction of incident wave

(sense of the vector of Poynting) with the determinel location of the

frase vork.
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Page 90.

W
A

Let us examine the frasework vhose plame it is vertical, amnd

axis formss angle 9 vith X-axis of rectangular coordinate systewm. In
T u.
§ plane 22X, is propagated plane electrosagnetic wave, the miagnetic
e intensity of vhich is determined by formula (2.3); in it it is
: accepted with r = 0
e - 19, - Ib
L H=(--aH e +al,)c"
Yectors n and a have cosponents:
a .
Re=sin n,==0, n,~ cosd: a,~0; a, =1, u, =0.
e wvill use forsula (3.15).
Vactdor n, has coasponents:
My -=cosls ngy,-=sinly n,=0.
The polarizxi in plane incidence/drops and perpenijicular to it
an
components //,all are egqual to
Ill:Hsin'{; H,=Hcosq,
r
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wvhere y is an angle of rotation of the Plane of polarization, egual

to the anjle between vectors of electric field ard the vertical

plane, vhich contains direction of propagation.

’

Pulfilling the scalar nultiplication H and ny in focmula (3.19),

we obtain

E=— jopSH (— sin Bsinye’ cosg - cos Y sin h) e'%.

Reject/throwing unessential for future reference phase factor

and again passing to elaectric field, ve obtain

E=— J "’;\'i E(sinficos { —sin Bsinycus ﬁeﬂ"), (3.20)

If field either is normally polarized (y = 0) at any angla of
incidence, or it is propagated horizontally (8 = 0) ducing any
polarization, electromotive force within the framework it is

proportional to sin @ and radiation pattern has a fors of eight 1t
‘tiq. 2. 5). LJCL 5 = ,‘ tl;en

E=" 2"5 -Ecos{sin.
POOTNOTE . If anjle 9 is is counted off between the plzas of the

framevork and plaae ZX of the propagat ion of electrosagnetic vave,

then the radiation pattern of the framework 13 proportionsl to cos @,
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Therefore it vas called the name cosinusoidal directional
characteristic, ENDPOOTNOTE.

Page 91.

By rotation of the framework we can attain zero eaf wvwith 8 = 0. In

this position the standard to the plane of the framevork indicates
the true direction of wvave.

With it is abnormal, but to the linearly polarized vavas (V.=0).

vhich falls vith certain slope/inciination, ve will obtais

E=—=— ,'?:‘.s. EVsin® {sin’ 3+ cos®ysin (0 — 4), (3.21)

vhere

tgd =tgysind (3.22)

Radiation pattern retains the form of eight, but the direction

of zero reception/procedure is obtained when @ = A, i.e., it

indicates the diraction of the arrival of vave vith the error,
deternmined by formila (3.22).

In the case 2f circular polarization

(¢¢=={}.rf=-}) from
(3.20)
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1E|-__-,_V_9;."_§Elf§i_n'0+cos’esin'7.

Egi Eaf to the framevork non-vanishiag in vhich position o2f the
5“ frame work.

#ith ¢ = 0 we obtain the mininuas of enf

while at 8 = 90° - the maxisua

‘. :nm‘ri]"l-""\ [
S o
T

- YV 2rs
Enaxe =L "“A_'/

v Page 92.

With the realing of bearing for audition, is observed the

diffuse ainisum (angle of the equal to audibility), bat bearing
error~-free.

In the genecal case of elliptical polarization, is sbserved both

error and the diffuseness of the ainiaum

Blectromotive forze within a framevork, vhich consists of several
tacns.
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The electroastive forces, induced within the framewsrk, are very
saall., it is expelient to connect several such turns congsecutively.
If in this case they desire so that all turns would reaaian in one

plane, then tue fraaework acquires the fors of spiral (Pig. 3.9).

Let us supp>se that the reverse/inverse effect of each turn on
the incoming field is so small that it can be disregacrded, and the
overall length of wire considerably less than the vavelength. Then we
can each turn examine independently, also, to eacJLapply formula
(3-17) ; set/assuming ¢ = »/2-0, p = 0, wve have

288,

El_-.—.——/'EQ—"XS-'-SinO. E,=—iET5i“6 eCce-

Here B,, B, .., - eamf in each turn.

I
i e FdewSdlot € n el Sl o sl s 2 ¢ RN 5 o 9 A vt oh b ) 2w it Y e 0 1 B 2t ads - b ksl

Resulting eaf vill be equal to the sum 0f eaf E,, B, and of so

focth, induced of the separate turos:

N

5______,)-2;’-_ Esin0 ) S,=— j.g'i%it‘sino.
R=1\

Y

-5 S

h=|

o= —N

vhere S5, - an arsa of the k turn; ~ a sidlle area of

turn; N is a turn number.
Page 93.

The a2ffectiva height of the framevorh

h,= —x—‘—:— (3.23)
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than the effective height of one mean turn. The frasevork canm have

will be 1in N of times more

not only spiral form. If it consists of several turns, it it is
possible to viand over the lateral surface of cylinder. In this case
all turns are obtained ideatical size/dimension, but ace
arrange/located they no longer in one plane, and therefors this

franework is called three~dimensional/space (Fig. 3.10).

Under those assumptions that they were made for the spiral
framevork, we hera vill obtain for the sum of esf, induced of the

turns of the framevork, the forsula

E=— X2 Esin, (3.23)

In the case of the three-dimensional/space framewd>rk, one shooald
take into considecation that the vire of the vinding of the framevork
forns one coaplete turn in the plane, perpendicalar to the plane of
the fundamental turns of the framewor). aore graphically anything
this can be seen, if we design the framework on this pecpendicular teo
its turns plane fi.e. to look to framework froa the side (FPig.
3.11) }¢« The area of turn, perperdicular to fundasental turns, in the

figure is shaded.
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Pig. 3.9. Rultiturn spiral frasevork.

Pige 3.10. Three-l1imensional/space frarework.

Fige 3.11, Pora of framework on the side.

Page 94,

Calling this area . ve obtain emf, induced in the perpendicular

turn:

N 2’.‘;& Ecos 9,

and
f\total enf withia the framevork will be

E=—|C ?;» (NSsin0 - S, cosh)=

= — B3 )/ (NS + Sisin (04 ),
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vhere

tgd= . (3.24)

The effective height of this franework

Since S5, usually is considerably less than NS, S, it is possibla
to disregard and for the three-dimensional/space fraaswork to apply

the formula

I 2= NS

- T

It is substantial to note that emf is turned in thig case iato
zero aot vith ¢ = 0 as for the flat/plase frasework, but vhen 9 = A,
i.e., at angle, on A arc tg %g different from the true., On the

elimination of the lateral reception/procedure of the frasevork, see

§ Uolo

BEffect of nonunif>ra current distcibution.

In radiov dirsction finders are applied the framework of a small

size/dimension; hovever, sometimes size/dimensions are not so small

80 that to it vould be possible completely disregard the
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nonuniformity of current along the vire of the frasevork.

Considering that the inductance and the capacitances/capacity of

the framevork are distributed evenly on it last, j.e., that

inductance L, and capacitor C, per the unit of lemgth ars coastant,

the framework (Fij. 3.12a) can be likened to long linme (Pig. 3.12b),

also, for research on the process of electromagnetic vibrations im it

to use the conclusions of the theory of long lines.

Page 95.

-Miume;n“"‘:.‘.‘ ot et g

o

Distiributioa along the wire of current /|  and of a potential
difference (/| between the appropriate points on tvo halves of the
frasevork is subordinated to tke eguations:
Lozt -
r {3.25)

Us-=U,sin 7L,

a the wavelengths, which correspond to the natural resonasce of the

i  — Vi T T TR

frasework, are determined by the expression

41
i —_
,a O

Lot .
o oL DALY bkl ik 1 A5G e i 2l bk s & CAGEENRL 1 S 15 B

vhere k is the vhole pnupber.

Greatest 0f these vaves
ha=d{ 13.26)
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is called the natural wavelength of loop antenna. The virtually
§ natural vavelength of the framework is greater than it is obtained
according to equation (3.26), as a result of the nonuaifocmity of the E

distribution of capacitance/capacity and inductance along the length

of the framework.

i The current 1istribution and potential also not completely

accurately does follov equations (3.25). However, in the first

L IR .
. e ST
5

approximation, it is possible to use these equatioas.

éL Lmpedance on terainals a-b of the single-tura framework is equal

. z=jo1g ¥, (3.27)

- h I

L vhere p==koy/37 is vave ispesdance of the framewdrk; inductance,
Hecw™%; capacitance/capacity «.cu''; &, - the coefficient,

depending on the type of the winding of the framevork.

During great lengthening, i.e., vhen 2>, in expression

(3.27) tangent can be replaced it with the argusent

Z::/PZF-:ijJ:=ij, (3.28)
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Pig. 3.12. Frasewsrk and equivalent to it line.

Page 96.

Consioquently, ducring great lengthening the fraamevork can be
considered as lumped ilnductance whose value is egual to its static
value. During a decrease in the vavelength the frasevork one should
represent in the fora of parallel connection of inductance aand
capacitance/capacity. The values of inductance and
capacitance/capacity in duct vith the concentrated constants,
equivalent to the framework, they are called dynasic inductamce (L.

and dynamic capacitance/capacity (C;). On the strength >f foraula

(3.28)
Ln=L-

o il e 1 it B WM&M
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Prom comparison (3.26) with forsula for the naturil savelength

£y of duct with the concentrated constants
an=2ry/[,Cr3-10°=4

ve find for the single-turn frasework

400 (!

C"""W_TW' np. (3.29)
T
g;~ The radiation resistance of the frasevork can be fouand as
;;' radiation resistance of Hertz doublet vwith the effective height,
h‘ detersined by formula (3.23).
K

Resistance of the emission/radiation of the framevdck is

obtained negligibly small, and it can be usually disregarded in

cosparison with the resistor/resistance of losses. Poraalas for the

calculation of the parameters of the frasewvork are given in appendix
I.

To account for the effect of monunifora current Aistcibution on
the vork of the framework, let us examine the rectangular frasework !

with sides a and b.

POOTNOTE ', Durinj nonuniform current distcibution in tha framework

of emf, iivduced in it, it depends on the form of the frasevork. This
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difference is small, and the obtained further conclusions

il i

o approximately can be pronagated to the framevork of any fdorm.
ENDFOOTNOTE.
e |
§§% Figures 3. 12b shovs current distribution in the framewdck in E
3 E

accordance vith ejuation (3.25).

In the vertical sides of the framework, the curreat 1istribution

T
- Vape ! s
wsallais ki ¢

virtually is evenly and, that especially important, is egqual in the
right f4 and left ec sides.

y Let 18 estisate the effect of the dissimilarity of currents in
the upper and lover sides of the framework. Por this, is increased
the curreat at each point (/—x) of lowver side, so that it wvould

become equal to the current in the syametrical point (x) 3f upper
side.

Page 97.

It is natural that subsequently wve must consider the

}
;
|

eaission/radiation of current, Jiffering and cpposite by sign added.
The framevork with the "adjusted"” current on its esf is sauivalent

previcusly exasiaad framework vith unifors current distribution, and

3
i
3
4
!
3
3
3
%
!
i
3
1
4
1
4
:
;
E|
1
:
i
!
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to it are used all already obtained conclusioms. The aupplementary
current, wvhich takes place in one of the horigontal sides of the

framework, can be likened to Hertz doublet. We can consider therefors

that the action of vertical sides is retained the same as during

paiform current distribution.

In upper and lower sides the currents are essentially different.
Thus, the frasewock with nonuniform current distribotioa is
equivalent to the same framework with unifors curreat distribution
and to the horizontal Hertz doublet. Horizontal Hertz doublet will

participate in tha reception/procedure only of horizontal cosponent

of electric field, i.<., by abnormally polarized field component.

Its effective height is very small and usually the less
aeffective height of the framevork. Por example, for the sjuare

framevork (h = b) the ratio of the effective height of dipole /i to

the effective height of the frasevork /,, is approximately equal

Ha Inb

— - A'
== b2

and, in the usual relations of Ayg/A = 0.15-0.5, is 0.18-0. 60.

The action >f suppleaentary dipoles especially substantially in

the special circuit diagrams of the framsevork, intendei for the

exception/elimination of the reception/procedure of the horizontal
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component of field (see § 37). Remanent/ctesidual harsful

reception/proceduce will be deteramined precisely by their actioa.

3.4. Shielded framevorke.

Screaning of framevork consists of the metal tube, bent in the
forn of circle (or square)within which is placed the windiang/coil.
Por the preservation/retention/maintaining of the possibility of
reception/procedure a tube- screen it sust be sectional across (Fig.
3.13) . Otherwise occurs complete shadoving and reception/procedure it

is absent.

Page 98,

Such construztion of the framevork provides first of all high
mechanical its quality - the strength, vatertightness, the protection
of vindiny, especially important in marine and aviation practice.
Purthermore, the application/use of a screen provides the sysmetry of
the winding of tha framework and contributes to the

exception/eligrinat ion of antenna effect (see § 4.2).

Under the influence on the screen of the framework >f plane
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electromagnetic wave in it, is inducsd (as within the usuel

framework) the elactroamotive force, equal to

o b s b i

vhere S - an area of the bent tube of screen (counting on its

;,
et s ea B il oo b IS 1ot Sl St s 1 a2 it

centerlire), is sjual to the middle area of the turn of winding: A is

a vavelength.

If screen is closed, in it appear the currents whose action
completely coapensates for wvithin screen applied field, and
reception/procedure to the framework is absent. the preseace of
cut/section in screen excludes the possibility of the course of the
ring currents of conductivity in screen. Thus, on gap is created
potential difference, virtually equal eaf of screen E,, since bias
current through the gap is very lov and a voltage drap across the ‘
inductance of screen can be disregarded, as is evident from the
equivalent circuit diagram of screen {Pij. 3.14). the stcength of
field in jap wvill be

vhere d,; is a gap length.
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rig. 3.13. Shielled framework. =
Key: (1). Cut/section of screen.
rig. 3.14, Bquivalent diagram of screen.

Key: (1). Gap capacitance. (2). Inductance of screen.
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In each conductor, that is located in gap, it wvill be induced by

enf
E; —"E:ld]:—' E:h

Total anf within the framework, if its turn number is equal to

N, vill be
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Consequently, tha effective height of the shielded framewvork is

equal to its effective height without screen.

Withoot chanje remains the inductance of the framevork. The
shielded framevork is the systea of two connected lines: the vire of
the framevork and the internal surface of screen, the extsrnal
surface of screen - the earth/ground. Because of the
communication/conaection of lines, the natural wavelength of systen
i greater than the natural vavelength of the wire of the framework.
grow/rises, therefore,

the equivalent capacitance/capacity of the

framevork, and also the effective resistance of the fraaewvork because

of losses in screane

Conclusions indicated above are accurate, vhile the satural
vavelength of scraen is considerably less than the vorking

vavelength. Thus, for instance, with artificial increase 3f gap

capacitance voltage on it will differ significanmtly from enf, vhich
operates in the circuit of screen, and it will be considerably asore
in the case of thas tuning of the circuit of screen into resonance. in
this case, the value of the inductance of the frasework gcow/rises.

in practice the tuning of gap does not find application/use in view
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of the fact that usually the work is saintained not oan tae

fixed/recorded vave, but in certain frequency bsnd. Stractural/design

execution of scre2n can differ from that which vas described above.

3. 5. Pracewvork with ferromagnetic core.

For an increase in the effective height of the framework vwithin

it can be placed the core from material vith asagnetic psrseability,

vhich exceeds unit.

Let us examine the core, having the form of ellipsoil of
revolution and placed into uniforam (constant value) applied field in
such a vay that the major axis of ellipsoid coincides vith the

direction of sagnetic intensity (Pig. 3.3%;.

Page 100.

The magnetic induction B and the strength of field H in core
have vithin ellipsoid constant values and one and the same direction,
which coincides with the direction of the strength of applied field.
The value of magnstic induction is determined by the forsula

—_——— -
B"’1+“‘__ ”xfIO"'pilI/o.
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vhere . is magnetic permeability of core;

Hy ~ intensity of applied field (vhen from the fors of body: *
is the desagnetization coefficient, depending on the fors of body; i

" is the operating magnetic permeability.

Por an ellipsoid of revolution

vhere ¢— Ei%f is eccentricity of eliipsoid; b and c -

and seaininor axes of ellipsoid.

fith sanall eccentricities

| 2 2
*E ot eth
For the sphere
and.
IT;OAX::.-—:;—-_

Por the strongly slongated ellipsoids
%o 2(l —a) (—;-m-,—L;—1)=.k‘-,.(1n2k-—1),

vhere x = b/c.

the large

o A mbaid . ..A-JUL.;:JM.&J
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To an increase in magnetic perseability ;. once cacrcesponds an

increase in the flov of magnetic induction hov sany tises.

3¢

L

Q =
b
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Pig. 3.15. Bllipsaid in unifors magnetic field.

Page 101.

If ve do not consider the phenosmenon of eddy curreats in core, it is
possible to count that the same increase of the flowv will be observed
in the case of variable field Hy. Electrosotive force in the winding,
placed on core, also grov/rises j.u once. It is possibles to count
that the effective height of the frawevork with ferrosagnetic core
grov/tises Ha once. Is introduced also the concept >f the effectivae
diaseter of the framevork, i.e., the diameter of that air framewvork

vhose effective haight is equal to the effective height J>f this

frapevork:

D|m = l/}: D‘,.

During the practical fulfillment of the ferromagnetic framevork

to core shape in the form of cylinder wvith circcular or elliptical




. e e e T e
4

DOC = 77223205 PAGE 27
/75
cross section. In the first approximation, cylindrical core by lemgth(
and by cross section S can be for calculations replacei ellipsoid on

the condition that L = 2b and S = w»c2.

The inductance of the framevork with ferromaganetic z=3te also

grovw/rises approximately ia once.

1f ve assign the space (or wveight) of core, then with increase
in kK = b/c its cross section vill decrease. 0On the other hand, ®.
will grow/rise, since with increase in k the desagnetization
coefficient decreases. The combined action of these two factors is
led to the fact that thera is the optisum value Kk whose value depends
on the pecrmeability of the material of core and grow/risss with an

increase u.

With the used at present materials the optisus seasz k = b/c

lie/rests within the liaits:

kiww =3+5 for the magnetic dielectrics

and

k"'lf S 27 for fel'tites.

T R
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During the application/use as material of a core >f assual
electrical sheet steel for the high frequencies at which work the
cadio direction finders, appear very large eddy currents. The

paraseters of the framework sharply deteriorate, in partizsular,

poticeably it descends its quality.

Page 102.

For this reason as material for the cores of the framewvork, are

aprlied the pressad powder~-like ferromagnetic materiale apd the

ferrites.

The aajor advantage of the frasmevork with ferromagnetic core are

its small size/dimensions in coaparison vith the size/dimensions of

the air framevworke.

3. 6. Reception/pricedure to tvo spaced antennas.

One Of the fundamental tops of direction-finding antesnnas is
syster of two spazed antennas with the use of differentisl enf.

Radiation pattern of its is deterained hy the forsula, aaalogous

(2.13) ¢

IRPETIRT I STV WSS
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ie R Wy - nh . \ )
&= F2EAE, (5, B)sin ('A» sinfcos 3}, (3.30)
/

vhere . -~ the pffective height of each of the spaced anteanas;
F, (8, PB) - directional characteristic of each antenna; 2b - the

distance between antennas; 6 is an angle betveen standard to the line

of the connectiny antenna and direction of propagation.

This formula considers the action of vertical component of
electric intensity. Under the effect of the horizontal csaponent of
field, the effective height and directional characteristic of each
antenna vill be others, than for vertical coaponent, but factor sin
(2wb/X sin 8 cos B), which is the main thing during the use of a
radiation pattera for direction finding, vwill enter without change
and into expression for emf, induced by horizontal fiell. This fact

is utilized in system of tvo diverse framewvork (see § 3.7).

In the majority of cases, are applied the antemnas, which
consigt of vertical conductors, free from the reception/procedure of
horizontal field. Its reranent/residual reception/pracedure is
feasible only because of a structural/design or circuit imaccuracy in
the production of antsnnas and coupling feeders. This question is
examined in chapter 6, here ve will pause at the analysis of formula

(3.30) with tha ceception/procedure of the vertically polarized
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Page 103,

let us assuma that each of the antennas is single vertical
vibrator (Fig. 3.16). Its radiation pattern does not ispend on angle

6 and P, (8, B) = P, (B)-

The phase of resulting emf differs by 90° from the phase of
field at the center of systes, The asplitude of induced eaf, as can
be seen from (3.30), directly proportional to the effective height of
each of the antennas and depends, furthersore, froa angle 9 between
the direction of propagation of vave and standard tc plans AB, the
containing antenna, and also fros distance betveea aatennas 2b.
Badiation patterns in the horizontal plane examsined systeam are
represented in Pig. 3.17 for the different designating oa curved
values 2b/X. The character of the dependence of resulting eaf on
angle 8 changes ducring the transition of value 2b/X\ throujh value of
1/2. thus far 2b/A € 1/2, i«.e., thus far the distance betveen
antennas is less than the half of wavelengtk, during a chinge im the
angle 9, are detected tvo maxisums of value E: at 0 = 909 and # =
270° and tvo minisums: at 8 = 0 and ¢ = 180° This is evilent froms
Pig. 3.17, where are represented diagraas for 2b/x = 1/10, 2b/N = 1/4

and 2b/» = 1/2. The value of maximum eaf is detersined by the
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Fig. 3.%#6. Reception/procedure to two spaced antennas.

Kays (1) . Receiver.

Pig. 3.17. Radiation patterns of reception/procedure to te#o spaced i

antennas.

Page 104. }
This value yrow/rises with increase 2b/x up to value 2b/N = 1/2,
vhen ve obtain a2 saximally possaible valus of onmf:

Ennuo Mane — QF-/'@F. (a)- (’331)

During further increase 2b/\, the value of eaf for i1irections 90

and 270° begins to decrease and the very character of 3iajraa

changes: the maxiaum of eaf is obtained not vith two, while at four
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values of angle 9 (see PFig. 3.17, radiation patterns for 2b/\ = 374

and 2b/x = 1) deterained fros the equations

§ = arcsin 3-}‘»-.

#ith a fucthsr increase 2b/)\, the radiation pattecrn acgquires

sultilobed character.

The value of maximum, as before, is equal t8 £, .ucmave=
2ERF, (3)- The mioimums of esf and in this case retain their position

at 8 = 0 and 1809,

Let us pause at the frequently encountered in practice case vhen
2b/\ €< {, In this case value 2¢b/N sin @ is very low and its sine
can be replaced by argument. Then vwe obtain the folloving expression

for eaf of the system:

E= ‘l'_‘;i' F,(®)EsinlcosB= Eupyesini F,(pjcosp.

Radiation pattern in horizontal plane has a fora of aight. In
vertical plane vwith P, (B) = cos p (short vibrator) diagcas P(p) =
cos? fB.

Page 10S.

Calling the effective height

of systes Ii- the neijhtrsaltitude
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14
of the dipole in which is induced emf, equal to saximua amf, induced
4 in the system of tvo antennas, we obtain
dpn 2o b he=2n,sin BT,
M 2ok o =2
Rey: (1). with.
ﬁié Let us deteraine the slope/transconductance of the cidiation
”:' * pattern near from the direction of zero reception/proceduce, vhich ;
frequently characterizes the quality of the radio direction finder: é
. E
4 ‘i F'(O)=3££cos$ﬂ (®)- ;
Slope/transcoerductance increases proportional to the 1istince between
antennas. However, with Zb/)\ > 1,2, as it is already notsi, radiation
)

pattern becomes multilobed, which leads to the eultiformity of

bearing. The analysis of system from the directional spacsd antennas

is given into § 3.11,

3.7, System of tvd diverse frasmevork.

. o
it i s g e A I S e 7 AR ol i s ikt pie e oL e

Antenna systam consists of two identical framevork, been

connectad in series, one towards by another, and placed osa certain

JORTVIY ARSI

distance one frome another. Both framewvork are fastenad on the axis,




2
ol

&

AR

T
G

n

i

b

|
el S e

prey

ooy

e & e meemimen e emmmmp s ey —wpe e Cas g ckvrmeow e wm cemrge@l 0 WAV RS e Remnds G whReeT T DNTTE D e sk dEeE TR aE oS

Areie fai by S TR e e\ iy a el i i v

DOC = 77223205 PAGE /3‘;"}

passing through the line of the symmetry of systea, anil taey can

together rotate around this axis. Are possible two vecsidas of the

execution of the antenna system: the planes of the frasevork can be 4
or are parallel t> the plane, vhich contains their axes (longitudinal ij
franevork, Fige. 3. 18a), or are perpendicular to it (tcansverse r

framevotk, Fig. 3. 18b).

Undec the influence of a norsal-polarized electrosajnetic vave
of eaf, induced within each framework, it will be: in the case of the

longitudinal framsevork

E.::— iz"f’vEsin'),

in the case of the transverse frasevork

. 2nSN

E.-’—"——]TECOSB, '
vhere 8 is an angle betveen standard to the line of thes connhacting ,;
frasework and dicection of propagation. :

Page 106.

Resulting enf in accordance with (3.30) vill be obtained equal

: - o dnh . ()
to E= 4_";‘2/1 E sin 0sin ’G—:— sin f cos ,1) AR HPOLOABUBIX  PAMOK,
. \
. SN . /28 . {2
E= "_";ﬁ Ecosl sin ( --:— sin 0 cos ﬁ) AJR TIDICPCHILIX panMOK,
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Key: (1). for the longitudinal framevork. (2). for the tramsvarse

fraaevork.

If the sizes/limensions of the framevork and the distance betvesn
thes are smal)l relative to wvavelength, both formulas are siaplified.

Then for the longitudinal frasework

£ -F AviSV (20)

0 sin?f cos 3, {3.32)

for the transverse framewvork

E=E ~’£‘§:.-(?£L sin 20 cos J. (3.33)

The radiation patterns, which correspond to foraulas (3.32) and

(3.33), are represented in Pig. 3.19.

The radiation patternm of the transverse framework has two
supplementary of zero. However, this is not created difficulties in

the determination of bearing, since vith the direction finding of sky

vaves supplementary zero are obtained ill-defined.

cbnebce A b it 0t bl 5okl
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. Pig. 3.18. Diverss framework: a) longitudinal; b) transverse.

Page 107.

Let us examine the effect abnormal-polarized of the component of

electric intensity.

If enf, induced by abnormal-polarized £ield component in each of

the framevork, is equal to ([, then resulting eaf will be

Ex vor == 21 sin (P sin b cos )- (3.34)

In accordance with formula (3.20) during y = 909 and ;, -0
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Ee=j=3-~ Esinfcosl 138 npoloabimx paok,
1\ po p

. , N . . i
£, = 2-"~f-— Esin8sing aan I‘IOLI%[\K‘HHMX PAMUK.

Key ¢ {1) . for the loangitudinal framework. (2). for the

transverse fraamevork.

Proa exprassion (3.34) it is evident that eaf, indaced by the
horizontal componant of field, is turned into zero at the same angle
o = 180° at which also it is turned into zero emf, induced by
vertical field coaponent. Hence it follous that, although the
radiation pattern of the reception/proceiure of an abndy>crsal-polarized
field differs fros the diagram of the reception/procedure of a
normal-polarized field, one of the zero lirections (pecpeadicular
line, that connects both framework) is retained constant/invariable.
This fact determines the possibility of error~less direction finding

of sky waves.

Prom the viawpoint of the possibility of the directiosn finding
of sky vaves, vhich especially steeply fall, is substantial also that

that for a vertical electric field the framevork does not possaess

directivity in vertical plane.
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PFig. 3.19. Radiation patterns: a) longitudimal framewdck; b}

transverse framework.

Page 108.

Therefore the recaption/procedure of the steeply incident wvaves
occurs vithout the veakening of the effect of vertical field

component.

In the given analysis are not taken into account the dipoles,
equivalent to the action of nonuniform current distribution according
to the petimeter of the framewvwork. The circuit diagram of the
franevork aust eliminate reception/procelure to these 1ipsles in
order to avoid the displacement of the direction of z2ro

reception/procedure .nto the resulting radiation pattera. Wich

the transverse framevork (Fig. 3.20) dipoles are incluleld contrarily

Tb%!f)
and are sysmetrical earth referenced. effect on the displacerment of
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zero directions is eliminated. #ith the longitudinal framevork is
possible their location in accordance vith Fig. 3.2%a or Pig. 3.21b.
With location on rig. 3.21a the equivalent doublets are jiaclnded to
tovards each other, but their syametry is disrupted by the
dissimilarity of location relative to fesder, @ith the location nf
the framevork on fig. 3.27b the egquivalent doublets ares vertical and
included so that their eaf store/add up. Emf of the eguivalent
doublets vill cause the considerable displacement of the sinimums of
radiation pattern and, therefore, large errors. Thus, one should

prefer the use of the transverse framework, presented ir Pig. 3,20.

Por the exception/elimination of the dependence of the
pactapeters of the framework on the dissimilarity of groual
conductivity, and also on the inequalities of soil and for the

exception/elinination of antenna etfect it is necessary to apply the

shielded framevork,

Decraase to 2 certain extent of the effect of the asyammetric

location of the frawmevork is achieved during the application/use of

the so-called doubled framework (Pig. 3.22;.
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a) ! !
D) KaﬁLw—‘
# s

f‘n%};o F'?z.zu F,gs.;;

Fig. 3.20. Transverse framework with dipsles.

Pig. 3.21. Versions of connection/inclusion of longitudinal

framevorke.

Pig. 3.22. Doubled framewvork.

Key: (1). To feedar.

Page 109,

These frasework are attachhed to axis in the center of gravity,
thanks to which i3 improved also the mechanical of stability and

decreases the moment of the inertia of system during its cotation.

Within the doubleld framework decreases the harmful effect of the

action of the equivalent doublets, since instead of one dipole in

o gan2 b wk kol . ned

fy hu..d&ﬂdL.— P I . V. LU VA
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Wl thea is obtained vapor, operating differentially.

vt
i 3
& Such framevork are of interest, also, for single applicatjion/use E
W aboard ship [ 10.3).

Rl A S
;

£ 3.8. Combined reception/procedure to the open antenra and the
< |

r directed systen.

¥

Besides recept ion/procedure to the framework im ralio direction

finders, is applied the combired reception/procedure to the open

antenna and the framevork.

v

Is feasible also the combined reception/procedura ty the open
antennas and two spaced antennas, or to the open antenna and to
goniometric system. theory presented below of the coabined

reception/procedure is equally used to all these cases.

The schematiz of equipment/device with rotatable loop is

represented in Pig. 3.23.

Blectromagnetic wave excites emf both within the framework and

in the op2n antenna. The appearing in the latter current in tura,
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induces enf in the duct of the framework because of mttual inductance

M. On the grid of receiving tube, operate, thus, two eaf.

Enrf,

according

where ,

Enf,

induced in the framewvork by incoming electrosajnetic field,

to foraula (3.24) can be determined by the expression

£ — BN G0 g = — jBh, sin 0, (3.35)

is the affective height of the framework.

induced in antenna, is found in phase with the field

/;.1 = E/’m

M

~1

Yig. 3.23. Diagras of the coabined reception/proceducre to the

framevork and the antenna.
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Page 110.

Current in the amtenna

[, —=Enel?, (3.36)

fi,- the effective height of antenna;

R, «L, 1/uC - active and reactance by the agtenmna of ziccait.

Duriang conclusion in viev of the smailness of

comaunication/connection the reaction of the framework to antenna ve

disregard. Eaf, induced by this current within the frazswdrk, will be

Ey= o], == joM 5= &, (3.38)

Pinally, resalting esf vithin the frasmevork froa ejuations

(3.35) and (3.38) will be

%
]
]
g
éi

o ot w2kl Lt v
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Ity

E= lfl.—{«E"l.z—-jE [h‘.sin—'— m,-’\l}n- c”j_—-.

) P Na 1 el oo\ T
-~ --jEC L sinfl—wAl " cos == hsing el
’1/\" WA eose) ¥
{3.39)

hy .
wAf 7 singy

where g ?‘ = n
hpsin® — oM ;'— cosy
a

Proa expression (3.39) it is evident that eaf of tha framework

consists of three terams:

1) eaf, induced dicrectly vithin the framevork aanl iszpeadences oa

the angle of incilent vave 9;

2) by esf, wvhich occurs from the phase is componaat/term current
in antenna and n>t depending on angle é6; it is found in phase froas

the first;

3) by eaf, which occurs from the extra-phase cospdii2at of
current in antanna and also that which not depends from the andla of

iacident vave; it is out of phase to angle »/2 vith respazt to first

eaf.

Page 111,

s PSR . .
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Por larger clarity let us examine tvo special casas:

| ) esf, supplied by antenna, is found in phase from smf, imduceld

in the fiamework lirectly, i.e., ¢ = 0. This case occurs, as can be

seen froms equation (3.37), when antenna is accurately incliined to

incident wave, and therefore <% =R. [p this case, resulting eaf is

z

egqual to

E=—|E (/1‘. sinf — 1",;‘—' ln.> =—JEhsinb—a), (340

oM

Y vhere GST%'- the ratin of eaf, induced vithin the frimework froa
.

the open antemna, to emf, induced within the framewvork i3 direct.

LR CATRERTS

Maxisum the asplitude of resulting amf reaches, vhen sin 6 =

L St AR A

.-1' 1090, 4 = 2'000

TR

Eynice = E/lp(] - al.

Rl 1l R A B L Al

At the angla of incident vave 6 = arc sin a, resuitiig enf is
equal to zero. It is obvious, such directions with a < ! vill be tvo,

syametrical relative to the direction oriented radio station.

Caaliie ol ith Al b MEREA R A

The lerived relationship/ratios are represented graphic on Pig.

3 3.24. In the fora of tvo concerning circumferences, is represented

‘ .‘.u:uk T T Y T T v TP FPIT WP Y Y 1O PP SR Y
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heart-shaped diagcan to the framewvork, and, since duriaj the
transition throuja 0° emf is changed its sign, right circumfecence it
is marksd by sigan "+%, and left "“-", Heart-shaped diagram to antenna
is depicted as clrcusference with center in pole (radius-vector =

const). To voltajs from antenna is conditiopnally ascrided sign %er,

Stora/adiing up taking into account sign im each direction the
radius~-vector of direct reception in frasework and raiius-vector of

reception througy the antenna, we obtain the resulting diagran.
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‘ FPig. 3.24, Raliation pattern of the combined reception to the
? ) framevork and the antenna (case of phase coincidence).
L Page 112.

AMdition is nada with a = 172 and a > 1.

on Pig. 3.25 this adjustment is sade for case of a = 1. The

obtained in this cagse curve he is called cardiold. In this case

[==— jCh,(sinh—1).

Both directions of the zero reception of the cosbinal diagras

are pourel into one at 8 = 909°.

With a > § casulting enf, pon-vasishing at vhich vilue & (Pig.

Ja24).
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than less by a, the nearer the fora of the diagraa >f reception
to eight; than by a sore, the more the fora of diagram it recalls

circle.

2. Baf, induced by antenna, is out of phase in v/2 c3lative to
its owvn frase saf, i.e., ¢ = 90°, This case occurs when antenna is

strongly letuned in Erequency, since in this case

ol — gz > R

and tg ¢ is great.

To Pig. 3.25, is shovn the addition of the directal
characteristics far this case. Radius-vectors here aust storesadd up
geometrically, siice betveen thea is phase displacemeat 90°. The
module/solulus of resulting emf according to equation (3.39) is equal

to

E=E 1/‘/1 sin” 0 4- ﬂh.) =Eh,/ sin*h - a,

(3.41)
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Pige. 3.25. rig. 3.26.

Pig. 3.25. Cardiold.

"ey: (1). Besulting diagram. (2). Diagram of anteana. (3). Diagram of

the framevork.

rig. 3.26. Raliation pattern of the combined reception to the

frasevork and the antenna (case of phase displacement in r/2).

Page 113.

The acxiaum >f resulting eaf occurs at 6 = 90° or 8 = 2709:

Evare= Ehp ;/1 ?;:(.li. (3.420)

Baf i8 turned here into zero not at vhich value 0,

but has only

R T N P T IR TONTYER .

oy
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a miniasum wvith sin 8 = 0, i.e., at @ = 09 and 6 = 18)09,

The liagcam >f reception, which is obtainmed in tais case, shows
that the conditions of radio traffic deteriorate. Therefsre such
radiation patterns are undesitable for purposes of diresction finding,
but, as vill bs stated in §4.2., they appear with incocrecztly
selectel 1iagram and construction of external device (prasence of the

antennra ef fects).

In the general case when radiation curreant has twd craponents:
in phase and out >f phase to 90° relative to eaf, ara obsarved the
diffuse ainiaums, vhich are distinguished betveen thesselves to the

angle, umequal 180°.

In the case >f the diffuse mipnimum with direction fiiding for
audition, is obsetved the angle of the equal to aadibility on

bisector of which is counted off the bearing.

3.9. Botionless lirectional antennas vith cosinusoidal dicectional

characteristic.

Earlier ve examined the directional antennas with c>sinusoidal
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characteristic, wvhich for obtaining a change in the intensity of

reception in accocrdance with directional characteristic sust be

revolved.

In radio licaction finders are applied also the motionless
directional antennas. Such antennas can be undertakea greater
sizesdimensions tian rotated, and removed from receiviag indicator,
vhich is sometimes necessary (for example, aboard ship). Yost

frequently is utilized goniometric systesa.

The operatinj pcinciple 5f this systea, which consists of tvo
mutually perpendicular framework or the pairs of the spazad antennas,

is described into §2.3.

Oon Fig. 3.273, is depicted the schematic diagraa >f joniowetric
systea of two mutually perpendicular framework; on FPig. 3.27p, - a

form of the same system in plan/layount.

Page Y14,

Let us examine in more detail processes in system of two
framevork. The ejuivalent diagram of this system is jivea on Pig.

3.28. Let us accest the following designations:

NN RERPrY
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E, - enf, induced vithin the first framevork;

B, is emf, induced in the second framework;

Zi1e Z22¢ 233 - inpedances of the ducts of the first and second

framework and seacch coil of goniometer;

2,2 -~ nutual ispedance between the ducts of the framavork (with

the field coils);

2,3+, 223 are mutual impedances betveen the ducts >f sach of the

framework and the Qduct of search coil of goniometer;

L3, T2 Iy - point in the ducts of framework ani seicch coil of

goniometer.
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FPig. 3.27. Goniomstric systes of two mutually perpendizular

frasewvorks: a) gaaeral view; b) plan view.

Key: (1. Field cdil (c). (2). search coil. (3). Piell =>il1l (a). (4.

frasework/body of search coil.
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rig. 3.28. Diajras of goniometric system.
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Page 115,

o

- Qh.lj‘. il

It is possible to vcite the follovwing equations:

S

adid ¥ oL

,nzu + /:Zu + /,Z,, = E,,

IIZII +_lnzu+/.‘zn"_‘£|'
(3.43)
1z,,+1.2,,+1,2,--0.

Solving thess egquations, wve obtain for current 1; in search coil i

of the goniometer

EviZuZp—Zulw) + _EJ_(Z.BL’—'-_—,,MQ)- —. (341
y -—Z“Z]“—'anii

l,=

ZnlnZn 4+ 22ulnla — Z"Z::,’3

Ve assume that the geometric dimensions of systea are saall

relative to vavelength., Then

E,=E, wuuccosh, } (3.45)

E,=E,ynancsinh,
vhere Eunae E2nve paximum emf within the framework, inluced during
the coincidence >f the plane of the corresponding framework with the

direction of incident wvave.

Purther with the cortectly constructed and preparel framevork

and the goniomater, must be fulfilled the following requirements:



|
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Z,=0, M, vave = M, sawe = M,

Z“::_ Z"=Z, Z,,-:—/'uu”, ngig COS A,
(3.46)
Z,,=— joM, yaue Sina, E vave = Ly yune == Cligy,

vhere /as-  the effective height of thes framework, in raference to
the points of The comnection of the field coil of goniometer;

Misae. Mauane aaximus mutual indactance betveen search coil and

the correspondiny field coil of goniometer;

a - the angle betveen the standard to the first £islld coil and

search coil.
Page 116.

After substitutinj expressions (3.45) and (3.46) in (3.44), we will

obtain
s wMEh., .
,. - / ZZ,,__—; wlAf? s (“ - a) ==
wAMEh,, ) o
= T i, Sin (- a), {3.47)
7 \Z,, =y

vhere w2n2/% is the resistor/resistance, introduced by tha duct of
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the framework into the circuit of search coil of goniomater.

Accucrately tae same current 1, we wduld be obtained in the duct,
inductively connected with the rotatable loop, turned telative to
initjal direction in angle a. In this case, a sust be equal to the
angle of rotatioa »f search coil of gonismeter. The param2ters of
duct and cotatable loop coincide with the parameters of the coils of
goniometer and framevork of gomiometric system, but tas aitaal
inductanca of tha duct and framework is equal to the marximum mutual
inductance B of the searching and field coils of goniometar. The
equivalent diajras of system vith two framework (Fig. 3.23) let us be
guided luring tha calculation of the effectiveness of goniometric

systes (see Chapter 7).

The obtained results can be cosmon for joriometri: 3ystes of two

pairs of the spacsd antennas.

The coils of joniometer it is possible to wind on framevork/body
fros insulation (air goniometer). Coupling coefficient batween field

and search coils >f air goniometer is limited to value J.8-0.5.

!
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Pig. 3.29. Equivalent diagram of goniometric systes.

Page 117,

With the target/purpose of an increase in the coupling coafficient,
under the coniitisn of the uniforsity of magnetic flux, ace applied
also the goniometers with ferromagnetic cores (Pig. 3.30). As
material are applied the magnetic dielectrics (carbonyl, Alsifer ani

others) and ferrites,

In such gonidmeters usually the rotor (search coil) is placed

vithin stator (£fi214d) coils. On mediuu~frequency vaves there are

constructions vhace the stator coils are mounted vithin rotor coil
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of farrite core goniometers, the coupling cvefficient between

searching and field coils reaches 0.7-0.95. Good accuracy vith iarge

coupling coefficient provide coils with anifora vimding/:-oil on

ferrite tori. Beginning and the end/lead of each winding are

P connected. Remdval soutlets of stator coil for the connactlon of the

; frasework are taksn through 90°, 0f rotor the removal/outlets are

taken froa ths diametrically opposite points of winding. Por

obtaining more unifora field, it is necessary to carry >ut a

' nonunifors winiinj/coil of rotor, approxisately according to
sinusoidal lav, and to take removal/outlats froa the aidiles of the
sost diverse turas. Sometides Of rotor are pade the supplasentary

. removal/outlets, shifted to 909 relative to fundamental, for use

during the detersination of the side of radio station {10.5, 4.6).
For a decrease in the capacitive coupling, is applied the
electrostatic shisld (see Pig. 4.17). Hovever, an increasa in the
capacitance of vindings by housing impedes the use of such

goniometers at a>te high frequencies (large 25-%0 MHz).

Ingtead of tis inductive goniometer it is possible to apply the

capacitive goniometer, vhich is adjustable capacitor >f tvo systeas

e 8 acklili L e il

of stator plates and one rotor.

LR A ey et R W
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Pig. 3.30. Goniomdter with the ferromagmetic core: 1 - field coil; 2
- field coil; 3 - search coil.

Page 118.

If is sade the¢ reguiresment for the cosinusoidal law of a change in
the coamunication/connection betveen the rotor and each stator, which

is realizsd vith the special form of the plates of rotor, then for a

i
i
3
5 |
%

capacitive goniometer they remain valid of the relatiosaship/ratios,

derived for an foductive gonioseter. E

?

To Plg. 3.31, 18 shovn the schematic diagram of the input part j

of the goniometric radio direction finder vith capacitive goniometer ;

during tha application/use of spiral loops. In the used at present ?
goniometric systess, predosinanmtly with inductive gonideater, are

utilized the unaljusted framework. The application/use of spiral ?

_ad
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loops is inconvenient, since during their use is requirel the

preliminary fine tuning of both framework for the fregueacy of the

oriented radio station on the local oscillator, vhich cosplicates

vork [L.8, 8.29).

3. 0. Gonliometric system from n of the spaced amteanas.

In 63.9 is eramined antenna system of four spacad aatennas. In
the radio direction finder of goniometri:c system vith the spaced
vertical wire antannas, it is possible to use another nuaber of
antennas. Let us examine the general cass by the antaans >f systes
vith n by the spaced vertical wire antennas (Pig. 3.32). Antennas are
arrange/locatel in circumference at equal angular distance 2#/n one
froa another (t, 2, 3, ..., n), the radius, carried oat t> the n
antenna, coincidiag with initial reference line. Bach antenna is
connected to the appropriate field coil of goniometer (I, II , IIIX,
eese W). The nuasbesr of field coils is8 equal to the nuabder of
antennas: K = n. Phe mutual locatiorn of field coils on
comson/general/total framework corresponis to three-i1iieasional/space
antenna locatisn. Field coils are connected by star, comson point can
be grounded. Inside of f£ield coils rotates search coll (bb on Pig.

J. 32a) .
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Pig. 3.31. The schematic diagras of goniosetric radio direction
finder vith the capacitive goniowster: 1 - the first fraasvwork; a)

plate the 1st stator; b) the plate of the 2nd stator; =) the plate of

gotor; 2, the seci>nd framewvork.

Page 119,

Rach field coil creates its magnetic field. If ve accusulate the
nagnetic fields of all field coils, then in the correctly designed
radio diraction finder, as in the simplest goniometric systes with
tvo sutually perpendicular framework, ths direction >f th2 resulting
field in joniopetsr foras with standard to the n field coil the sasme

angle, whick the direction of the oriented radio statisn is formed

with initial reference line.
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According to the scale of goniometer vith auditory
direction-finding method, is counted off the angle betvees the plane

of search coil anl the perpendicular to the n field coil. ¥When
current stcength in search coil is equal to zero, This anjle
corresponis to bearing to radio station,
Let us detecsaine current in search coil of goniometer.
Let us designate:

Bg -~ the strangth of field at the center of systen;

9 Ils an angl? of the direction of the arrival of vava in

horizontal plane sith the radius, passing through n-s antenna;:
B - the angla of the slope of a front of vave;

2b - the diaseter of a circle of the arrangeaent/pzcautation of

antennas.
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Fig. 3.32. Antenna systes from n of the spaced anteanas: 1) the

circuit of the cosnection of the field coils of goniometar (1, 2, 3, }!
sesy N = antenna; I, IXI, III, ..o N - the field coils of goniometer,
b-b - seacch coil of goniometer); b) location n of anteannas in

plan/layout.

Page 120.

On n-d antenna opsrates the electric field vwith streagth [, =L,

el T
|- N Lon ok

At the point of the location of the m,antenna, i1istaat t> angle

2va/n from the n-th, the strength of field will be
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where a = 2¢b/A 38 B, 8§ = 2v/n, O - 6w = 7.

It is knovn that . *<*' 4t is possible to expani i1 Poutier

series -~ Bessel

/- cosy __ =] ((l, _1_2 \“ I'Jl' ((I)CUS I)Y. (3.49)

p:l

and is analogous

2l xm
[_-cmﬂ:m l- T)

R 2nb N L
e =1 (Frcos 8

-2 E ity \—)‘— ™ cos )cos P2 \') - 2'—'1) (J.4Y)

where Jo, Jgs Jgs sney :rF vith first-order Bessel faiction the

zero, first, secoid, ..., the p-th of orders.

If va designate by /.. the effective height of antenna, then esf

of the » antenna vill be

Em“-E,l‘OL \ﬂ,cosﬁ}ﬁ‘
"‘QVI I, (—‘-COSQ\Coip\ 2—':‘-"1)].:
P= I

R"\--E A, cos phcos ——pm

_.2 A, cos p \‘: -

=0

. . on
-i—z A, sin plisin =P,

p -0

(3.50)

2 3eker s s,

kil
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vhere

Ay = L, (2{{7 cus 5), A osy ™ S0, (1%"— cus ;l)
(3.51)
Page 121,

. Equivalent diagras for calculation.

Por deteraining current in search coil of goniometar, one shoull

solve systea froa (n + 1) the eguations:

,|z|n + [.Z" -+ /azu +...9 /,,Z‘,, -+ /uZm = L. i
‘ilzll ";‘ lazu + Iazu ‘II_ cee e /vlzxn :" jnzil' == E" l
L2412+ 1,204 oo+ nZan+ [ hZo = E
lnzm + /azna"’:‘ laZ.m +.oe /nzun - Inznu =0.

— ——

»

Here I,, Iz, I3, c9oey 1 — currents in the field coils of

goniometer t;

e
Zyge %2220 Z33¢ +eese Znn —- the intarnal resistances of the

circuits of field coils with the appropriate antennas:

I}n and 7Zr1n ~ current and the resistor/resistanc2 >f the duct
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of search coil of goniometer;

Ze2¢e 2130 ocey :Lwﬁ - nmutyal ispedances of circuits the 1st and
2nd, 1st and 3rd, a-th and j-th field coils;

ZW'Z“"‘“‘Z““'lutlal impedances of field coils vith search

coil of gonjioseter.

FOOTNOTB '. We ciasider that the currents in antemna mounting and in
the field coil of goniometer coincide in value anrd in phase.

Calculations are given in chapter 7. ENDPOOTNOTE.

We consider that netwvork elements of all antennas arae coapletely

identical.
Then
yn=ly=...=lpn=...=Lyw=... =2y, juol,,
(3.5.3)
vhete <o the resistor/resistance of antenna itself:

Ly the indactance of field coil.

Lovt el FRTTPPTERY
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On the strenjth of the symaetry of the arrangeament/pesrsutation

of antennas (see Fig. 3.32b)

zm. m+|=zm. n-|=zo|; zm. m+:=zln. mag ==
=Zc.;o-ozm.m+h=zm.m-h=zch~ (354)

Page 122,

These resistor/resistances are accusulated from mutual impedance of
antennas themselves and from austual inductance betvean thas field

coils, connected in these antennas.

The solution of system of equations (3.52) for all carrents very

cusbersomely asd is not given.

Without solving system of equations (3.52), it is prasible to
conduct the calculation of current in search coil in the followvwing

order:

a) to determine currents in each £i21ld coil, on the dDasis of enf
of antenna and iapedance of antenna circuit, taking into account the
resigstor/resistances, introduced from the circuits of stha2r antennas,
at the broken ciccuit of search coil of the goniometer wvhan it not

coupled ispedance into antenna circuit;

b) to find the open-circuit voltages, induced by tas currents of
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field coils in search coil of guniometer;

C) t> calculate iampedance of the duct of search coil taking into
account the resistoc/resistances, introdaced from the circuits of all

antennas;

d) t> detersine current in the duct of search coil »>¢f

goniometer.
It is feasible calculations in the indicated order.

a) for the Calculation of the current of the m antenna ve will

7

use egquation froa systea (3.52) for the circuit of the nnnntonna:
L2120y AL Ziie oo LZin +
' + /"Z,,," == En:- (555)
We assusd taat because of the symmetry of the systea of the
antennas of the amplitude of currents in all anteana ciccuits are

i{dentical, the phises of currents are determined by the phases of esf

in the appropriate antennas, i.e.,
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/= ,Muuc(',ﬂ cre=b
1 ,,-’T‘- /Mauct‘/a CM"—"}.

1 ............ (3'56)
ﬁ /m= llm.uoela cm(l-mt)' }
; ............ ’
‘ /n—-luuuoc“ cor )
::

;

o Page 123,

After substitutiny in (3.55) expressions (3.48), (3.53), (3.54) and
(3.56), we will obtain

.
i N M v gk,
Ptk il

P s

: facos(d—lm) . . e by —
/unuc {(zno'*‘ I“’L")C m + zﬁ le/acn[l A {m— D} _{_
. -3 i, . j - TR
_T_elucull (m¢ ),l : Zc,[?m cos [8—3 im0y

/ 0 —=d{m+2 . ' . —
+eacol (m+ ”]T”-'T‘z(_ " [C ja con (9 a.nj}:__
2

. = £, = A e = (3.57)

for even nusber 5f antennas. If the number of antennas is odd, then
last/latter ters in the curly braces is absent. Let us uss the
formula of expamsion (3.49') for the coaponents of expression (3.57),

aoreover ve vill be restricted by tvo members cof series %:

[T PN S TS T T T RO RC Oy .. I W W QrF TN Ty SO g~ -t SE

PRI T

IR TR

o

[.\ ittt dh LS e

L OO s =z T R
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Laavo {(Zag -t joln) o (a) + j24, (@) cos (h — &m)] -}-
422, /o (@) + j21, (@) cos () — dm) cos 8] -
+92Z ¢ [/, (6) + 12/, (@) cos () — Bm)cos 28] 4. .. ==
+2 , Usa)—j2i, (a)cos(h —dm)j} =
¢z
= Ealt o |/o (@) 4 j2/, (@) cos (h — dm)]. (3.58)

ecigrie ORI S

A e

POOTNOTE t. This limitation sufficiently for the establishaent of the
conditions of the error-free operation of systea (sea §i.3).

ENDFOOTNOTE.

The voltaje >f antenna has twvo compoments: depending on the :
direction of the arrivel of wave j2C./i..J, (1) X cos()-—bm) and
independent of it [/i./ (1)  de respectively have two dif ferent

equations for determining antenna resistance.

For the component voltage of the antenna, vhich dapeads on the
direction of the arrival of wave, complete antenna resistance is

expressed

n—1
Z,=Zuytjola+ N Z..,cosbm, (3.59)

e

1 e g - i
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independent of direction & and the nuaber of anteana. Por the
cospoment voltage of the antenna, independent of the direction of the
arrival of wvave, the expression for cosplete antenna rasistance takes

the fors

n—
Z' i =2y -k juoly - X e (3.54)

Page 124.
Let us calculate antemna resistance (3.59).

Nutual ispeslances of antenna circuits <Z-» consist of mutual

iapedances of antannas themselves Z..a and the autuai inductance

of the field coils, connected in antennas. He asgsume that if the

angle between the planes of tvo field coils is equal to Sa, then the

A B b by ai i

sutual inlactanca of sach coils is egual to KL, cos 5s, vhere K

i

is a coupling cosfficient betveen the fisld coils, planar.

Thersfore

)
IR L UK BT

3 n—l n-l n-t

Z e oS bt = \1 Z o o COS S H- jol, K ): cos® b

m=1

msl m =1

Since

=\

2 cos? b = -'2'— —1,

m=\

PP Ty P vy B UTre T vy 7 1" NS N I}

e g
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+hen

[ n-1

E Z . cos bm == E Z e av0s bt 4 ol K (g — 1)
m=l m=1

and complete an%azana resistance (Z,,) vill be
n-1 .
zuzza,,-§-2‘| Z e a COS bR +,'«.L,.[ K (—; - 1) + l].

m=1 (3.60) E
\ Al
The aaplitul2 >f current in antenna is designed fros the foraula E

Eohteo (3.61)

IMM“:: Z,.; .

b) let us datersine the opes-cicrcuit voltage L. with the
induced currents >f antennas /= in search coil of gomiomater,
considering that search coil foras angle « vith standacri to the plane
of the n field coil and that the magnetic fields of field coils are

unifora.
Page 125,
Let us designate:

Mu.ne- #axisun mutual inductance betveen field anl search coils ',

of goniometer;

7

Mo == Mae sin (bm — a) sutual inductance between I“Elali and search
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bt

é{ coils of joniometer.

i

o Then 3

% Eu=fjoMuaxe \: sin(dm —a) /., = k-
; nt=:) .

::.: ’ 'uM-II\' . .

o = ,_ZTEE,.s.n(snx—a). (3.62)

{V ‘ m =i

1 -

*

, After substituting in (3.62) expression (3.50) for £., ve will
' obtain
i !

"

r . @Muaue -
Ey=j 1-272 [(2 A, cos plcos g;?—pru-{-

m=} p=0

a0
+2 A, sin plsin 2,—':pm> sin (?f-m — a)]
p=0

n o
r H “1ulllf
Ew=j %—-2{—[(2 A, cos p’)cos?—"- pm X
ol n
p=0

m=|

or

a©
2n . . 2r in 3
= f = A i
X cos = m-f—E A, sin plisin = pmi cos = m)sma ,!+
p=1

oo
LT 2 .
-:—L(S A, cos g cos —::-pmsm —2-:,1 -4
=0

- . . 2m .o 2n
-}-PE:'A,,smpOsm-Tpmsme)casa]}. (3.63)
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After using the transformations, given in appendix If, ve wvwill

obtain
Eg=j “";.-:-2 > {[ 2 Anny,Sin(kn+1)0 —
A=V
— ¥ Aun-,sin(kre—1)0|cosa— Aung, €08 (Rn4-1)0-f-
>
+,2=, App.,cos(kn—1) U] sina } (3.63)
Page 126.

Let us write expressioas for £, in the following fora:

En == —“—2. i 0y Lo (3.64)

vhere Hir~ the equivalent effective height for the directional

recept ion of goniometric systes from n of the vertical vire antennas.

On the basis (3.63°), (3.51) and (3.64) we have
H o=l {./ S heos /sm (h—a)4

-t (Brbeos )y sin (e = 1) —al
/

\f

RN ("’% bcos s) sin{(n - 1) —-a] ...} (3.65)
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sadf

POOTNOXE !. Before the expression /.« is lowered aipnus sijn. Teras
with | designats stress coaponent, out of phase in »/2 froa

fopdasental. Por jreater detail, see §4.9. ENDFOOTMNOPE.

If the diameter of the arrangeament/peramutation >f aatennas
(separation of antesaas) 2b is selected so that it is passible to be

festricted one ficat term of a series (3 65), then

Hoyg = hoottd, (?;, beos ,3) sin (6 — a)

and
Eon= 2Axave g7 E, sin(h - a). (3.64")
Z:lt
vhere
Hogo = Meott, ("{i bcos p). (3.66) -
#ith p = 0 ve hava
H'IQIO = /l‘,ufljl (g:-' b) \3.66,)

The squivalaat effective height /Taes is saximam, when J, (2o

b) = max. Pirst cot of this eguation - 1.84 or 2b/x = ).586. Hith

Jgy(2#/X b) = 0 sgaivalent actusal height,altitude is egual to zero.
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Page 127.

The smallest value, vhich satisfies this conditisn, will be 2w/\
b = 3.83 or 2b/) = 1.22.

Pirally, in the case vhen 2b/) << 1 and J( (2#/\ b) 2 b/, the
effective height

H" agg = 5= 0k 5. (3.67)

c) Iapedance 7. of search coil consists of inductive reactancs

of search coil JoLs,, load impedance 7. and the

resistor/resistances, introduced from ths circuits of the field coils

of all antennas.

Mutual inductance between n!%ield ii by search coils

Muw= l”m\lic sin (EI” --a).

Iapeiance of search coil “as the expression
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”n u‘.“"_"

ani“Ln"f‘Zu—}—E l :“ = joly-+Zyt+
s

m=|

H

e
+3% 2 sin? (5m — a).
al

Taking into accouat that & = 2e/n,

" n
. g 2r or n
sin* —— m— 1= =

m=1 m=l

and

n n
Ysin 2% = 2r
L Sin - m= E cos — m =0,

m=l m=|
ve obtain for Z,
. wiA?
Zu=jola+ Zy+ —2= 2 (3.68)

ai

Page 128.

1) @xpressisan for a current in seatch coil on the basis (3.64')
and (3.68) with not the very large separation of antennas (see
(3.649) ] vill be

: " WMuane .
fa= 3t = 553 HagBasin (0 — a) =

(1
@A{l.neh,nll \"AA b cos a ) n
= E,sin{h —a). (3.6
n ] |

(/WLH + Zn) l.; 4+ W’l”iﬂ“. ‘..)'

A‘Amm“‘h..mg Luﬂm X et e il il & L ol (”l
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e exanine the cagse vhen the nuaber of antennas n - aven and opposite
antennas ire connscted to one and the same field cojl, then the

nuaber of field coils N = n/2.

Let us leave for the inductance of field and sear>h :0ils of
goniomster, and also for the mutual inductance of coils the adopted

previously desigaatijioas:

Llh Lll. A1mll ' A1ﬂ7’l=KmL'l cos (Z?l"l)'

only m here varies from ' to N¥. Pros formula (3.60) the expression

for iapedance of the pair of antennas will be

LR
2, =27+ jolat2 ; 2o o COSSm 4
=1
N} " n-;l i
+ jool K N cos? b =2Za, -2 Y Zewacosbim
e m=1

+ jwLq {I\' (—12’— — 1)1-1]. {3.70)

m=1i

With x = 1

i
g
o
;
.%
j
1
)
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n—i
Z, =22, 42 B Zewacosbm+ jul, N, (3.70)
]

m=

The resistor/resistance of search coil ve will obtain fronm
(3.68) ie the fora
Zy= Jwul, -+ }_. -+ H'/H:." N
Zat 2"

Page 129.

Let as relate the equivalent effective height of systea /..
to the effective height Of the pair of antennas, wvhich let us

designate

. 12=b ~ :
H,=2n,, Sll]i\')‘ ctwp); = dh,J, (.’:I; cos ﬁ)

N

Then fros (3.66) we obtain that Hu%fffﬂ"i'

Cucrent in search couil is designed fros the foraula

N
wMuaue, —2' EO
li= — —cin{h —a). (3.71)
(fwly 4+ Zn) e+ “"'“quaxc 7

Fhen 8 = & /,=0, at @ = a ¢ 90®° / —/, ,.auc-

on Pig. 3.33, is given equivalent diagram for the calculatiou of

B T PR C
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the current of sesarch coil of the goniometer of systes from N of the
pairs of the vertical wire antennas. Applied eaf cortesposds by
aaxinem eaf of oap pair of antennmas, sultip.ied bY l/jif Ia v
accordancs -with (3.70) the imductance of the first duct (field coil)

o Luo=Lq [K —'!-——l\+3}- Coetficient K can be taken as sjual to wnity,
2 / K -

=Ny
| then Lyp=L, —';-'- Cowpling coefficient of both Jdu ﬁ%ﬁ?
. with K = 1 Ki=K: to the coupling coeffizient field

and search colls.

*
)
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Pig. 3.33. Equivalent diagram for the calculation of graismetric

systea with n by the spaced antennas,

Page 130.

S
Bquivalent autual inductarce of ducts M= )/ 3-.

Antenma resistance is expressed

n-1
2rm

N .
Zuﬂn =2Zs+ 2 Zerma CUS =
i
Current in search coil of gonioseter taking int> accoant
equivalent diagras and [3.71) is designel froa the foraola

-~
wMﬂl.v/TYE.

/ R ——— =
BT oLe 4 Za)(Z, g - j00) @M

oM., ‘/'T:‘ g,

Vi w'M? '
(Zaw +/NLn1)\l“’L- + Zu4- g -F-[_(;I:-,

(3.72)
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In tvo-channel visual radio direction finder (sees §3.3) during
application/uss by n- antenna of systes is utiljized the matching
cell/alesent, vhizh is gonioseter with N = n/2 field and vith two
mutually perpendicular search coils from vhich are reao>ve/taken the
voltages on chanagels. Structurally cell/element can be mile s0o that
search coils 10 ndot rotate and have constant orientation #«ith respect

to field coils. This matching cell/element he is sometimas called

coordinate transforaer.

Let us dssijiate the angle, formed by the plane of search coil
of the first channel vwith standard to the noileld coil, ¢/2 - a.
Second search coil forms vith the sase standard angle z. Then the
currents in ths >ircuits of search coils of coordinate transformer

are detersined fros the foraulas

= T e Y R SO S R Y SRR I T SR, = R T e T T T S S T T S e S A R e Y e B e T
2 YA b EEE T SRR T T B R i way T T T R T R = s
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N
DM."’. V—Q' B‘
’.' = (joLlus + Zm1) (Zue + jalne) + .'Mz

"N" .
l - ﬂ,".lf. 1/ 2 Eo - sin (9 _ a)
"1 ales + Zm) (Zee + Jtlas) + w'M,

cos (‘)—a)o

. i
3 b im il aeetBRAS 4 8 e bl bR A mmaﬂhid

E in o AL . - sl S IIT . Al i

and during satisfaction of conditioms (3 §6) the relation

L.
AL A e e

w;w:iaq o .
.

-;i’=tg(") — a).
[ 3]

P

P, EURRY PO
.
V)

Paje 111,

SR S

Systea with parallel connection of adjacent antennas.

In radio 1icesction finder witih n antennas, it is possible to in
parallel connect ths adjacent pairs of antennas. The fislil coils of
goniometer are inzluded in this case, as is shown Pigq. %;:&; Augle 2y
betwveen the conns>ted in parallel antennas can be not agqual to 2«¢/n.
Tais connection >f anteanas makes it possible to decrease tvwo times
the number of field coils of goniometer and, for axampls, in

i eight-antsnna systus to use gonioseter vith two field coils. During

this connection also is facilitated the connection to eight-antenna

4
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systess, vhich obtained wide applicatioa, tvo-chsanal ceseiving

iadicator.

Por this cass is retained eatire anmalysis, given earlier, only
in the course of calculation ome should make the followiaj changes:
iastead of n to take n/2; imstead of each ters of expaasion (3.63')

to take tae sua 3f tvo teras, in one of vbi.clf(x nje TV) 6 La Cocse

A (Romia 21)X (O 4¥) o tho othery Lo (k wr2 s HE =N,

vhere 27 i3 an anjle betveen the conmected irn parallel aatennas (rig.

3.3%),

Y Py
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Fig. 3.34. Ciccuit dlagras of field coils duwring parallel connection

of adjacent aateaias.

Page 132,

Rith this addition we will obtaisn

E-=i2'i’::#°— E.A, —%'-{{EA a sm(k—g—-{—l)bx

xcos +l|{—-2A “ :m(lz%—-l)b)(

X cos -(k —;'— — 1) '{‘} Cos 3 ~-- [”2 Aki,j _ coe( - -H) h X

=0

n NS fe Ny lsina,
>(cus(k,—z‘+1)(-|<2 A ;‘_ic.:s(lz ‘ l/{}smz‘
- (3.73)

L 2

As before, vhen 2bh/x << 1,

. M..,,,,
Ey=j 25 Er..nl, (Tc0< ﬁ)cos‘(sin(f)._a) and when
f=a L,=0.
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3. 11, Antsnna systems with acutes/sharp directional chacacteristic.

Application/use n of antennas, straight.

Por by the astenna of the system of the directional reception {t
is possible to utilize n of the identical antennas, straight (Pig.
3.35) and parallel-connected. Let us designate 4 the iistance betveea

adjacent antepnas, 2b = d(n - 1) - the complete separation betveen

extreme antennas.

It is knowvn that during parallsl (cophasal) connection of

antennas standardized/normalized directional charactsristic is

expressed
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[l
sin —2'— mdsingcos '\I

F("v p) - Fl (a' 5) [ 0 ("‘74)
nsin (--mdsancos p)

2

vhere P, (0, B) - directional characteristic of single antenna; 6 it

is cowvated off from perpemdicular to the lime of antennas.

[

0“..‘0

-

26
rPig. 3.35. Antenna system fros b of the antenass, straijbdt.

Page 133.

%hen B = 0, ls obtained radiation patters in horizontal plane.

Then

n N
sin ( W mdsin b )
—_— 13.75)

/1
nsin \2 md sin 8 )

F)y= F (G

Exanples Oof the radiat fon patteras of the group of the vertical

vice anteanas ian horiszontal plane are givem on Pig. ?.36.

albkl A.;MAV,MMMJ.MLMM
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Pig. 3.36. Bffect of the number of the vartical vire aat21anas and
distance betveen them on directicnal characteristic: d = vn/2 - the
effect of length 2 v on radiation pattera with the distance between
the vertical vire antennas A/2: 2b = 3\ - the effect of the distance
betveen the vertizal wire antennas on radiation pattern at the

overall length of systes, equal to 3A.

Rey: (1). Length. (2). Infinitely close location. (3). Distance. (4).

Line of the location of systea.

T P T PP TR e e aieidaiuni T R T R e T3
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In this case, it is accepted that r (y_.| i.e. that the ssparate

antennas 10 not psssess the directional reception. On PL3). 3.37, are
given for this systea the directive gains D depending onm 2b/A. On the
basis of curves (Fig. 3.36) it is possible to make followinmg
conclusions. The fundamental maximum of diagram is alvays directed
alcng pecrpendicular t5> the line of antenna location. Diagrass are
syssetrical with respect to the line of antenna locatid>a and with

respect to perpendicular to it.

Simultaned>usly with the pain lobe of radiation are ainor lobes.
Their nusber vith change 1 from 0 to 902 equal to nuasbar whole
vaves ipn complete separation 2b. The level of the maximuas of minor

lobes is designeld from the forsula

ﬂm=*ﬁﬁrﬁ* 3.76)
nsin \——n——' 3)

with large o formsula (3.76) is simplified:

_ 2
F"(&)—(u-’-l)n

and for the maxisgas of minor lobes ve obtain consecutir21ly values of
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0.212, 0.128, °f 0.091 so forth from the level :of major lobe.
With am imcrease in the separation betveea extrome antennas, the

width of the sain lobe of radiation decreases. The width >f nmajor

lobe with the dtop'of asplitude to zero for large n is eqaél to

o=

9(n—1) \ A .
n - '2'0‘ o 114'6;&.' deqo (3'77)

The vidth of sajor 1lobe with th'e drop of power tvo times with the

same condition will be 2?«..%50.8%, deg.

@ith that wvhich vas assigped 2b width of major labe weakly
depends on the nusber of antennas, decreasing with imcrease ia 4.
Hovever, considersbly cannot be increasel d, since with 132 increase
of 1, i.2., vith lecrease in n with that which was assigned 2b,
increases relative value of minor lobes. With 4 >» ) siaar lobes are
equal to the main thing, i.e., appear supplementary princzipal

saxisuss.
Page 135.

Sosetises is placed the problem of suppression to ths detersinel

gide~lobe leval >f radiation pattern. By characteristic the optimun
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antenna of systea, vhich possesses the sinimua width of mijor lobe 2vo ,{u

- rAams x

with the required side-lobe level and egquidistance betveen antennas,
is Caebyshev polyaosial degree n - 1. The voltages, removad froa

antenms, in this case decrease to the edges of antenmnma.

AT N7, 0 SRS

% This they acaieve, for example, by introduction into the .‘
i antennas 3f the voltage dividers; then the effective haijat/altitude -

; of system decreases.

% a
' The suppr2ssion of minor lobes it is possible to also achieve g
‘ (vith the identical voltages, resoved from antennas) by the

establisheent 2f the different distances between antenanas, which

increase to the adges of systena.

The degras of the suppressiom of minor lobes in priaciple can be

any.
The calculations of the voltages, remsoved from antenmnas, in the
1 first case also of the required distances betweaen anteanae in the

second case are jiven in the courses of antemnas (3.2, 3.31].

buriag a dectease in the mimor lobes, is expanded ths main lobe

of radiation and decreases directive gain.
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- rig. 3.37. Directive gains of system from n of antennas vith cespect
_: to single emitter.
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Pig. 3.38. Directional characteristic: 1t - unifors grating; 2 -
grating with Chebyshoev distributon.
Page 136.
|
‘i on FPig. 3.38 for a comparison, are given the radiation patterns of
unifors grating and grating with the suppression of aiadr lobas to
:
2
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Cet with n = 5 and 4 = 0.5,

It is possible n of antennas in question to break iato two
cophasal groups by n/2 antennas and to comnect poth jroups 8o that
the voltajes of jroups vere subtracted. Then ve obtain radiation
pattern with zero along perperdicular to the lime of antaanas. 1V

directional characteristic will be
vhere P, (9, P) is directional characteristic of single anteana:

P, (9, B) - the standardized/normalized characteristic n/2 of

the broadside antenna arcays:

Py (9, B) - the standardized/normalized characteristic of two
groups of the antannas, conbected on differential principle.

sin (I—; mdsinBcos B)

3.79
Fob )= ——F7 - (3.7
D) sin \7 md sin b cos ,3)
dy . N .
F,{0, )=sin (—'—'fz—" sinficos 3) (3.80)

Here D, = 4 n/2 is a distance betwveen the middles of both groups of

antennas.

S B T T T & S e AT B S S P Py § 0 S S e e S I

_—
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W After substituting foramula (3.79), (3.80) in (3.73), vwe will
éi ohtain

!
l" n N\ -~
| —cos —Q-mdslnemsij E
¥ Fo 0, )= F, (0. B—— S~ (381) 3
2‘ nsin (.—2 mdsinbcos ) ?
1 :

. Diffsrontial directional characteristic (3.81) i3 syasetrical

;hﬁ‘ :
d

relative to the line of antennas and standard to the lina of
antennas: it has sinor lobes number and aaxiasums of which depend on

separation d aal the number of antennas >f system.
Page 137. ,

The sain lobe >f cadiation seeaingly bifarcated itaself - instead of

the maxinmuas, dirested along perpendicular to the line 5f antenmnas, it

hags zero value in the direction of this perpemdicular.

The important characteristic of differential railiation pattern,
vhich determines the accuracy of direction finding, is mutual
conductance im zero/',0'.In by usual antenna to systes with
equidistances betveen amteanas with the identical voltages, removed

froa separate antennas, for the number of antennas

. i - Znb
n>95 dfui '-)\-<O,.>I-',,(0):O,7%,

11
-
'
i
¥
K
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Por an incraase in sutual coaductance /.i0i4t is nacassary to
resova/take with the antenna of systes the differert voltages, which
decrease to the elges of its halves. Diractioma’l charaztaristic of
the optimum systes, vhich has the maximum valoe of
slopestransconductance in zero on the assigned gide-l1>bs level and
with the minisum width of major lobe of diagras, is ths polynosial of

Akhiyezer of degree n - 1.

Work [3.10) jives calculation by this antenna of system and are
inveostigated its paranmeters. It is shovn, that the maxisally

attainable slopes/t ransccnductance, vhen 1/x < 1/2, will be

T

F Oy = _'“_ 2=h
sin i/\'

With that wvaich vas assigned 2b slope/tramsconductance F ()

increases vith increase in n.

25b

¥ith 4d/) > 172 slopestramsconductance FoWuane ="y, i.8. has

the same value, as of systems of tvo anteanas.

A 1aficiency’/lack in the optisum systeass is their narrov band

coverage.

A system of the vertical vire antennas can ba utifizsd as rotary

for detersining the direction of radio stations in the minimsum or in

g
i
3
4
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the maxiasum of raliation pattern.
Page 138,

. In order Co sbtain the directional teception only on one hand,
one should to use reflector, i.e., establish/install a sacies of
wires, parallel t> antennas, in that side froa by the intanna of
systea, vhence is undesirable reception. Distance of ceflactor
usually takes egual to 1/4 average vavelengths by the antenna of
systes. The wires of reflector must on height /altitude praject/emerge
beyond the limits of antennas at least to value 4, - the distance
betxesn antennas and the reflector. To the same value the width of
reflector to each side must exceed the ssparation batwessn extreme
antennas.

7. from

The 2ffect >f reflector, which is located at a distance
a series of the vertical vire antennas, is considereil by the facts
that in calculation instead of each antenna of system takss tvo
antennas at a distance 24, one fror another and with phass
displacemsnt 120% at e. d. the s. of antennas. In ordsc to> obtain
directional charasteristic of this systes in front of reflector, it

follovs directional characteristic of tha system of asteaia without

reflector (3.74) or (3.81) to multiply by sin (mg, cos0)
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If ve betveea the separate vertical vire antennas of a series

(Pig. 3.35) introluce phase displacement Y then radiation pattern
instead of (3.764) and (3.81) they will bs expressed

n
sin F{mdsinfdcosp—4)
. 2
F(0, 3, )y="F,(0, B) [ ],. (3.82)

n sin [—2‘ (mdsin icos p--Q)J-

| —cos [% (mdsln@cosﬂ—wj

-, (3.83)

Fulh, 3, 9= F, (0, 3) ,
nsin !-Tz-(mdslnecosﬁ -9l
j

Bqualiziaj zesro argument of the numerator of expressions (3.82)
and (3.83), we obtain, that the maxiaue or the ninimts 5f the main:
lobe of radiation with phase displacement "~ is turnsi t> angleg,,
deterainel froa the comdition

Ym=md sin 0, cosf, (3.84)

The angle between the opposite maxisums or the aninisaas of
diagras ip this case is equal to 180°+20.. i.e. it appears the fracture
of the centerlins of radiation pattern relative to the line of

antennas.

Page 139,

Purtheraore, diajrams b@come asyssetric felative to ceaterline.

Chanjying phase displacesont , 4t is possible, utilizing a

|
|
=
%

kel Ul ot L aa
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sotionless series o>f the vertical vire antennas, to crotate diagram of
the directivity of systea and according to saximum or ajaimam of
disgram to detsraine direction in radio station. Deficiency/lacks in
the systea are fracture of the cenmterline of radiatioa pattern during
its rotation and asyasetry of diagran. The first deficisazy/lack
drops off duriag the application/use of a reflector, since is
eliainated one of the maximums of reception. Asyametry >f diagras

limits

ror obtaiaiaj the rotation of radiation pattern, phase
displaceasnt . should design from (3.84) for certain maan aagle of
the slope of a frant of wvave 5. and calibrate phase displacesent in
the degrees of thas rotation of the saxisuoe (or the minimas) of

zadiation pattern.

#ith a chan3j» in the angle of the slope of a front of vave B, is
obtained the high-altitude error in the determination of the maximus

(or the sinimua) >f radiation pattern.

Actuslly, at the angle B, different from .. for which are

designed phase displacements, the aeasursd angle ¢, wvill not be

equal real ¢, siace

5in ¢, cos B =sin P COS 3,. (3.85)

Will be obtained the ercor in the detersinastion of iirectiomy. ,—q,

vl

el b

ol el e
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vhich it is dssigned vith the aid of foraula (3.3%).

On Pig. 3.39, are given to the depeadence guom%r vith

different p from 0 to 60° and f-=0°.

If phase displacesents of systea are designed for aay other
angle of the slopa of a front of wavefl:#*("then high-altitade error
for an anjle of incidence g is equal to a difference in the ordinates
of curves, that correspond to the values of angles of iazidence 8 andf.

at the assigned values Y» or a difference in the abacissas of the

same curves at the a2ssignsd values .

During calculation by the described antenna of systss, it is
necessary to consilder sutual antenna resistance, which is deterained
from the sethod of those induced by enf [ 3.1, 3.4)., If aitenna systea
is designsd from n of antennas, then they are usually

establish/installsd by n + 2 antennas.
Page 180,

Bztreme antennas are not included in diagram and serve only for the

creation of the identity of the resistor/resistances >f 3ll antennas.

System with acute/sharp radiation patterm as any >thar antenna
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systea, is characterized by the radiation resistance, efficiency and

KND -[dit.ctivity factor ). These parameters detersine the

sensitivity of ralio direction finder.

The sethods >f the calculation of the indicated parameters by

the antenaa of aystem are set forth with the courses 2f aatennas,

-
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Page 180.
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Circular antenaa 3systeas with acute/sharp directional zhiracteristic.

[RNTS-3 NIV Y T RN

Por the realization of smooth rotation to 3609 acata/sharcp
directional charaztecistic in sotionless antennas, is 3pplied aatenna

system fros arcranjed on circumference n of the vertical wire

antennas. A circular antenna systes can be utilized vith reflector
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and vithout reflector. ¢

The principls of formatiomn/educatioa and.rotation >f radiation

pattern in by the circular antenna to system includes th2 folloving

(Pig. 3.40). Proz n of the antennas of systea, are selectesd a of the

antennas wvhich form direction-finding group. Ir the antsasas of group
( with the aid of aatenna coanutator, is introduced to the -ircuit of a

time delay in this value (t1%/c, 22%/c, 33'/C ..., vherd = is .

velocity >f propajation of radio vaves)im order to mak2 aven the
phases of eaf of the antennas of group for direction 2J3* and
seemingly to lead antennas to those vho were arranje/slocated in
straight line AAR,. By the central line 00' of the anteamna of group
they are 1ivided into two subgroups. Enf of the antennss of right and
the left of subgroups stores/add up into two voltages B, and B, which

for direction fialing they are summarized, or from E; it is deducted

é
3
i
ki
i
1
.g
2

Duriag the rotation of antenna comautator, change ths delays in

[FTRITY VRPNt

antennas and antaanas thesselves 80 are chanced over, that the center

Pt PR,

of line AL, seemingly rotated synchronously with the ratation of

Condelle

commutator in intsrnal broken circumference (Pig. 3.40), the line of

antennas s>ccupyinjy positions BB, CC, so forth.

V
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Pig. 3.40. Priaciple 5f the use of a circular systes of iantennas.

Page 142,

%hen the line of antennas CC, is perpendicular to direction in of
radio station P, L8 cbtained maximum voltage according to total
directional characteristic and zero voltage accordiny t> 1ifferential

characteristic.

Tfo rig. 3.41, are shovn the total and differential cadiation

patterns of direction-finding gronp. Ninor lobes in fijuce for

simplification ara not display. Antenna coamutator consists of
motionless stator and the rotatable rotor (Fig. 3.42).
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Pig. F.41. Total and differential radiation patterns: ———— total

diagram, - - - differential diagran.

Pig. 3.42. Diajgras of antenna coamutator for by the cicc-ular anteana

of systea.
Key: (1). Switch Ls sum of difference. (2). Receptor. (3.

Trans foruers of the subgroups of antennas. (4). Circuits 72f time

delays. (5). To the antemnas of circular systesa.

[Page 18:!} Stator-rotor unit have platas, serving foc tse creatioa

of capacitive coupling between then.
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To the plates of stator, are cornected the antennis, to the i.

plates of the rot>r, which has tvo sysmetrical halves, serving for

B P
—
!

the creation of tvo halves of the group of antennas, ars wvired

circuits of time jelays,

é: -
f' The latter -an be fulfilled in the foram of the cut cables or

§ artificial line. Delay units can be utilized separata fsr each plate é'
) of rotor or can b3 applied coamon/general/tot.al for each half of 3
i rotor. The electrical length of chain of time delays is designed on L

the basis of geometrCy by the antenna of systea for certain initial
angle of the slops of a front of vave 3. During the application/use
of coamon/general/total delay circuits, the load froa antennas sust
be 4~5 tises the sore thapn wvave impedance of cifcuit. a2y the
disturbance/breakiown of the mode of the traveling wave small is

retained the electrical length of 1line.

The number of plates of stator is equal to the nuaber of
antennas (n). Tha nuaber of plates of rotor, vhich are nezessary to
one plate of stator, or the sultiplicity of the plates of rotor
relative to thd plates of stator is selected based on the instrument
errors of antenna commutator (see §8.9). tdtal puaber >f plates of
rotor depends on the nusber of antenmas in direction-finiing group.

Separately storesi:dd up the voltages of right and by the left of

subgroups B, and BE,. By a special switch is realized a3iition or the
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subtraction of voltages E, and B,.

Direction finding consists in the searching of marxiaums or

ainiaump of reception. Angle on the scale of antenna of azcumulator

corresponls to azimuth,

D.rection fiading can also be realized vithout the rstation of
antenna commutator according to the sum-and-differencs aathod vhuse
principle is described into §2.3. For this, antenna commutator is
establish/installad so as to lead the direction-finding group of
antennas, for exaiple, to strajght line AA, (see Pig. 3.40). The
central line 3), in this case is the zero reference liae >f bearimg.
The sum of tha voltages of tvo subgroups of antennas AD asd D4, (U.)
is fed to one pair of the plates of cathode-ray tube, for example to

longitudinal plates.

Page 144.

Vvoltage differenc? of these subgroups of antennas (U,). are phase
shifted by 902, is fed to the second pair of the plates >f tube,

respectivaly to hd>rigoatal plataes. Direction finding is csalized in

certain sector 2 U

Let us replacte each subgroup of antennas vith ona 2juivalent

3
3
E

TSI R YD UTY STI TP LT ST I BRI, 1 ¥ 1 1)

It

L bt
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antenna vith effective height i.
Let us designatas:

2, - the oguivalent separation of tvo antennas, vhich replace

the subgroups of antennas;
8* - the aginuth of radio station with line 00,.

Then in accordance with that which was presented i3 sarlier the
asplitude of the sua of the voltages of the antennas
[/, =2Eh,cos (mba, cos 3sin ),
the asplitude of voltage differeace of the antennas
U, == 2CEh,sin (inby cos §sin §).
On cathode-cray tube is counted off the angle a, detersined by

U e , -
axpression = iga= 'U—:= tg (mbycosBsin’),  or a= mb,cos Isin 0’ = 0,5 (2mb, cos psin §).

Angles on catiode-ray tube is equal to the half of a difference

is phase- Baf, ia the antennas  simce y=2mhycossinf.

The scaling factor «, from angle on cathode-ray tube a to

azimuth B° will b2 (at lov values 0%, vhen s8in ©' L 0').
Ky == Mhycos 3.

vhen p = 0 Nn-———%ll’i and V=_— .,
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E?‘ The sector >f dicection finding (2.18) is deteraimael by the

L expression

i

5 3 v < B

'_»' . VN‘NO <“— or 2)".“0 ba ! .q.

Pe |

g? To parforsaace calculation of the directivity of ciccular

o antenna syateas is dedicated a series [3.12, 3.1, 3.15).

-

; ) Let us deteraine for an exasmple of the expression of directiomal
é, characteristic for by the antenna of system without ceflaztor inm the
P

f case vhen for ths formation of directional characteristi:

; siaultanedusly ares utilized all antennas (3.12]).

i

E We count off azimuth @ to radio station from diameter by the

: antenna of systen, of the corresponding to the position >€ the line
E of symmetry antenna cosautator (CC, on Pig. 3.43). Let us Zesignate

by @, the angle bstween direction of CC, and by the radius, carried
out to the nearest to it clockvwise antenna which let us z3nsiler the

n=th, soreover a; it varies fros 0 to 2s/n.

1

PO RK e e vy

T——r -
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N

§ If By is strenjth of field at the center of the systea: b - the
o radius of a circla of the arrangeseant/permutation of antsanas, then

enf induced ia the = antenna, vwill de

Em=E,h,, exp [j?;bcuspcos(f)—%'-'m—ﬂoﬂ-

'!‘"'.

In the case in question line AA;, t5 which are led all antennae

I O T

by means 2f the iatroduction of the phase delays in eaf of antennas,
is tangential to the circunference of ths arrangement/pacrautation of

antennas (s¢e Pij. 3.43). In emf of the s antenna, in orisr to lead

&L

the phase of eaf >f this antenna to the phase, which corcesponds to

line AA,, is introduced phase displacement V'

n r.. . ./[/2n . 1
Po =3 bCOSBe | 1-1-‘-05\7,‘”11-4.”-




s TR TRCSESPFEOIRUTETR S TR TR LY STYRLSIR e e A EIVE AR ST T T A SR s e e T ) R SR TTPTE TR T PSS ToTL S TR RATRT TR o ARG sE e A

poC = 77223207 PAGE 2773159

Plg. J.43. Bringiang by the antenna of circular system t> linear.

]
1
.
-
1
[ 4
-
:

\
Page 146.
The voltage, removed from the a antenna, teaking fat> accouat 7.
is egual
Unp=Et.oexpj {f: b [jcus Jcos (‘) - ?: m--a, ) -
—cus flg Cos (":? m-f a,) -—-"‘{bcm de ; {3.86)
L The last/latter tera of exponent does not depend on a, and 8. Ve i

convert the depeniing on «p and @ part of the exponent:

hadaas . s b
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2 3\
cos jcos (0-—- KLl m—a,)—-ws 3gcus (T m+¢,)_—-
n
£xC0s (1:- m +a.) (cosPcosth —cosBe) o

. 2
-+ sin (-2"1 m+a,) cos 3sin§==Acos (Y — 7:' m-— a,).

vhere A=y cos’ i f-costp — 2cosfrusBocos 0 (3.87)

W == ot = (3.88)

cos feos 0 — s Je

After substitutiaj (3.87) and (3.88) in (3.86), we will obtain
U,= LEhen exp{j [%’-‘b/\cm‘(‘{— 2,:' m— a,)j —
— 5 beosha). (3.89)
It is decomposed (by 3.89) im Fourier series - Besszl analogous

vith expansion (3.49), moreover factor & ~/i’“? {g not considered.

since it does not depend on 6 and «y:
UI"! = theo {J. (? b/\)'*-

o
+2Y s (Foajen [ p (1= Fm—a)ll @9

=l

Let us Adetersine with n even the total voltage, resd>ved froa all

antennas: U;=2 U ==E, 0 {uj, (%—" bA) +

M=l
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'I
N

n o
5 4“22 x /,' » ("X‘bl“) COS[F('{ —— ?'_:.‘”‘_a.)J}
mul pm|
- " or
!
i 2
‘ U, =B, .n {./. <T /;/\)_}.
. 0T (2 ) ( —a\ 7 (3.9
+2 2( N Jin ( N b,\/.c s fun (Y a')ll'/ (3.90)
i‘ o=1
Page 147,

With addition it is accepted into consideration, vhich

2 cos [p (x - ?,—:- m— a.)}:n cos [un (f —a,)]

m=i{

vith p = vn is sgqual to zero at other values of p.

Expression (3.90) determines total directional characteristic by

the antenaa of system. Usually it is possible to be restcicted two

ficst tacas of the series

U,==Coli .1t {jo' (%"In\) +2(— 1)?1,. (%;bA) cos [n(y— a.)]}.
(3.91)
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So that it s2uld de possible to discegard the sescial ters of
expression (3.91), it is necessary to select the number 5f antennas,
80 that the distance betveen thea vill be

d < (0,45 +0,5)A. (3.92)
This coadition dsteraines the necessacry suaber of anteaanas vith that
vhich wvas cau;noih—’:"— and, oa the contrary, causes the persmissible
sense r.l',:; vith the assigned nuamber of antennas. Then total

directional characteristic is determined by the expression

F,(0,8)=1/, ( z bA). (3.93)

fa Table 3.1 are designed during fulfilliag of regquicement

b

(3.92) for value ;- for the different number of antennas n vhen
— 2

a?\. In them are sade angles ¢,, vhich limsit the main loba» of

radiation.
Page 148,
p'::'aih 6
When  that A ~2coxd.sin-s and y = 8/2 ¢ 0/2,

In tiis case the expression for total directional characteristic

tak the fors ”
akes e Fo(0,3=8c=/, (%‘—chospcsin—g-). (3.94)
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The amplitulas of the ainor lobes of characteristic (3.94) have
3 relative values 3,803 0.3; 0.25: 0.21 so forth. On Pig. 3.484, are

? constructed for ai example total directijional charactotl.tfé’i%%%%h

% _ for different ratios 2b/\ and the differsnt number of aatancas &

b (3.12).

N Table 3.2 gives the values angles liaitiag the ninor lobes of

. directional characteristic in plame 8= =0 3

% With @ = 0 we obtain expressiom for total directisaal

characteristic in the vertical plase

F(h==0, 3):—./,!2;b(c053~ -cos{ic)]. (3.99)
i

On Pig. 3.45, is constructed for aa example directiomal > -

characteristic ia vertical plane for b/\ = Q.75 and f.=20°
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Table 3.1. Paraseters by the circular amtenna of systea dapending on

the number of antennas o vhem b=

O

Hucao
AHTCHRA 1t

|
25 ‘
|

i

Ty T T To o | T T
6 8 |2 | i6 12 |24 i 28 1a2 36 40
B |
1
|.91g2,5‘!3.|8'3.8!4.45 6.1 16,75
! i

[ '
: : ‘

x::;:)( 0,95511.27 6.37 »;-

X cos Be
(”l‘pauuu- 50,4 ! 38

I
I
weid yroa |
TAS3HOTO l f
Aenectxa | ; ! ,
cynuapuoﬁi : :
I

|
i2 3i10.5 9,16 8,1 i 7,3

: XapakTe-
s PHCTUKH,

i
i
|
1
|
]
]
2paod

1
{
i
I

i
Key: (V). Muaber >f antennas n. (2)« Lisiting angle of mijor lobe of

total characteristic, deg.
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Pig. 3.48. Total 1icectional charactecistic of the circelair system Of

antenms,
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In Table 3.) are designed the acst interestiag vlluot of
directional characteristic in the vertical plase -bouﬁvhm)illnly of
characteristic value vith B = 0, angles v, corresponding to the
veakxening of major lobe to 0.7 and f"uavc o the boundary of major lobe

(vith zero values of characteristic).

|
h‘...iu.m.,.._u [ O
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Table 3.2.

Values of the anjles, which correspond to> the maximuams also of zero
lug/lobes of total directional characteristic by the cirzular antenna

of system iu plaae b=fo=0"

L
(’I,l.uueuonlme i ;z (’) Qrnomcune % cor B,
ACIECTRA 5 R —
edgdd loos {os | a0 s {20 |25
& T T T
Taagnwi acue-| | U S 0’ P00 o0°
cTok xapaktepu-, 0 1007 | 457 | 22° CI5%40° 110 8240
CTUKH HApan- | ; ! : | ; |
ACHNOC T : ' ¢ ! 1 !
: 1 ! ! : .
H |
(O0comi coxo- 10,4037 175720 35T (230407 17740 140
o acnectok | O | n2yY,  62°200 (347 nolz 30, 20720
! . . ' | L st —
(gﬂrom»i Goko-1 0,3 ' G9° l44 20'12° ' 6°
87°30° . 53° 139°20° 32°

pou acnectok | 0

1
108° n.°2n| 4R aR°

m’l’pcruﬂ 6m(0-f 0,25,
140740 7704 R ;44"

ROH JACNCCTOK . 0

‘ﬂlcﬂ!cpnm Go- 0 22

!
.
[——!
)
1
|

|

[

|

!

!

! 180° (0, 16} l 90° G4 - 50°20°

KOBOR AENECTOK | ! 11067 ! 73° Tk
I 1 H
i 1
O e Goxououl 02 1| 11990 L oo g
AcuecTok 0 ! | | 144° | 91° : 70°30°
!

Key: (1). Desijnatfion of lobe. (2). Amplitude of lug/lobe. (3).
Relation b/\ cos fo- (4). Bajor lobe of directional characteristic.
{(5). Picrst minor lobe. (6). Second minor lobe. (7). Thirl ainor lobe.

(8). rourth minor lobe. (9). Fifth sinor lobe.
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_g ! Pige 3.45. Directional characteristic in vertical plane.
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"
_ Page 151.
K

Let us deteraine the sepagation of tvo anteanas 2/, sg@uivalent
by the ciccular aataanna to systea in therelsition to the vidth of

major lobs of total directional characteristic.

He set/agsump f=p.=0° Comditioms for obtaining tha b>undary of
ma jor lobs of total directiomal characteristic of circulac system ani

system of tvo antennas vill be respectively
.and/

4 .8 s Y .
-;bsm—;—:?,'l.j i:{—basmea: 5

We take, that ;0 g Sm'ok.':"ez."

Then i lb - 0.6450

I

T
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or 2, — 1,290, vhere 2b is a separation (diameter) of antennas.

Let us find sxpression for differential directional
charaocteristic. ¥sltage difference, reaoved from diasetrically
opposite antennas the m-th and (s ¢+ n/2)-1 of (3.89'), will be

Um,\ '—:'l}m - U v —

t
Mmoo

H
=2E°/l,,,,§ jid, (?b/’t) {cos qu (7 - 2:—:' m— ¢°>,

r oz, 2
—Cos 'qu.'—- }-;‘/u —n—a°>]}=

0
=—4Eh,, Y ji, {’i" bA) %
X

Xsin [q(y - %nz-—%—a,)J sin (q%) (3.96)

'

b A a1 o ed ]

gt ._h...'ilb‘u..! u L
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Table 3.3.

Characteristic values of total directional characteristic by the

circular antenas of systes in vertical planef;(0.}) when !. =20°,

e ———

/] | i | . i I
- | 0.5 B chs T2 g5 13,0

— e

Fe (0.3 o0

—— e | ———

0,97 0,92 0,86 1 0,79 0.71

a'uano i 56° . 41° ; 36° : 32° 30° Q‘J;
Blusne [ B0° D70 {475 i41° c3ge 300

Page 152.

Terss (3.96) differ from zero only at the odd values of g, since
at the even values of q = 2p sin (2p %§b= 0. Therefar2 agprassion

(3.96) can be revcitten, set/assuaing q = 2p - 1, in tha fora

o o)
U [in \
U,M = — 4E, i RN/ X bA . X
,,2__. \*7)

. 2 \ . . ;
X sin {(2,0- l)(‘{u {m-a,,)—pw-,-%] 5111[(2/)—1)%],:
: ~ : ‘- 2n \ -
=~ AL g0 ’(»ly'qu<j-m\,x
5 )

Xcos [(2/)-— l)(«{-— 27"1-111—%) ——/m‘|l sin E(‘z/)- 1)%J

cta il b 05080 s L sl d e e s B 04, il

e d st sl bt
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2
or U~=j4ﬁ.h“2(-— | ) L PR (-{—br\)x

|

Xcos [(Qp-— 1)('{— %m-—s.)J.

s

IR O &

Page 1S3.

voltage diffareace fros all anteamnas U, will be (ses Fig. 3.43)

T T Ry T
. ‘n ey
-

. "51'_ - o fon \
U= Uus® HES Y 1 s (F ba)X
MmO Py
f I
: cos E.l::)' i)"" “mo- 2,0,
!
E )
' vhere ;! \ .
F vy . - .
E Lcns;tQp 1)(( o :,/‘._
m -0
g L
‘ A [ . 2= -
F Seos i 2p L~ a0 L cos {(2/)-. ,,_h-m-j_:..
% =0
7
esin 2y - 1) - a0 E sin !(2/7 - 1)2:' mj.

’r m .0 L
k

T ONERNSFE TSI =y = 5 e =
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After designatiag

L x=@2p—1)7,

L

ko

P

o after traasforsitions wve will obtain (see (1.342) [1.13))
o 2

N ;™

: ‘ ’;J" cos [(2/)—- 1) (‘{ - m—-a,/Jz
=Cus[(2p — 1) (Y -=au)] -i=sin [(2p = 1)(1 ~2,)] X
f _ Xcosl(ﬁp—l)-:—]coscc [(2p—1)%i=
=sin [(QP* 1)(1- 1-+,—':>J cosec [(Qp —1) %J/

:
|
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Page 154,

It suased up voltage U, fros all antennas, ve vill obtain

U, = [4Esh,e ,,2.(_ TR A (%{i bA)x

Xsin [(2/: {1+ -, )] cosec [(2/7 —1 -:—J. (3.97)

The standariized/norealized differential characteristic has the

expregsion

i ' P x .
| Fo0 8= = Y =0, (B4 X
| Bt (o)

Xsin [(2,; - 1)(7+ z a.) ] cosec l'(zp —1) %J' (3.98)

An example of differential radiatioa pattern is givea in Pig.

3,46,

The presence® of cteflector is led to the peaking of directional
characteristic. Reflector is establish/installed from antanna at a

distance, equal approximately of 1/4 average vavelengths 5f operating

|
|
|
|

Lucabak e o ani a e R,

Abdamte n e ol 4
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range.

The method 2f pacformance calculation of the directirvity of the

group of the antennas of circular system with reflector i3 presented
in [3.15).

rigures_J.U7 gives for a comparison major lobes of total and
differential directional characteristic for by the circular antenna
of system with raflector on vave 18.8 a and cosinusoidal

characteristic.

HRREY N
WEERREN/ \
NEERYNEAELY \
ot D4R ‘ JEA
AV TN ] VI L INAN

Pig. 3.46. Difference directional characteristic of circular systea

of antennas.

Page 155.

Parameters by ths circular antenna by the antenna of system (Serman
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radio dirsction finder "Yullenveber™ of developaant 1980-198S): n =
40, m = 8, 2b = 120 &m, reflector it is establish/installed at a
distance 12.5 m >f antennas; antenna vertical wvith a disaster of 3.8
8, by the height/altitude of 7.5 », with capacitive loal above;
frequency band 6-15 NHz ([ 3.14].

3. 12. Antennas with logarithsic structure.

So that the antenna vill be wide-range, i.e., it has the not
changing vith chaange frequencies entry ispedance and radiation
pattern, it sust have the smoothly and egqually changinz along the
lenjth section anl the equivalent length, inversely propoctional to
frequency. This requiresent satisfy the infinitely extsol»d antennas
vhose fora is detscained only by smoothly changing angualar
dimensions. The problems of developing the wide-range antanna of
finite leagth is €inding such structure vhose form is deteramined by
angular dimsensions and the behavior of firal part of vhich at
frequenciss hijhet than certain boundary approaches behavior of

infinite structure.

froms the flat antennas of such property possesses ths

logarithmic spiral (Pig. 3.48)vhose equation P= ke***" vhere k and
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3 a, constant coefficlients,, ¢, it determines the beginning of spiral ;
N [3.17)

- :
¥ =
3 Of twvo-pass spiral the second ara is obtained from the first by g
% : its shift/shear t> 1809, Bxperimentally dstected that with antenna

f-4SPaNAA

e o5

feed in coenter tha» intensity of current in ares falls oan 20 48 and

nore after the passage of the turn vhose perimeter i3 approximately

. e g

equal to wavelenjth. Therefore a change imn the wvavelength is

e

equivalent as if rotation of spiral.

/\‘ (v -3
ynMaprar -
3 E
pg.v .
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Pig. 3.47. Comparison of directional characteristic >f citcular

systea with reflector amd cosinusoidal characteristic.
Key: (1). Total. (2). Differential.

Page 156.

The boundary vaves of the helical antenna are deterained by the
length overalls and smallest turns, frequency band reaches 20:(01&.
To sinimum wave basides the diameter of spiral affects tha ®ethod of
antenna feed. Plare spiral can vork as electrical and as sagnetic
(s8lot) anteana. With the feed of slot antenna to the s81jas of slot,
is soldered ths vain/strand and the outer covering of cable. The
diameter of cable, thus, limits sinimum vavelength. a1l antenna
possesses elliptizal polarization with an elliptic creffi>ient of to
2:21. The wilth of the lug/lobe of radiation pattern at half powver

varies fros 40 to 50°. Traveling-wvave ratio vith the fealar, which

has pp=50chm, 18 mdre than 0.5.

The aelical a:ntenna can have a resonator for providing the

unidirectional reception. The diameter of resonator aust sosevhat

exceed thp diametsr of spiral, vhich is taken equal approximately 0.5

7‘.\”\“"'

The helical antesnas are applied mainly &t superhigh

MR o e T R T 2 AR LI P S R S T T IS
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frequenciss. When it i3 required to obtainm in the wide section of
ultrashort or shortt vaves the not changing veakly directal radiation
pattern and good agresment with feeder, can be used anteana with

logarithsic periodic structure (LPA} [ 3.4, 3.18-3.21].

Diagras of LPA i3 shown in Fig. 3.49. Antenna consists of two
ident ical parts of I and II. Part II is formsed by means 5f the
rotation of part I through 180° around the axis, perpendizular to the
plane of antenna and passing through the point of the connection of
feeder. The bent on circular arc the teeth of alternatinj/variable
length are the vibrators of antenna. The circular sectors froe which
are branch/shunted the vibrators, atre cucrent distributor. With the
location 5f parts I and II in one plane (Pig. 3.49a) thz radiation
pattern is obtainsd bilateral and has major lobes along the axis,

perpendicular to the plane of antenna. ¢

Pig. 3.48. Logarithmic helical antenna.
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Page 157. B

If parts [ and LI are establisn/installed at an angle y one to '?é
another (Fig. 3.49b), then radiation pattern becomes one-sided, E
roreover its asxisus (principal direction) it is directed aloné the
hisector of angle y to the side, opposite to the aperture of parts

I and II.

The vibratocs of LPA can have also trapezoidal form. They are
fulfilled from continuous metallic sheet, from the wire, wvhich edges
the ducts of anteana, or from single wires. Figures 3.5)a depicts LPA
vith vibrators froa single vires at the angle betveen the parts of
anteama =0 Single-wire antenna can have also zigzaj structure

(rig. 3.50bH).

The parassters of LPA are r, o, x;, f,:

_ Ry _ N
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vhete R, R,....R, - distances from in-fesd to the periphary edges of

vibrators;

fi.fy---+'n are digstances froa in-feed to the internal 21ges of
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vibrators;

Ry—rn

- thickness of the n vibrator.

Pig. 3.49. Logaritheic periodic amtaemna: +¢:%amo

Page 158,

Calculation begins from the vibrator of maximua length.
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the constancy of values r and ¢ of all vibrators is caused by

the structure of antenna.

According t> the operating principle of LPA, it is the cosplex

director antenna, which congists of the'deparaté groups >f the

vibrators each of vhich includes active vibrator, reflector and

e BTy e ) o YA

director. Por the correct vork of the group of vibratars, the

4-"'5-'»“" ‘

resistor/resistance >f reflector must be inductive, and director -

.o

capacitive. This is achieved by the shortening of the length of

director and by the elongation of the length of reflactar relative to B

-2

the length active vibrator 7,, inclined to the sdopted wave A (47, =
A). Then curcent in reflector anticipates/leads curreat in active
vibrator, and current in director lags behind this current and arce
satisfied the conlitions of maximum reception froe direci>r and

ainiaua fros ceflector.
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Pig. 3.50. Sinjle-vire logarithwic antennz: a) wvith single vibrators:
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Page 159.

Let for the adopted vave (Pig. 3.50) vibrator 4 be imclined into

resonance. Vibrator 5 is director, vibrator 3 - by reflector.

Because of tie passage of the currents of vibrators 3, 4, S
along feeder, the voltage drop in common/gepneral/total 12ad Zrom the
carrent of reflector 3 had to lag behind voltage behirnl the current
of active vibratoc, and voltage from director's curreat 5 - to
anticipate/lead him. However, because of diagras, optainiag vibrators
of the phase of the currents of vibreators 3 and 5 arz adlitionally
turned to 180° relative to the current active vibrator. As a resalt
of voltage fros tae carrents of all three vibrators, approximately
they coincide irn phase and for principal direction are ccepated
favorable conditions for the formation of radiation pattern. rhe
currents of the remaining vibrators, strongly detuned in freqiency by
relatively taken, are low and do not affect the formsztion of

radiation pattern.

buring tha alongation of vave, comes into action the group of

vibrators 2, 3, 4 and of so forth,

¥ith an increase in the angle y the three-disansiosnal/space

communication/coasrection betveen vibrators decreases, grov/rises the
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role of current listributor in the establishment of the phases of
stresses from vibrators. Simultaneously increases recsptis>n by
current distcibutar. To vibrators is realized the recaption of
horizontal elactcic fiald, to current distributor - vertical electric ;
field. Antenna vith logarithmic periodic structure possusses =

therefore circular or elliptical polarimation.

If parts I aand of II antenna to connect is antiphase, then it is ¥ 
possible to obtain tvo-lobe radiation pattern with zero in the

direction of the bisector of angle y between parts,

At each frejuency current distributor is loaded by the
reslistor/resistances of those vilrrators vtich are tunal t»> :
frequencies, closast to that which is taken. The reactance of 3
vibrators has different sign and approximately they acre compensated
for. Thera remains only effective resistance, and, thus, >an be

reached gsod ajresment vith feeder over a wide range of fregquencies,

fraguency baiid LPA is detercined by following considerations.

Page 160,

N l\lul(c- s

On saximum vive ), vorks the longest antenna vibrcatar by lengtai

moreover i.,. = i,.... Respectively for *.. ve hawe i, ==/,
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Investigations showed that the vibrator on which is placel more than

2-2.5 vaves, sigalficantly makes diagras vorse directivity. must be

fulfilled condltidn luwe<(2+27)4,,, Consequently, relation ’yrx

Nun

LY

the group of vibrators lie/rests vithia the limits of 8-10 times.

The methods of perforasance calculation of the diractivity of LPA
are presented ia (3.4, 3.18].

In LPA ona saduld have fosllowing relationship/ratios betwveen «~

and [ P

£==0,83; 0,8; 0.73; 0,69;
ay=10;  14; 19, 24, 30; 37, 45.
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Table 3.4. Soma characteristic of LPA.
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Table 3.5. Entry impedances of LPA.

N 4 . - §
! ﬂommxme cu | (4

. ! MRHNNAALHOe
¢ o “”"‘o":’"“' Mmasenne Ki0

60 i 29

0,7
45 lio 0.69
30, 105 i0,67
7 65 i 0,55

Key: (). Wave lmpedaunce, oha. (2). Minimum value of KBV,

Page 161.

Being assigasd r, a, and by the frequency band of the antenna,

it is possible to dotermine its sizes/dimensions.

Table 3.4 and 3.5 give some characteristics and a2atcy impedance

of LPA [3.18]

Uae >f LPA i8s possible in radio direction finders with the

asplitule and phase-difference methods of the reading 5f bearing.

3, 13. Antenpae of the system of radio direction finders at superhigh
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o In the rang3 of superhigh frequencies from 30 to 300-400 NHZ in

; egsence, are accapted the same antenna systems that and at high

E frequencies (to 30 MHz). Selection by tha antenna of systsa to a

é considerable degree is determined by the peraissible overall sizes of

: systes and by the method of the reading of bearing. In amplitude

fé radio dirsction finders as by the rotatory antenna of system are

: utilized the rotatable loop, the diverse framework, the pair of

Y separated aatiphase dipoles, connected by H -figurative diagram, or n
of the spaced briadside antenna artrays, arrange/located in one plane
or of circumference and which create acute/sharp radiation pattera.
Rotatable loop is asseabled vertically for direction finling on the
vertically polarized component of electric field or harizontally for
direction finiiny on horizontal electric field. In the latter case is
utiligzed the doubled framevork (see Pig. 3.22). In the coastruction
of the pair of the diverse dipoles at frequencies, large 50 MHAz,
frequently is provided for the possibility of the simple
reorientat ion of 3irection of antennas from vertical (Pij. 3.51a) to
horizontal (FPig. 3.51b) and vice versa.

The communization/connection of dipole in a pair with input

circuit sometimes makes variable within small liaits. By the
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selection of comaunication/connectiorn at the torque/moment of the
reading of rearing they attain obtaining the acute/shacp >f zero
audibility. For the nondirectional (attendant) receptisn anl

deteraining tha single-valued bearing, is applied supplesentary

central aantenna.

Sometimes fo>r determining single-valued bearing, 4o not provide
for supplamentary antenna, but is introduced iambalance into circuit
of one of the dipoles; ths nondirectional reception abtaias by means

of disconnection/zutoff froam diagram of one of the tvo dipoles.

Page 162.

Por the elimination of the manifestation of resonances in the
supporting support into it throw in insulator and bath pa:ts of the

support connect tarough resistor/resistance.

If this is raguired for the selected direction-finding method,
is realizad the high-sSpin smotion of the pair of antennas by amotor,
noreover instead >f the brushes is applied the special transformer

betveen the antenna and input circuit of receiver.

il
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Fig. 3.5%. UVK of H-figurative antenna with changing polarization,

Page 163.

One Winding of transformer, connected to antenna, during rotation by
the antenna of system rotates within another, motionless, conaected
vith the input of receiver so that the comamunication/connection
between the antenna and the receiver doss not change ducing rotation.
Pair or n cophasafi-connected antennas can be utilizel with reflector,

then jimmeldiately is counted off single-valued bearing.

Por providiay the possibility of direction finding an vertical
or on horizontal component of electric field are structucally united
those who are conaected by svwitch the pair of antiphase vertical vire
antennas and the horizontal dipole whose direction is parpendicular
to the plane of the pair of antennas. Horizontal dipole can be
applied even one, if direction finding is realized on th2 horizontal

cosponent of electric field.

Is kaown application/use in the range of frequencies 200-400 MHz
of vertical dipols vith rotatable around dipule seaicylindrical
reflector and the reading of bearing according to tha principle of
the coaparison of the phase of the voltage of the frequency of

rotation (modulation) fros the oriented radio station with the phase

|
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of reference voltige, Is utilized also the rotatable V-antenna with
reflector vhica laring rotation through 90° is suitable for the
direction finding of the vertical and horizontally polarited electric
field. Sometises tvo separate angle irons, turned n 339, are
establishy/installsd from tvo sidas of reflector and are changed over
by svitch of receiver. of simultanecusly during switching the

indicator of beacting is displaced by 180°,

Are applied joniometric systems with amotionless antannas (froo 4
to 8) for the 3iractional reception and with central antenna for the
nondirectional reception, moreover joniometers are sanufa>tured

inductive or capacitive (see §4.7).

Foc sbtaininjy acute/sharp directionmal characteristic besides the
revolving series an cophasal-connected vibrators, are utilized
circular antenna systems vith reflector and antenna cosmutator. The
diameter of the arrangesent/permutation of antennas reacaas (8-10)x,
the number of 3ips’les in system - to 100 [H.25). The dipoles of
systea -an be estiblish/installed at an angle of 459 to vertical
line, thea is provided direction finding during any polarization of

field.

Page 164.
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Direction finding is realized on of the traced on ths screen
cathode-ray tube to the radiation pattern, vhich is obtaiaed by
rotation by the s>tor of antenna commutator. In by the ciccular
antenna to> systea the bearing can be counted off also accarding to
the methol of the cyclic measuregent of phase in high frequency (see
§8.8). The inoperative antennas are closed to the eatth. Such systeas
ave applied in ground-based and ship radio direction finlars. Since
on ultra short waves the fundamental source of errors consists in the
effects of the fielc¢:; of reemitters, increase imn the sapiacation is
the effective seaas of an improvesent in the accuracy >f lirection

finding.

In octder to inctease raange aand to improve the conlitions of
direction £indiny (to decrease the errors due to the effect of the
near environnent), antenna system they raise above the earth'’s

surface and usually they assemble ahove the metallic counterveight.

Por the facilitation of coupling by the antenna of systeam with
their receiver place together on high mast or near antanna they are
establish/7installad bhigh-frequency ducts and frequency converter,
also, on feeders t> the receiver, placed below, transsit the voltages
of underfrequency. One should consider the possibility of the
disturbanze in thls case of the relationship/ratio of vert ical and

horizontal fields at close distances from transaitter (sue §6.3).
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As symmetrizal vibrators in by an antenna to systam for
providing the wide frequency band are utilized cylinicizal, conical,
f:p basket type or other vide-range dipoles. Are applied also
7 loop-anteanas, Fragquency band, overlapped by one assembly of dipoles,

gL from 2-3 to u4-5 and more. -

£ . : If it is rejaired to overlap vider frequency band, sometimes ara

applied several interchangeable assemblies of dipoles.

E b | In the range of frequencies, greater tham 300-400 MHz, in radio
direction finders are utilized the horn, parabolic, dielactricz,
slotted, spiral and other directicnal antennas of this fcsqueacy
band. The dessriptions of antennas, their characteristics and

calculation metholds are given in the courses of antenaas "~ 8.13, 3.6,
3.5)].
Page 165,

3. 14, Tho multipls operation of the receivers of radio dicection

finder froa olno! by the antenna of systes.
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In certain csses it is necessary that tws or severial raceivers

;; of radjo lirection finder work in parallel fros by the ;5
. coapon/generalstotal antenna of system. A parallel coanectiosn of gi
zl receivers can be realired through decoupling resistors which decraase
%: the mutual shunting of receivers and remove the possibility of the
é ' penetration of tha voltage of the heterodyne of any c2csiver or the
;: inputs of other raceivers.

Pigures 3.52 gives the equivalent diagras of parullél connaction ;
i

a of the receivers through the untying ohmic resistances R

In figure it is aarked: 3

£ - the voltage of antenna on the fregquency of tuning of one

of the re:elvers;
R, —: aptenaa resistance;

Ra,, Ruyoo.. Ry - entry impedances of receivers;

Tp - the traasforser of the agreement of loads.
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Wo assume that the first receiver is tuned to a freguency of
stress [, and it3 resistor/resistance R, =R, where Ru 18 entry
impedance of recaiver during tuning. Remaining receivers are inclined
for other frequencias and their entry ispedances for a viltage
frequency /L. we take sgual to zero:

Rmszz- .- =an=:0'

Then most pdwerful manifests jitself by-passing >f remaining

Kpjﬁ’ | | -.‘?p
gkm R,u ' 91{,“

Fig. 3.52. Parall2] connection m of receivers into antenna.

receivers.

Page 166.

Iospedance . on secondary vinding >f transforser under these

conditions
Rle| TRII) (‘590)

MRy e (- |)R-x

Xnoving R.- and R.. it is possible to calculate the rejuiced

transforaation ratio of the smatching transfocraer

n- ;L:V/ﬂlm”*“"'”mdx (3.10M)

Ry (R + Rend
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The coeafficiant of transaissioa of direction E. to the input of
the receiver, tuped to a freguency £u. in the presence >f matching

transforasr is equal to

k.= 1 V RPR':! . (3 10|)
T R (R T Ro) MRy + (m —1) Rux e

On the basis of equiv2lent diagrams (Pig. 3.52) tha attenuation
factor of stress >f the heterodyne U, vhich penetrates on the input
of receiver, tunel to a frequency of heterodyne, is exprassed

_Us _ 2R 4 2(m--1)Rax
= g= . R.”: . (3.102)

ke Re
In Table 3.6 are designed the values ‘/5__.—_."?" aad Yr for
R

di ffereat relations -g;";- and the different number of receivers. Being

agsignel ' it is possible froms table t> find R, k and n.

Wpon the pacrallel connection of the receivers through decoupling
resistors is obtained the loss of stress (3.101). The eiasiest method
of the realizatis>a of the decoupling of receivers vithoant the loss of
stress is the syitching on of the receivars through tha separate
cathode followers, vhich are sjimultaneously the cell/elanants of the
decoupling hetwvess receivers. To the grids of cathode follovers, is
connected the antenna, into the cathode of each throujh the feeder,

is included the receiver.

LJ;‘!M‘:_‘M'—'AML PRV P S,
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Page 167.

Resistor/resistance in cathode is selected such 8o taat the
feeder would be l>aded for vave impedance, By a deficiency/lack in
the diagraas with cathode followers it is characteristis it aonlinear
distortions with poverful signals, and also detetiorationlin t he

receiver sensitivity due to noise lamp resistance.

Por the compensation for the losses of stress betwesesn the

antenna and the raceiver, are applied brosdbaad antenna amplifiers.

During ths asplication/use of an amplifier, just as during the
application/use of cathode followvers, appear monlinear 3istortions at
their input. Two ¥oltages with frequencies £, and f, create the
voltage of coabiastion freguaeacy pfi:qfr It is necessary so to

calculate diagraa so0 that the nonlimear 1istortions lia/rast within

the permissible linits.

For the parallel conmection of the receivers of radio direction
finder, can be rejuired application/use two- or of thraes--hannel

anplifiers. In thir case it is necessary to take measares fnr the

achievement of the identity of channels.
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b ot b b ARG

o Table 3.6. Calzulitisa 5f the diagram of the decoupling of receivers.

3
: g(l} . Ro=Ryy I_______ _Rp_’Q_u___ L Ro=IR,, _-l _'i’,_:j'_,_-_ :- - g
‘ i . . i ]

. g . R v R A, Ay
| e e e T e B O B e N P [ I ]
g5 V L LY /_' ‘ Ryx ’ f_‘,! Ry Tr Vp" Ry te 3
ri R, : ] Ry i LR ! R, §
PSP O e e e e B S e e 1
2 0,204 | 0.666, 61 0084 | 1.2 |10} 04t | 172 14 0,145 222 |1s :
i U SR B . T - - . |-” o —— :- _____ . _:__...__ ._j_—— -—.._-_ —;%
3 0,158 i 0.4 ! xol’ 0,145 | 0.75 | I16] 0,131 P09 {220 0,12 1,43 | 28 3
— | e e e e e e ;
. 4 0,13+ | 02w’ 4l 023 ’ 0,545 | 22 ooz | 0.8 130 o.am [ 1.05 |38 i
| 5[ oms ez na0 | oumlan] o | 0.64 118" 000t | 08341435 i
! ! ' al| ;i
- i
{ !
; . Rl
4
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Page 168.
Chapter 4.
INSTRUSENT BBRORS, E
4,1, Instrument arrors of radio direction finder. 3

As it wvas shdwn in chapter 2, instrameant errors ace caused by
deficiency/lacks in the radio direction finder as measuciag meter.
The tool houses include the errors, characteristic to the operating
principle of the selected system, and also production and

assembling-adjusting.

Production ecrors are deterained by deficiency/lacks in the ff
structural /desiga and electrical calculations (by incorrect selection
of size/dimensions by the antenna of systea, by incorract calculation
of the inductance of the coile of goniometer and so focrth), and also
by inaccuracies in the production of the separate cell/elesents of

radio direction finder and radio direction finder as a whdle.

assesbling-adjusting errors are caused by the misadjustasent of radio

direction finler.
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Inaczuracies in production and mounting of radio liraction
finder scaetises ire led to the appearance of the so->1llasd antenana

effects vwhich also are related to instrusent/tool deficiency/lacks in
the radio direction finder.

Are pxamined belov the instrument errors, charactaristic to
antenna feeder systews. The instrument errors, caused by receiving

indicators, are described in chapter 8.

PAQO 168.

4.2. Antenna effect vithin rotatable loop.

The incoming electromagnetic wave creates on the frazevork
certain potential with respect to the earth/ground, because of which
appear the bias carrents to the earth. If, furthermore, the frameworh
through the connected to it receiver is connected with the
earth/jround by cinductors, then also in these latter appear enf and

currents. The stcength of these currents does not depeni >n the

direction of the incoming electromagnetic vaves.
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Thus, ong shauld distinguish two kinds of the curcrents, vhich

take placps throuja the turns of the framework: the push-pull current,

JPUH PRV

depending on the lirection of the incident wave, and the single-cycle
currenmt, vhich appears betveen the framevwork and the earth/ground ani

not depending on direction of the incident wave. In tha latter case

MIPTE RN IR

the frasevork operates, as the usual antenna, and this phenosenon

obtained the designation of the antenna effect of the Ecasework.

Let the framsvork be tuned by condenser/capacitor C and to it is
connected tube (Fig. 4.1), the end/leads of frasevork a and b having
vith respect tvo the earth/ground capacitance Cy and Cp,. Because of

operating in sides CD and ef emf E, and E, appear the curtents:

a2) curreat I,, wvhich appears around the framework wvh>se value
depends on diffecance B, and E, and, therefore, on the anjle between
the plane of propagation and the plane of the fraamework: this be a
fundamental fraee current; it creates on condenser/capacitor C the

[

potential diffecsice, which affects the grid of the first tube of
amplifier;

b) curcrents L, and I,, vhich flov from the frasewdck to the
earth through ths distributed capacitances of framevork C¢, C'¢, C**?

and of so forth, then through capacitance C, and C,, whizh are closed

again to the frasevork.

Each of these currents is determined only by
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one of the elactrimsotive forces B, and B, respectively.

Fig. §.1. Onsat >f antenna effects.

Page 170.

Because cf this carrents I, and I, do not depead om the lirection of
the incidsnt wvave. Their radiation pattern is circumference of a
sieilar to the diagram open antenna. These create at points a and b
potentials earth referenced:

/s

/, J, =0
Uu-———T‘n—.; llld Ub—.l-zl‘—c’.

The ceceiver affects a potential difference of points a and b.

This potential difference:
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it is turned into> zero, if C, = C, and I, = I,. Satisfaction of the
second condition is possible only in such a case, when the framevork
is completely symsetrical, i.e., if capacitance relativas to the
earth/ground of any point c, arrange/located to the left of the axis
of symastry, is sjual to the capacitance of symmetrical by it point
f. Hence it follows that the antenna effact does not app2ar in radio
direction finder, even if the framework, and the diagrams, connected

to its end/leads, are conpletely sysaetrical.

The heterogeaeity of the capacitancs of the framewdrk cam be
caused by its asyametric location of the relatively sacrounding
object/subjects. So, for providiag a gool work of tha zd>iteamporary
ship radio direction finder, vhich includes skip band, its frame
device is assesbled on the top of mast. The curreants, ifanduced in mast
and within the frasevork, with the reception of radio station
strongly are distinguished. The calculatiomn, given in ! 10. 3], shovws
that with the smast with a height/altitude of 16 a and the single-turn
framevork by che area of 0.5 m2 the current in the foundation of mast
to 2-3 orders exceeds the curcent of the directional caception within

the framevork. During the insignificant displacement of the axis of

the framevork with respect to the axis of mast due t3 tas
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manifestat ion of the dissimilarity of ths capacitance >f the sides of
the frasevork relative to mast and the surcrounding metallic
ob ject/subd jects iato the framework is induced lirqe supplesentary

nondirectional eaf (antenna effect).

Anteana effezt in the frasevork appecrs also, if, focr exaample,

the framework is arrange/located too closely to the wvall of building

or aetallic part af the ship (aircraft) (Pigy. %.2).

Page 171.

Let us exasiae the reasons for asymmetry, connest23 with the
circuit diagras >f the framework. Prom the sisplest circult diagras
of the framevork (Fige. 4.3) it is evidepnt that one eni/lead of the
framewvork is connected to the grid of the tube, vhich has negligible
capacitance vith respect to the earth/grournd, another 2ad/lead is
connected to the cathode of tube, which has very consilarable
capacitance earth referenced. Very frequently the cathode of tube

directly is grouamled, and then asysmetry will be expr2ssal still more

poverful.

If symsetry >onditions are not observed and is obsecrved antenna

effect, then the resulting radiation pattern is distortal, he differs

from the studied in us ideal djagrax. To the grid of tube, will be
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supplied two voltages: depending on the direction of incilent wave

E
£y
g1
¥,
i

aad not dapendin) on this direction.

1 pon mn,
PR

auEe i T

Taking into account the aforesaid, ve can use conclusions 4§3.8,

Pl

since the voltagas, which are received because of the antenna effect

LD

of the framevork, are completely analogous to the voltija of the open

v

antenna with the -ombined reception on the antenna and ths framewvork,

RN

e
za

Onder normal conditjons the grid voltage of tube, vwhica i3 received

o

due to anteanna effect, is lower than the voltage froa the framework.
It is analogous with that, as we enter §3.8, examiainy tha action of
] the open antenna, it is possible the voltage of antenna s3ffect to

decompose on tvo those vho compose: one in phase, anstaac - out of
:" phase in r/2 ralative to the voltage, vhich is the resalt of the

actioan of the pure/clean frasework.

o

5
= Cmenc

(3) Jemns

Fxcaﬁ’.g_ "‘"?
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Pig. %.1. Asymmetry of framework of relatively surrounding

object/sabjects.

e

Key: (V). Wall. (2). Barth.

rig.fh.3. Asymsetcric diagram of frasevork.
Page 172,

There shown, that:

- phase cosponent/term causes the displacement of the minimuas;
the miniaums 9f raception, distant one from another into the ideal
diagras of reception accurately to 1809, into this case taey are

sutually located on smaller angle;

- noaphage crapoaent it causes diffuseness, the vijuaness of the
sininvas of intensity of reception. If vwith the ideal diagr&- of
recept jon in the position of the framevork, perpendiculac to the
dirsction of propagation of wave, completely there is no reception,
then under nonphase antenna effect is obtained only the sinimam of

reception, by those more diffuse, than is more antenna effect.

Pljures 4.4 lepicts the diagram of reception with the existence

aod i

dde v

el

RN TV

PR

b adt



K5 48

v

LS

r

DOC = 77223208 PAGE 13@8

of antenna effect in phase with frame. The directions, by which the
intensity of reception is equal to zero, differ by anjle ¢+A from the
directions of zerd> reception for a purely frame diagraa. Counting off
bearing with the 3id of the direction finder, which posszsses this
diagraa of reception, ve complete the error, equal t> +A >r A
depending on that, on which of two ainimues 18 counted >Ef the
bearing. This ercr>cr cannot be taken into account by calibration,
since it depends on the vavelength and direction of inz2uing
alectrosagnetiz field. Its effect can be excluded, if ve orient first
on one ainiaum, and then, after turning the framework t> angle of 180
¢ 2A, on anothar. Calling the first bearing q,, and the sacond gq,, we

will obtain the true bearing from the foaraula
gDl 180°)
Into normally working direction finder the displacemant of the
minimuas, or as it is accepted to call this phenonmenon, the fracture
of the axis of the minimums, must no or be very small (for exanmple,

the fracture of the axis of the mainimums 24 < 19-1,59),
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Pig. 4.4. Radiation pattern uander antenna effect in pkase vith frame.

Page 173,

Pigures 4,5 3epicts radiation pattern in the presencs of
nonphase anteana effect, and also vector diagram of allition emf.
Aere the minimums retain their direction, but instead of the complate
zero receptions, are obtained the diffuss, little detaraiaed
ainisums., This diffuseness is led to the appearance of sibjective

errors of reading.

Actuyally, the total voltage will be im this cass >jually

U=y Usin' 1407,
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b 3/0

% vhere U, - is voltage across capacitor froa frame eaf;

¥,

g‘ . f B3 |
A Us - voltage from antenna effect; 3
3

%ﬁ ® is an angl2? of rotation of the frasework froam taz lirection of

i: zero reception.

(,\ ' E

: In the position of the ainimuam, the voltage is turn2i1 in

Ui == Ua.

. Let us assua2 that this stress higher than equivalent disturbing
voitage and noises determines the angle of the egual t> audibility.
An incremsent {n the audibility during the rotation of tha2 framewvork

from 8 = 0 through small angle A8 will be

(st b8 4 U2 ’ vt 1
AL=201g gﬂ—s“—ie-}' ~=101lg tl—}-—b—‘;—sm’wl-

With seall A3, applying the formula of approximation calculus,

we obtain '

UZ

23
J

a

and

= Ua
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Pig. 4.5. Radiation pattern under nonphase antenna effact;

diagram of addition eamf.

J o TR L A ST P

vector

L e BN ST TR AT R S F Tl

L ratr ki

b el



DOC = 77223209 PAGE 7

‘ 'fw B a3
Ay

~

g g

r

[3

o Page 174.

LN

ke

Ei? Por example, limiting angle by equal to audibility 246 value 3°

X

o « 0.05 rad and considering Al = 1 dB, ve obtain the E>ll>yving

é? condition, which lLimits the valne of the antenna effact:

ir

F i, 206 -

?L Hence it is apparent that even the relatively lov value of
antenna effect produces an essential increase in the subjective

o error. Thus, for obtaining precision work of direction fiader must no

the extra~phase csaponent of antenna effect. f? it sust be noted

that usually the phase of enf of the antenna effect vhen the
size/disensions of the framevork are smuch less than the wavelsngth,
differs from the frase by the angle, close to w/2, since the systen

of ths framewvork, considered as open antenna,. is not adjusted,

4.3. Elisination of antenna effect wvithin rotatable loop.

i
£
£
E
;
.
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Since the rasasons for antenna effect is the asyametry of the
frasevork or comnected to it receiver, and also receptida by an
entire system of the framewvork as by open antenna, the measures of
the eliminstion of antenna effect are reduced to obtaining of the
coapletely balanced netvork of the svitching on of the frasework and

to the exception/elimination of reception by the framswork as open

antenna.

Let us examiae the diagrams, vhich ensure the syasetry of the
svitching on of the framevork. Protozoan of these diagrass - the
grounding of ailpoint is depicted on Pig. 84.6. Grounding of midpoint
vill entail the nsed for the connection of receiver to tas half of
the framevork: on» end/lead of framework a is connected to grid,
another b remains free. The cathode of tube is connected with
sidpoint of framswork O. Because of very small grid capacitance earth
referenced the difference in the capacitance of end/leads a and b is

so small that the antenna effect appears to very veak 1ejree.
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Pig. 4.6. Balancal network of connection of receiver to framevork.

Page 175,

Purthermore, iaduzed in ground vire eaf are directed opposite to enf,

induced in lead vires, vhich also leads to a decreass in the antenna

effect.

Sscond sethd>l - svitching on at the input of tvo tubes according
to pushe-pull circuit (Pig. 4.7). Here both end/leads of the framevork

are connezted to the grids of two tubes, vhich sust ensure the

sysaetry of diagraam.

Pinslly, syssetry can be restore/reluced by the craasection of
the special balanzing condenser/capacitor to the end/leads of the

framevork, vhich have different capacitance earth refsreazed. But if,

as so often im the case, the cathode of the tube directly is
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grounded, then this method cannot be applied, since the saconi
end/lead of the framevwork we ground cannot. Therefors the method in
quastion they alwvays combine with diagram, it is depictel on rig.
4.6.

In practical fulfillaent the diagraa takes the fors, shown in
Pig. 4.8, Por lacjer convenience is here used the diffaraatial
capacitor, which sakes it possible to increase capacitance earth
referenced any end/lead of the framework. A deficiency/lack in this
sethod is the effect of the compensating capacitance on the tuning of

the framevork.

Decrease ia the asyametry of diagram and value of antenna effect
gives to known dejree of application of the diagram of the inductive
coupling of the frasework (Pig. 4.9). Results are obtainal still

better, if aidpoint of coupling coil L, is grounded.




N e e T L v L T e S it Mt T S L e L T N T LI L AR Aol

SR e SO ST R E STy et i Sy

RN |
el
:
;

poc = 77223209 PAGE 775 =
i E
i

b -yl

I [ LE) \_4"

ﬁ _“ *A ‘ YLZ '

.. "

b

b F\'?_q"]_ F.;%Z F\?‘-&q

N Pig. 4.7. Push-pull circuit of switching on of framevork. E"
I

]

Pig. 4.8. Diajram of compensation for antenna effect.

Pig. 4.9. Inductive circuit diagram of framework.

page 176.

g3

It is possible to obtain a further decrease in tha antenna
effect, if ve include/connect the turned circuit syssmetcically, for

exasple, after coanecting tube to the half of coil L, (3s in rig.
“.6) .

¥ith the poverful cosmunication/connection betwveen c5ils L, ani

L; because of am incCrease also the capacitance of ons :=3il relative

to another appeac the bias cyrrents from L, and L,. I[f ths svitching
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on of coil L, not is completely symmetrical, then the 3istribution of
these ticks along coil will be nonuniform. Thus, for instince, in
Pig. 4.9 bias curcent of the end/lead of coil a will be mdre than in
the end/lead of coil b, since the first path represents samaller
resistor/resistance to the earth/ground. the inequality df these

curreats produces equalizing currents of antenna effect in L,.

The effect of bias currents can be considerably
attenuate/veakenel by the application/use of the electrastatic shield
between coils Ly and L. The electrostatic shield is the setallic
separator, connected with the earth/ground. It is better, if it is
comprised from separate conductors. Blectrical lines of force cannot
intersect the conductor of screen and therefore they 15 a3t pass fros
one coil to anothar. Magnetic induction resains almost vithout
change, since screen aust be extended ani be arranjge/ld>zated so that

in it 4ld not acrise the circular demagnitizing currents,

@ere proposel the special diagrams 5>f the inductive connection,

raoducing the effect of the asymmetry of input circuit of radio

direction finler on the framevork.

Figuces 4.10 shows diagram vith the transfaramer, proposed by V.

D. Kuznetsov. Secondary winding of transforser, connaztel in the

sysmetrical framawork, consists of tvo halves L,* and L;", wound
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tightly one to another and to prisary wvinding L,. The S>sson point of

halves 0 i8 grouaied.

Because o5f tiis winding/coil the mutual inductanca of the nalf

of secondary viniing wRy; is approximately equal to their inductance,

V 1-9-.

o\ﬂ'z =~ (z)L'g - (I)L"Q.

b

P ¥
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K onmwenne

Pig. 4.10. Circuit of V. D. Kuznetsov'sg transforaer.

Key: (V). To receiver. (2). To antenna.

page 177.

Let the capacitance earth referenced any point of primary
vinding (with unsyametrical loading) cause in one of the bhalves of
secondary vindinjy current I, the voltage drop earth referenced B, =
Jul;*I ;. Because >f the mutual indactance of the halves of secondary
vinding in the sscond half, will appear the voltage earth refearenced
B" , = Jull,I,, in value equal to B, and on phase differisg by 180°.
Both voltages E'j;and E* , average out anl vill not cause asyametry in
diagras. Therefore antenna effect d0es nct appear. By th2 selection

of cell/elements and by the selection of diagras it is possible to
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attain the vork of transformer in broadband [3.4).

rigures &, V1 shovs diagras vith the transforser, proposed by A.
A. Pistol'kors. 9inding of the transforasr, connectel in the
directional anteaaa, is vound in the fora of twvo halves L'y, and L* ,
betveen which is located the vinding of inpat circuit. rhs latter
congsists of tvo identical coils L; and L,, wound tovards and
connected in parallel. The comson points of vindings L, 11d L, are
connected: point 0 - with the grid of the first tube of receiver,

point 0' - with tie earth/ground.

A5 a result >f this winding/coil of transforser calliag
asyampetry s8ingle-cycle coil current, connected to receiver, does not
manifest itself tye coil curreat, connected to the directional

antenna.

Ve vwill exasine the circuits of the elimination >f single-cycle
current in loop antenna. Asyametry of receiver circuit produces the
appearance of a single-cycle current and antenna effect in any
syametrical direzted antenna. is temoved single-cycle cucrcent by the
selection of the zircuit diagram of the symametrical antenna,

analogous examined for a rotatable loop.

The exceptisn/eliminatioa of receptioa by the frasevdtk as open

antenna due to ths asymmetry of diagras of imput can bs obtainmed by

the appropriate screening of the frasework.
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Pig. 8,11, Circuit of A. A. Pistol'kors's traasformer.

Key: (1). Directional antenna. (2). To the grid of the ficrst tube of

receiver.

Page 178.

The diagram of this screening is shovn in Pig. 4.12: the screen
betveen points A and B is torn and in it does not appear ring

currents on the duct of the frameworke.

Siace the reception is realized because Oof the viltajes, induced

vith field in scrsen, asymsetry of diagras cannot be the reason for

antenna eof fects.
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It is necessiry, hovever, to keep in mind that the asymmetry of
the screen of the relatively surrounding object/subjects produces the
dissyametry of cucrents in it, vhich leads to the appearance of an
antenna effect withim the framework. Of the symaettical 3>ubled
frasevork, examia®d into § 3.7, emf, which appear in it 1ae to
capacitive coupliag earth referenced of the right or left side of the
framevork, are compensated for and therefore the dissiailarity of the
capacitance of tha sides of the relatively surrounding metallic

object/subjects does not manifest itself (see Pig. 3.22).

The methods >f sysmetrization during the use of cdraxial cable

for the connectisa of syametrical antenna are described in § 4.12.

8.4, Instcument ecrors of system with rotatable loop.

Most i{dle tise ia the relation to diagram and construction is
the system of the revolving framework. It is natural that in this

systea the nusber of sources of the instrument errors is smallest.

Lateral effact of the framevork. In the case of the
three-dimensional/space framework, the wvire of the frasew>rk during

the series circuit of its turns forms one supplesentary turn,
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pecrpendicular to the fundamental turns of the fraaevork. The presence

of this taurn produces the error in the datecrmination >f bsaring vhose

value was deterasined (to 3.284):
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Plg. &.12. Screening of the framework.

Key: (1) . ¥indinz/coil frasewvork. {2). Screen of the fraaawork. (3).

Screen of receiver.

Page 179,

This error has the coastant value, vhich does not iapend on
vavelength. Tharafore it easily can be taken into account during the
calibration of dictection finder. Por a decrease in the lateral effect
of the framevork, it is possible to fulfill the winding o€ the
framevork so that its each turn lie/rests strictly at s>n2 plane, and

the connectioas batveen turns represent sections of wires,

perpendicular to the plane of tura.
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?i Bffect of blas currents. In the case of the
'{i‘ three-dimangional/space framevork, is observed also the appsarance of ;
ﬁf the diffuse minisuws, even if there is n> antenna effect. is i*
v explained this phencaenon to the facts that vhen the C'

threr=-dimansional/space framework is located in the pd>sition, which

corresponis to thy miniaum of reception, its separate turas are found »%
r under different potentials. Because of this betwsen separate turns,
: - appear the bias curremts through the capacitance of one turn vwith

respect to another. Value of these currents is changsd according to
cosinusoidal lav iuring the rotation of the frasevork. 3ince for
these currents ciccuit is detuned, they are out of phase in v/2
relative to the fundamental current of the framework 1ai, therefore,
is produced the iiffuseness of the sinimum, vithout displacing it. In
this respect they are similar to the nonphase componsat >f aantenna i
offect. Blas currents differ from nonphase antenna effect in the
facts that the phase of bias currents is changed by ravecse/inverse
during the rotatisn of the framevork through 1809, vhile value and
the phase ol anteina effect do not depend on the rotation of the

framevurk.

Pigure 4.13 1epicts radiation pattern and vector 1iajram of {its
construction upoan consideration of bias currents. Two Large contacted

circumferances A represent the diagrams of the receptida >f the ideal

framevwork.
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Fig. 4.13. Radiation pattern vhen pias currents are present,. Vector

diagraa of addition eatf.

Page 180.

The effact of bias currents is characterized by two contacted
circuanferencos B less in value and shifted to 90° relative to the
diagrasm ileal framewvork. Diagram D gives resulting heart-sheped
diagraa. The effa-t o>f bias currents just as lateral effect, is

absent at the flat/plane framevork.

Direct reception. Reception for the input/introductisns of the
framevork, coil and wire receiver creates supplesentary saf vhose
interaction vwith the fundamental of esf of the framevark produces

either arror or tye diffuse ainimums depending on the phase of these
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supplesentary saf. If supplesentary eaf ace induced in ths stat.onary
parts of direction finder, then their effect coepletely is analogous
vith tho antenna sffect: phase components vill produce the
displacesent of the minisuas (i.e. the ecrrorvhose sija i3 changed
during the rotatiosn of the framework through 180°), and nonphase -
diffuseness of th? alnisums, the degree >f diffuseness not depending
on the angle of rotation of the framevork. But if suppleasntary eaf
are induced ia the parcte, vhichqkotate together with the framevork
(for example, in its iaput/introductions), then phasa c=daponeants vill
produce the error whose sign is not changed during the cotation of
framevork through 180° a nonphase - the 1iffuseness >f the minimum,

analogous to the affect of bias currents.

For the plisination of direct reception, it is necessary to
ensure the careful screening of an entirs direction-finiing
installation (input/introductions of the framewvork and receiver). The
effective screening of input/introductions considerably is

facilitated, if the framevork is also shielded.
In supply losads, also they can be induced by esf of 1irect
reception. So that these enf do not affect the circuit >f receiver,

it is necessary "> use decoupliug filters in feed cir:cuits.

Reraldiatioa >f receiver. Circuital currents of receiver can give
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reradiation. Secondary field affects the framework and is the source
of the errors or jiffuse minimums depending on the relationship/ratio

of its phase with the phease of ground field.

sSpecial dsnger represent the last/litter cascadesstijes of
amplification in fundasental fregquency, since ian their ducts
circulate the considerably asplified currents, capable 5f creating
the suffi-iently intense fields of reradiation. For the
exception/elimination of this source of srrors here, as i3 ths case

of direct receptisn, is necessary the very careful screening of

receiver.
Page 181.

Slope/inclinstion of the axis of the framevork. The
slope/inclination of the axis of the frasevork creates ths ercor

vhose maxiaum value can be determined by the foraula
1 \)
A= Q;:J. 25’00,

Key: (V). deg.

vhere y is angle 5>f the slope of the axis of the framevork, deg.

In ground-based installations this error can be made
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sufficiently sasall. It is a different matter aboard the ship or

aircraft with baak; for example, vith bank into 30° ercor will be

approximately 49,

Bcceatricity of the scale. Bccentrizity of the s=ale relative to

the rotational axis of the frasework produces the ercor

A= (T cos 6 < sin o) 51,3 39):0,

Xey: (1) . deg.

X vhere <+ is eccentricity in direction 0-1809; ¢, accentricity in

directior 90-2709; o is a radius of the scale.

Incorrect engraving of the scale, nonunifora divisisas, etc,.

T WET Y T T

Inaccurate zsro-setting scales.

Bffect of ths nonparallelism of the framevork in th» systeam of
the diverse framevork. Besides errors vhich are inherent rotatable
loop, 4in the systenm diverse framevork can manifest itself{ their

nonparallelisa.

f ' The cases of the nonparallelism of the frasevork in the systen

of the diverse frasmevork are depicted on Pig. 4.14,

o
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Pig. 8.14. Not in parallel diverse framevork.

Page 182.

Here A0, anl of A8, -~ the angles of deflection of the planes of

the framevork fr>s their regular arrangesent.

In the expressions for omf, induced wvithin the separate

. framevork, insteald of the angles & will snter the angles @ ¢ A@, and

6 ¢ ABg. Since cos (0 ¢+ AG) = coo 6 - A6 sin 0 and siln(9 ¢ 40) = sin
@ ¢ 40 cos 8, to sach of the diverse framevork seesingly had had
added the supplemsntary, perpendicular to it framework with the
relative effective height of 48, radian and 48, radian. P> the
radiation pattern of basic systes, vill be applied the raliation
pattern cof the diverse framework, perpendicular to funiaspntal, enf

of the supplessntary framevork can store/add up not differentially,

1)
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330
but accoriingly. Then the action of the supplementn;  frisework stops
of equivalently t> the action simple rotatable loop. furthermore, if
A6, # A8,, then vwill appear the antenna effect, prapoctional to

the angle of the anonparallelisa of the framevork (A6,~A0,).

Por the limitation of the indicated ill effects (maximum error

30%) the 1iverse framework must be parallel with accuracy 10°=-1S¢,

4.5,

Antenna effect in a goniometric systes.

As withio ths simple revolving frassvork, in gonissstric systes

can bes observel phase, so also nonphase antenna effect.

Let us examine simplest systes of tvo mutually perpendicular

framevork (or tvo pairs of the spaced antennas).

Let us desigonate: a,, a, are ratio of the ampiitaiss of esf of
the phase antenna effects of the frasework of goniometric systes to
the amplitude of maximum eaf of the directional receptiosn; b,, b, -
the ratio of the amplitudes of enf of the nonphase antenna effects of
the framework to the amplitude of saximum eaf of the 1irsstional

reception E cos 0 and B sin 8¢ — enf, induced within the framewvork.
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Page 183.

Total esf within the framework taking into account antenna
effects are oxpressed:
¢,=E [(cosh 4-a,) 4 jb,],
E,=E[(sinh+a,) + jb,).
In the general case the resulting laqnetic'field ia jonionmeter
vill bhe elliptical. Por determining the angle of bearing g,
(direction of the transverse of field) and the relation of ssall anmd

seninajor axes of magnetic field (A/B) we will use foraulas (III.3)

and (III.7) of appendix III, after substituting in them vilues of } =

cos 0 ¢ a3, m = by, -n = 8in 6 ¢ a,, -p = b,. Then we obtain:

2 [y 4 b)Y 4 aysin 0 4 a0y cns 8] & sin 28

g 2o == =5 - 4.
g < (af +0) — (a5 + b3)+2 (74c080—~ctys1nB)+cos 29° (1)
A
e g_ = {(ayby — a1by) + b, 8in 8 — b, cos H]
< ) Ty OB+ 8in 8 F ageosd F sin2g) SI7 22umn-

4.2)
Prom (4.?) it follows that the bearing error A in the general

case is designed from the forasula

tg 24 = 28 =g (22, — 20) —

Dcm 26— 12 sln 20 }-Qa,cnso-_—_?ﬁ._.s_lne (4.3)

|
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vhere and
D=2(a,a,+ b,b,) p E=(a] +6}) —(a; +&}) 1

are error cnefficients.

Let us examile special cases of the presence of antenna effect

in one of the frasewvork.

1. by = a5 = b, = 0; a, # 0, i.e., only at the first framework

has phase antenna effect.
Page 184.

Prom (4.3) it follows that then

2u,8In 8 + a’sin 29 .
A=-05 ! *ai : 3
1 4 2a, cos 8 4 ajcos 28

with approxisately with a, << 1

Pormula (4.4} shows that in this case the error chanjes sign

_ a,sin @
e R (4.4)




A L A A i o hutadi el el dttas L1 SRLUML S L C g | - T
: b Rl ! § Regtit AR
.. . - e - LA -

TR TR R TR T ERaE e T

R E TR RT TR YRR TR AT e T e Ty 7 0
D -

) A o)

DOC = 772232C) PAGE 34
>34

during a chanje i1 the angle 6 to 1809, i.e., occurs the fracture of
the axis of the sinisums, equal to 2A. after eguating zero derivative
of (8.8) in teras 5f 0, let us find the value Ulua.. at which is

obtained the maxisum error:

cos ')uano = —_20,,
Unaxe == arc cos (— 2q,).

Baximum error will be

__m
Vi—4a?

Annnc = (44')
Ratio A/B in tkis cz23e is equal to 0, i.e., magnetic fiell in

goniometer linear sinusoidal.

If ve restrist the fracture of the axis of the minisanms by value
29(A = 19, then phase antenna effect must be not sore than by 1.80/o

saxiasum eaf of tha framewvork (or the pair of the spaceil antennas).

2. a3, = a3 = by = 0; by # 0, i.08., at first framewvork bhas

nonphase anteana sffect.

Pros (4.3) it follows

b7 sin 28

A —05—b— .
I ++ b} cos 28

(4.5)

Let us find the value Ouac. by which is obtained maxiaum arror, after

egquating derivative of (4.5) in teras of & zero:

€08 2Mane = — bf ,
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After substitutiaj value i,,., in (8.5), ve vill obtain for the

saxiaua error
W _T::—: . (45')

Page 18S.

Bxpression for thes relation of the semi-axes of the ellipse of field

oh the basis (4.2) takes the fora

2 2, sin 6 2, sin0

[ +2b%cos 204 6% 1 +bcos28”

e

ke b e gt i Dbl i A i c P ek i L Wi mm

b

Gy

For the lov values b,, ve obtain approxisately

| >

(&)

and
~7 x %‘Sino A (

) =,

;MakKo

]
N
Cop
@]

If ve restrict error by value 30', then the persissible anonphase
antenna effect must comprise aot more than 10-120/0 of frame
reception. in this case, the ellipticity of magnetic field (relation

of small and semisajor axes) will be also A/B = 10-125/>.

F Y A owity . N v
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Froa the 2xasined special cases escapesensue thosa high
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requirements vhicy are presented to goniosetric systems in the

relation to the lisitation of antenna effects. These rejuiremsents are

: ‘ﬁ!" :

L4

led to the need f>cr the fulfillment of the symmetry of tana 3iagraa of

For further lecrease in the antenna effect is applied the

electrostatic shisld in goniometer or supplementary intecveniang

4

% } frasewvork and paicrs of the spaced antennas, and also the complete

? ' identity of the parameters of the spaced antennas.

W 3
i The asyaametry, caused by input circuit, in goniomatric systeas X
i 3
; is attenuate/veakaned by the application/use of inductive coupling 2
N (in goniometer). 3
Y

transfora2r vwith the screen between vindings. The grounding of

nidpoint of system is also the effective measure of a 1ezcease in the

antenna effect.

The limitati>ns of antenna effect, determipned for a 3system of
tvo pairs of the spaced antennas, approximately are retaised for a

systen from n 5f the spaced antennas.

Reasans for appearance of antenna effects of systems with the

spaced antennas are examined in § 4.8,

Page 186.
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Brrors of goniosetric systea.

fundanental ceasons for the disturbance of the jonismetric
systea: the dissimjilarity of maximum currents in the fiali coils »of
goniometer, coamuaication/connection between the field coils of

gonioneter or between the framework.

1. Dissisilacity of maximus currents in field coils »>f
goniometer is caused by facts that are different resistor/resistances
of ducts of frasework (pairs of spaced aantennas), saxiaua Mutual
inductances of search coil vith field coils of goniometer, either
saximum ouf wvithia the framework, i.e., 24, = 23, oOI My maic 7 Mz warce,

o Il uane#*E2 sanc. the resaining conditions, which easure the

normal operation >f systea (3.46), are satisfied.

Let us examine the effect of inequality on aodulas/asiulus and

argument >f the ressistor/resistance of the ducts of tha framewvork.

Let us accept:

CATIpN - acos @ - ja sin e, (4.6)
T
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vhere z;,/7232 = 13 - the relation of amoduli of resistance: ¢ is a

difference in thair arguaents.

After substituting (4.6) and (3.46) with the exception Z,, = Z,,

in (3.46), we will obtain

slhacosh — -;'—'i cosasin §
/= joMEChqq - . ,

Z
1y — 7'—'- wtA{costa — @*Afsinta
-3

j: == ‘(‘dj‘ E/‘awx

Z][Z]]
< sinacos §—acos pensasinf—jasin pcosasin
wiAf? wlM? wiAf?

| —a 7—17: cos¢ costa-— —7“—7'; sinta—ju zTZ.', sing ensla .
Approximately it is possible to count which at th2

values a, ctlosa t> unity, densainator barely depends on

current Iy it is possible to write the expression

[ =i M C/ —(acosysin8faslnp sin 8) cos a4-coshsina
.~IZ||Z" lnd‘ - I __Q'M' '
Zniy
4.7

Page 1387.

After reja2ct/throving the terms, independent of 1z,

will obt:in

/, =-coshsina — (asinfcos ¢ -+ jasin isingjcosa="L (LK)

3nall ¢ and

xr and for

@ and ¢, ve
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15 = a’sin’0 cos®a-cus*0 sin*a—2asin § cos fsin acosacos @,
(1.8)

vhere

- proportionality sign.

Bxprossion (4.8) corresponds to the equation of ellipse. Since
current in search coil Iy is proportional to its penetrating magnetic B, .
flux, of (d.8) it follovs that the magnetic field in goniometer has :?i
the elliptical lay of change depending on angle a. Di:ia3j the 7
rotation of search coil never will completely disapp.ar the
audibility. When the plane of search coil is perpendizular t» the
ainor axis of tha ellipsa of magnetic field, is obtained the winimum
of audibility; vhen the plaane of search c20il is perpealdizalar to the

transversa, is obtained the maximunm of audibility.

Let us usa €armulas (III.3) and (IlI.7) of appendix [II to the
solutfon to equatiom (L.8). Por this, ve assuse that
[=—asinfcosp, m=—asinfsing, —na=cosh, p==0. b «

then

2asin 8 cos 0 cos
g 2y = !

—avsin' B (cos¥ g 4 sinty) fcost 8

__asin28cosy _ 2atglcosy ( .
=cori— arslarh T migrs .~ B 2hcose. (19)
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vhere

o, =atgh;

2 —asinBcosbBsiny

TZusinCcosbcosy

S\n 2=Mllll == tg ? Si“ Ballllu-

:;;&h»

7

I+
(4.10)

If we detersine bearing by the ainimus of audibility, then will
be obtained tha bearing error d=ayy, —9, which can be found fros
the expression

tg 20 == g 2 (@puy — b) =

— 208 — 1) s4n20 — (1 — 22 cosy+a’)sln_:l6 -
(14-2a cos 94-at)—2 (a%—1) cos 284 (1 ~—~2icosg+a?) cos 44 *

4.11)

Page 188.

Let us designate

D= nt— |
T T ¥ 2cosy fa

. l—=20cosp 4t g
Ko~ mr sy Far (4412)

From (4.11) ve vill obtain

D sl 20 — Kein 40

28 = D0 24™F Keos 4D (113

wh. - 'E::u.m
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the naximua value of error let us find further.

A
2F
PFros expression (4.10), it follovs that | ANT it reaches
' —\F
the maximum valua whem a,;,,=45° This, as can be seen fros

(4.9), it corresponds to the comdition

ctg 0 4 =a

(F e

independent of tha value of a phase difference e,

Lot ug substjitate a,,, =45° in (§. 10) and ve will 5btain

2 (4)
\—F MOKC
2

R
‘ \T)nanc
independeat of value of a.

=tg‘f [RT]} (—l/}) =g _;.

Matic

At the lov values of a phase difference v and with value a,
close to unity, from (4-10) it follows that
-g~=-;-sin 20 d ey
and at 8 = 45° we obtain (_g) ="' deg "

Ve vill oxailne the effect of the diszisilarity of the
resistor/resistunces of the circuits of the framevork. Alalogous

action vill produce inequality on asplitude and phase >f the maxisus

4
4
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E W
of eanf within tha framewvork. In this case of a and ¢ the
preceding/previous conclusions must be related to Liwme and
E! MAHC

The obtaigod expressions (4.9)~(4.13) characterize tae error and
. the diffuseness 5f bearings in the general case of the presence of

dissisilacity in the ducts of the framewck.

Page 139,

Fhan ¢ = 0 asd a # 1V, i.0., the arquments of the
resistor/resistances of the framevork are ideatical, 1ni moduli of

resistance are different, fros (%4.9), (4. 11) and (4.12) it follovs

that:
L 2y =algl, (4.14)
e o e

D' = T+ 2 4a® ™ a1 l\' - l—"pm'—"f‘_"; D'

and
22 inan (a1 )?ﬂn 49
was, =2 DO TEFDEY
1—2 ST cos 20 4 (utrl) cos 48

Por this case the error can be found directly froa scpression

for current Iy (3. 4u):

/= J@AE liyp (Zy8Inacos b — Z,,co8 a 8in &)

Ticos Talitay’
2t LS

T
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The conditisan of the reading of bearing will be equality I, = 0
or the squality >f zero numerator of expcession for Ij. PFrom this

condition we obtain formula (4.14) in the form:

g By = S tg 0 =a tg ).

bearing error A; Ls deterained by the expression

tg 8, == g (@uyy— 0)=— . :._l_ |-'—_=T‘BT";:££‘0” . (1.16)

Pros foraulia (4.16) it is easy to obtain the decived previously
forsula (4,.15). Let us detersine the maxiaua value of srcor 4,, aftec
equating zero derivative (4.16) in terms of 0. We find Ouaxs, vith

wvhich is observel maximum error 4,,,.:

huw==%ammw(%£+). (4.17)

Page 190.

After substituting (4. 17) in (4.16), ve will obtain expressicn for

the maximua error:

t8 Bipune = —~ I')-_'? =0l (4.18)
ViZp? 2y '

At the value of coefficient of a, near to unity, forsula (4.16)

is sisplified;

=1 i L - 1)sin 20, (4.1
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i.e. error has quadratic lav with maximuas values at @ = 45, 135, 225, ?'
3159, with the large dissimilarities of the amplitudes of currents

vithin the frasevsrk (large ¢) the law of a change of thx» ercor is

obtained more coaplex: besides guadratic comsponent appaars the

octantal coaponent of errcor.

If ve restriczt error by value 0.5°, then the peraissible
dissimilarity 5 the amplitudes of the currents of field coils will
be +20/0. It i35 necessary to note that in the case of a1 # 1 of the
exaaimatisn of expression for I, follovs: resistances, iatrodvced by i
frase circuits iato the duct of search coil, change vwith the rotation -
of search coll ol gonismeter, i.e., for each position of search coil,
is reguired its alignment of tuned circuit. This is ons >€ the
sign/criteria of the dissimilarity of the ducts of the frimework vith
field coils,

To the sase rosults (errors vith dicection f£inding and the f:
staggering of seacrch coil) gives the dissinilarity of tha saxioua
putual Linluctance of searching and the field coils of goniometer and

the inequality of the effective height of the framewotk.

In the exanised case of a ¢ 1, ¢ = 0, as this folides from

(4.10), A/B = 0, f.0., the diffuseness of bearing (ellipticity of tho

resulting magneti: field in goniosmeter) are abseant.
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If z4, = 255 °c a = 1 and ¢ % 0, vhich corresponis t> the case
vhou‘tha resistor/resistances of the ducts of the frasewdck ace
differing by mof i1le, but they differ in argument, then of (4.9) and
(3.12) follows that

1g 28y, = Lg 20 cos®

and

D:kag%zmv
Page 191,
Bearing error L, from (4.13) will be determined by the sjuality

y
, . 1 — g~ ein 19
tg 28, ==tg 2 (apyy — 0)== r-_—l:(':cg:28= 2.

j—1g? z— cos 4h

(4.20)

The ellipticity of field is characterized by expression (I[II.S):

A=Y =ainiianly 1.1
BT T VT Shn ey -2l
The maxiauam value of ecror 4,.,.... vhich occucs vhen
oNnuc == l e Cos (“ l\‘,)o

4

atatwist bt e 1 2B i L it i it ¢ 0 e R mn......mhm
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a it is designeld from the formula
. v
ij ngAnmuo‘—‘-—- = K = ‘_‘_'_?__.. =-I--l':'£o-—’-
E‘ 1 - K; V""g‘% 2 Vcosy
v
ﬁ. At lov valuas #, counting 1/2(1- cos o) =
5
: =siu',—:~.=%', Veospx 1, /' T—sin*20sin’y = ! -—-'é?sin’%.
w from (8.20) and (4.21) we will obtain
i _
y 8, == — 1/8¢%sin 40 (4.92) é
. and E
. ) %1
: -3_21 /2psin 20 }}zo. (4.23) j
X Key: (1). it is jlad. =
ij
- Page 192.
| i
3
At 1ov valuss ¢, the error has octantal character, vrith large # 1
error function is obtained more complex (4.20). If we castrict %
maximua error due to a phase difference by value 0.5°, then is §
permissible a phase difference ¢ on the order of 159. In this case, %
smaxisun ellipticity is obtained equal to 13o0/0. %
, Let us retuc) td> the general case vhen a # 1 and ¢ ¥ 0. Coaplete
: bearing ecror can be presented in the fors

i
1
§
i
¥
1
!
i
4
t;
;
!

A= Ayny — 0= By — ) +(”| —0) = 8, + 4,,
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vhere A, = ¢, - 9 - the error due to the inequality of the asplitudes
of currents in fi2ld coils; B, =a,,,—0, - error dus to the

presence only s5f phase difference ¢.

At the lov valoes of errors 4, and 4,, they can bs» dssigned

independently by formulas (4.19) and (4.22) respectively.

Thus, ve =033 td the conclusion that the bearing error in thg
case vhen currents in the ducts of the framewvork differ in amplitude
and phase and the value of error is small, egual to the suam of
errors, which appear only as a result of the dissimilacity of
currents in asplitude and only dissimilacrity of the phases of
currents. This facilitates the calculation of the ercor ia the

general case.

7
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Pig. 8.15. Maxiasu: errors of goals>netric systen.

L 4

£

Page 1913.

Figures by 8.15 30114 lines gives t> dependence of 1 on ¢ for

the d1iffarent saxiaum arrors of goniometric system (designated above

T T e G e g v ey e
P

the curves). As dotted line is depicted the dependence (7})

NMAaKC

t on ¢.

2. Comaunication/cunnections between field coils 7€ jonicmeter
or betveen framewdrk. Ve assume that in expression (3.88) <£,= Z <.

Then

- | = JeMECh, g[vos B(Z.cos 2 4 li!_"_') ~sinY(Z.sin a4 Zensa))

: T Z,.(l’——Zf)—?Zcu'A‘.l'cosu sino —e?12
? (+4.24)

mem_.. L B e b e e o sl v e an ML Tt Lt e A o 2 Do o e thoas i1 bt G a3 Ll ok
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5 with 4%- real in radio dirsction finder, appears snly the 3
* bearing ecror. The condition of the reading of bearianj will be the %
? equality of zero aumesrator (4.24), i.e., i
l sln i — 5 cos § %
i 23in® — Z.cos9 We=-7 -

&" lg &= ZCO!‘ — Zcsind = Ze . o (4.2‘)) -:"‘
cos 9——~l— sin @ : %
k: Let us find complete expression for the error fuanstisn in the E

. case vhon —l—zf— csal. Prom (84.25) it follows that

o~

L

i.

.

r. lgA::tg(a-—O)_—_

.g Z3inb—Z.cos
. Zcosb—=ZJc.sin@ T g
= Zsinh — 7 cos 8§ )

iy Tt 7eos 8§ —Zosing 80

or
, tg A~ —2 Zsinfcosh— 7, costd —Zsin9cos § - Zoslut§

T TZcos'8 — Z.sif 8dos 0+Zsintt —7 sinUcosh
(1.26)

7
- —Z—‘> cos 20
lgA:

\ .
! +( sanO

Let us designate arror coefficients:

and

_(_%£_>=E A ;_(%): k. T

bt s e Lkt o s e r s Al 30, bt % BRI i bt ik i MR Bkt 0
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Page 194,

For a bearing ercor, we will obtain
tgd ~A =Ecos20-f Ksindb{-... - (4.28)
Th2 values 3f maximum ercor 8,,.c and 0,,.., with which is observed

maxizum ecrot, they are designed from th2 formulas

tg Byane = AME]I(C = — ==,

}

: ! (4.29)
|
J

1 e ! 7.
Orare = 7 are s:n\——z—).

When the -osaunication/connection between the ducts 2f the

framavork is snall, i.e., -%L is small, error has the guadratic

character:
4:=Ecos2i, (+.30)

¥with maxinums at buaee = O, 90, 1&0, 2700,

Lizitiag ecvcorc 30%, it is possible to allow (—ZLD 23uil not more

than 0.01,
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A It should be noted that in multiantanna gomioaetrir cadio
! .
Vi direction finders with the nunber of field coils, larjz >f twd, the ‘
éé presence >f th2 Z>>anmunication/connection between field coils 3
£
;£5 escape/ensues from the construction of goniometer. But thare this 4
é . compunication/zoizection is not led to bearing errors wita
?f ) symametrical anteryia location and the cerrect vinding/coil of
¥ @
. gonionetric coils.
y Ir composite sense 5%- is obtained 21liptical fiall in 3
' goniometer.
. Page 195,
¢
If va desigadte Z=R+4jX, 2=y/REX", Ze=Ro+ X, 2.=V R + X%,
that we will obtain formulas for the oriantation >f ta2 transverse of
magnetic €ield 2.n, and for the relation of the semi-axas >f the
ellipse of the fiall: :
_ 2(RRe + XX ~—sin 20 (22 4 27) |
i tg 22000 == R '
cos 2) (20— 2Y)
_"‘.
2y 2cos 20 (RX. — XR,)

. “(f}y V/ cosi28(:3 =211+ {2 RR +- X N ) —sin2ist oyt
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In conclusid>yr l2t us note that the value of instriment errors
depends on the circuit diagrar of goriom2tric system. During the use
of a goniometric systam, it is possible or to tune both framework {(or
both pairs of ant2nnas) into the adopted wave (Fig. 4.163), or to
apply untuned ant2nnas (Fig. ¢.lov). In the case of taz inclined
system, tac 1l2ast nonidentity of the circuits of two field coils or
their small detuning (what it is virtually difficult to> avoid) cause
change irn valu2 a23d phase of currents in them and tharzoy
considerable erracs at direction finding. From this viswodint, is
more favorahle th2 liayram with the unadjusted framewdrk, sinze in it
small changes of the parameters of circuits are not Zaus2l such the

sharp fluctuations of value and phase of currents.




7'>i T A T AR R R R R e R TE RPEE s L = Pe .
g‘:‘f;
% DOC = 77223210 pAGE 57 243 E
g;: - 3
B
3
Fi | e
g?. .
7 ) .
. L Q ._
- —x '.; ’J_ z :j.-
]
1 | - 3.
o a @ E
. K apusnnyxy -
be) 4
i .
Pig. U4.%6. Circuit diaqgrams of goniometric system: a) wita soiral :
loops; b) with unaljusted frasework. 3
14
Key: (1) . TOo receiver. ‘
Paye 196. D
. Therefore at presant almost exceptionai application/us3 found diagcraa
1

with the unadjust2d framework.

We =zxamin2d the effect of breakdown of conditions (3.&5),

characterizing th2 normal operation of joniometric syst2:m, with the

exception of the effect of the fleld nonuniformity in coniometer it

Is given below in the examinatlion of the errors of goniometer.




; DOC = 77223210 PAGE &~ 354,

¢

: Analysis of the e¢ffect of nonuniformity of the field in the
}. i goniometer is given below during examindtion of efrors of the

i goniometer. S ‘

4

A

-} :

g 0.7.-I1e errors, taused by goniometer.

1

P

! The fundamental reasons for the errors of gonionszter they are:
K 1) the lissimilarity of the magnetic fields of field coils;
%

2) tae coamylrication/connection betveen field coils;

3) tae nonpacpendicularity of field coils;

4) capacitiv2 coupling between field and search c2ils;

5) tae ndnuniformity Oof the field of field coils.

Ir § 4.6 it was establish/installed that with th2 lissimilarity

Q
TR T PRI L T S ORI LUPPIS T "= T Ty VPR Y S i s, kR s ik

of the majnetic fields of field coils on amplitude and on the phase

TR

in gonioweter with two field coils appear the error aal tae

elliptizity of ta2 resulting majgnetic field which are designed from !
formulas (4%.10) and (4.11). }
]
3
3
o=

.-
. -— - e ’ P B v
i o 3 _ . c : _ dne o oy i b S il M i a e ]
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In joniometar with the largye number of field coils, the

dissimilarity of maynetic field of one of the coils zaus2s the sape

errors ani 2llipticirty independent of the number of field coils in

different values,

goniometer. In goniometer with four fiell coils, the a13ja2tic fields
of separate coils can be distinguished between theaselves to

Depending on the distribution of tha2s2

2
dissimilarities, four zero directions of the pairs of coils, shiftei

COl.l Se"

normally one relative to another to 90°, can take any valies. the
approximately the same and in the simplest system with tw) field

permissible dissinilarities of magnetic fields in thzs2 systens

The
coils or

a2ffect >E the communicatior/connection between the field
§ Uobo

the framework in systew with two framework is 2ximined into
Page

197.

antennas),

The 2rror, caused by the nonperpendicularity of tiz field coils
of the yoniometer or two framework (two pairs of the spacad

is approximately rxpressed Ly the formula

L}
A,-7T(|m~um2m.

(+.3D
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vhere § is an anjle ol deflection from perpendicularity.

This formula is not considered mutuul inductance between
framework or ¢oils of goniometer (with their

nonparcpeniicularity)whose effect is oxamined into § %.5.

The errors, caused by capacitive coupling between fi2ld and
gearch coils, iep2nd on frequency. Therefore in direction finder it
is necessary to avoid the appearance of such
communication/coraections. Por a decrease in the capacitiance/capacity
betveen field and search c¢oils in goniomater, is applied t he
electrostatic shi2ld. The application/usa of a screea vacy
substantiilly dacteases alsu tne value of antenna effecst. The
construction of joniometer with the electrostatic shizld is shown in

Pig. 4.17.

It was pravisusly assumed that the field, in whiczh cotates

search coil of goniometer, is evenly.
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Pig. 4.17. Coastriction of goniometer with electrostatic 3hield:
assemhled salector; b) screen and framework of seacch c¢co2il: c)

framevork of fiell coils.

Key: (V). Collectyr/teceptacle.

Page 198.

With the nonunifocmity of the field of field coils, the €sra of
directional charazteristic is not changed, but the oriantation of
search zoil hy which is obtained zerc reception/proceduce, it no

longer corresponds accurately to the angle, composeld by Licoming
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electromagnetic field with plane of one of the framewdck.

Promn the considerations of symmetry, it is clear that in
goniometer with tvo field coils this difference will a5t sanifest
itself, wnen ray/veas falls in plane of one of the framework or at an
angle of 45° to them. The error function of goniometar i3 depicted on
Fiye 4.18. This arror he is called the octant error of

communication/connection.

To dacrease it is poussible by means of the appropriste selection

of geomatriz 3im2asions and forr 5f field and search coils.

The dctant acror will bhe equal to zero with any form of field,
if search coil is carried out in the form of the windinj, avenly
distributad in taa body surface of rotation [1.6]). One Forw of this

vinding is described into § 3.9 [4.6]).

Ths dctant asroc can be esliminated also, if search =54l is
fulfilled of two sectiona, wound at an angla of U599 t> 2a:h other.
Since duriny cotation through 459 octant error revers2s the sign anl
has approximataly the same absolute value, the errors of two parts of
this selector average out.e The virtually curve of tha >>tant arror

not alvays is is complotely synmatrical, and the anyle of shift of

the sections of 3alector 1y necegsary to selact expeciszatally.
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| Figures 4.79. yives the dependence of the error of joniometer on g
[ i
! the angle of bearing in the range of frequencies 30-100 MHz. Each 1
b g
. | field coil of joniometer consists of two turns, wouni at the ;4
i
§| : different angles 9f relatively each other. Errors are jivan f£or the ”_:
‘ : angles betwveen turns 27-90°, desiygnated in figure. ?
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Pig. 4. 18, Octant arcor in goniometer.

Key: (1). Error 1iag.

Page 199,

The arrors >f gJoniometer it can be decreased by the subdivision
of field or search coils on section, moraover turn nuabac in each
section makes differsnt., The distribution of turns on s2>tions is

selected experimantally [U.4). Figures 4. 20 iepicts th2 form of the

subdividcd stator.,

0f goniometsr with four field coils, the octant arcra>z, caused by
the nonuniforaity of the fields of coils, is close to z2ro, since is
obtained not compsnsation. Remanent/residual error has usually

duodecimal character.
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' Pig. 4.19. Ercors 2f joniometer.
Key: (1). Errors ley. (2). True reading, deg.
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of goniomater.
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Page 200.

The errors, connasted with the field nonuniformity in joniometer, are

caused by the facts that in the virtually fulfilled yonismeters the

law of a change of the mutual inductance betveen field anl search
coils of joniometar despending on the angle between coils can differ
from the sinusoidal and be periodic function., Usually w>c2 powerfully

are developed th2 odd hdrmonics of communication/connaction.

During the la2velopment of goniometer (or the matchinj coordinate
transformer) for aultimast radio direction finders wita tae auditory
or automatic r2aiing of bearing it is necessary “o consider that the
harmonics of the communication/connection of the coils >f goniometer
are led t> tne different errors depending on the method 2f the
reading of beacriny, number of antenpas, separation of aat2nnas and
law of coapunication/connection. These questions are investigated in

(4o o

. With use of joniometer in by antenna to system by a small
separirion With an increase in the number of pairs of int2nnas a

incceasing quantity of oda harsonics of communication/czonnection

i

5 4

1
:
%
|
|
;
a
;
i
3
!
;
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ceases to affect the creation of bearing errors. For aat2nnas with
large separation, besides the errors of separation,
examine/considerel into § 4.9, and the errors of gonis>satar, appear
the supplenmentary errors and diffuseness in the reading >f the
minimunm for audition (or the ellipticity of the imaga >f bearing in
the two-channel radio direction finder), that depeﬁd bn the combined

effect of the harmonics of communication/connection, s2paration of

antennas and their numbere.

4.B. Instrument ertrors of system with the spaced antennzs,

To systea with the spaced antennas are characteristic the
instrument errors, exanmined earlier. Diract reception/pcozedure,
reradiation of r2ceiver, and also the mechanmical failutzs
(slope/inclination of the axis of rotary system, ecc2etrizity of the
scale of rotary system and goniometer, incocrrect engraviny anid
inaccuyrat2 installation of the scale of the reading of bearing, etc.)
they are developel in this system, just 3s in system wita the

revolving framewdrk (see § U.U).

Depending oa that, as is utilized this system (i1 ta2 fornm of

the rotary pair >f the spaced antennas or with goniometer), antenna

i
‘§
4
i
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i
:
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|
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. effect nas differant character (sce §§ 4.2 and 4.5). During the use

of this systea with joniometer, can appear the errors, characteristic

Py N TR AT

to any goniometric system (sce £§ 4.6 anl 4.7).

Besiles theses the system with the spaced antennas prssesses E"

AR

still othar spa2cific sources of errorse.

i~\ n_ﬁ‘_:
o]

Page 201,

PR

Important valua2 has the error, which appears as a result 5f the largs

distance betveen the vertical wir2 antennas in motionla2ss external

system. Howavaer, for the purpose of an increase in the sensitivity,

) they frequently increase the separation of antennas 1al taecesby they

allovw/assume this error (see § 4.9).

Let us examiie the rotating couple of the spacel iat2nnas A and

B, which are locatet at a distance [/, and /, from the teceptor,

arrange/lsccated at point 0. (Fig. 421).

I "~ Assume that a pair of antennas is 1nfluenced by a vertically ff

polarized fleld. As the beginning for the counting off of phases
we select the phase of the field at point O. Let us designate the
phase of field at point A by

. 2r
“)/I g X 1r5C05 0’

the phase of field at point B by

n
'l'“ -= = [I 3 COS 0.
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where 8 13 an angle between the dlrection of the orilented radio
statlon and the plane of the pair of antennas,

The same phases ¢, and W, will have emf £, and £, in

antennas A and B.

Let the 3ffa-tive height of antenna A be equal to /,, antenna B /i,

Then ‘ o
E,=Ehe A.

E = Ehe ™" (4.32)

Currents /, and /s will be out of phase of relatively zorresponding

enf.
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Pig. 4.21. Asymm2tric lccation of spaced antennas.

X
R
iy 0 3
. Page 202.
y :
: Phase displaceaeat of currents, if we examine currents of field coil, 3
i.e., of point 0, will consist of two terms: g
¢ :
- phase displacement because of the phase anyle of
resistor/resistances Z, and 2y the value of this phase displacement
by designation v, and v, respectively:
Z'l_:z"c-lv l' Z“::IUC—I'H; (“‘5“,
- phase displacement 1 awd ys because of propajation time of 2
current along th2 feerdor, whicn connects antennas with th2 receiver: i

. mwoe m - . :
?A-'—— . _Af, l/'ll'l'l' ?U . — S /l' lq.,, (4&4) E-

wherz e, gy, lgy are dielectric constants and the lengt: of

feeders.,




e e e > s s e e o R T T+ L S i T TR P e S A S TRl B

i

DOoC = 77223210 PAGE 2% 2,

Curren*s are exprassed:

| = 1'.‘,,‘ i¢,1__‘3_"1_ c’("'-"'"'"+"‘)~/ 194 ]
AL, Tz, T ! .
} {4.35)

j == Eu na_ Ehy i@g+ig+vp) L
8 —'z—‘ e =——z—'~ ¢ . =1y [ N
4 B

vher~ am o a—
PN, — .’)‘. (e, Ly <k Ly cos ),

P V= S (Vs == Iy cosh). {4.36)

Spill curreit, which causes reception/procedure, is 2xpressed as

follows: . . _ .
lo==(l,cos9, —1,c0os%,)+j(/,sing,—1I sing,), (437)

vhere the amplitule of the current

/-=V/f|+/7;‘ ‘”Alucos(?n—?,:;'

Let us examina s2veral special cases,

1. Yneguality ot distances of antennas from rrceiver. In this

case
I"l#lrn' 101#‘“:0-

but the olectrical synretry of two anteanas is rataiaad, iose.,
‘A-::Z”-:-: Z, \‘.1.—= V”-::\', /[1:/[“..—;/[,
7he 1ifferencze current fror (4.37) will bpe

L/ i .
/4= __zl [(cos, — cosp,)-i- j{sing - =it g,)]
or

g i
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_ Ci . fu 1 94 ) . ( \ R )
/,=—2 - {sm (—— 7 sifl 5 -

- jsin ( ?";?" ) cos ( ta -: T4 )} (4.38)

Page 203.

The amplitude of -urcent is expressed:

Ch . [ Pa— 1%,
[org‘z—sln\"—é .

(4.38")

Let us suostitut2 values ¢, and ¢, by formsla (4.33) into formula

(4.38%): Bh o . - - _
I,=2 ==sin 5 {18, Uy, — V0l = (Lo = Ley)e0s U).

{(1.39)

Currant is =2qual to z2ro, when aryument with sine is equal to zero,

ioce., when Veley—=Vaile

cosh=
Irl+ ll.

Sinz2 rignht sid» is not equal to zero, are tvo solutions: @ anj
180° - 9 which ar2 distinguished to the angle, not egquir to 1809;

here occurs the fracture of the axis of bearing.

Tlus, we se2 that the asyammatric antenna location ra2lative to

receiver leads td> the fracture of the axis of beariny anl is
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developed ur analvgous vith the phase component antenna 2affect (§
Ua2). The value of fracture is determined by the relativa

displacem2.t of arteunnas from symmetrical location.

Let us datz2rpine the permissible amount ot the displacement of
antennas from th2 center, accepting the standard deviatis>y of bearing

from the true of J.25-0.59,

Let us assun2 ¥ = 05 ¢ Ae In the absenca of error, tae current

is tuvned into zero, when 64 = 900, Error 4 = 8 - 90° is jetermined

from
_ -
sindx A= Kﬁ‘,‘j—_‘%i’—“-zo.om +001.
Let
¢ o= ey =1, Ly~ Lyym= Aly == [y — L= Ay Iy + [ry=20.
Page 204,

In tais casa must be fulfilled the condition

bla__ bl

—sz = - 0,000 - O|0l [

ioe. the zentral Llocation of receiver must ove paintain2l ¢ith

accuracy J.5-1o/0.

2. Asymmetry of antennas on phase anjle. We sPt/23site:
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k
Vo= VoY
Idllf [{,:—;l(‘,; 5.—.:!,-::’2' Irl‘—.’[“':[)'
V.’, l-]-,=‘,;:[4.,=l/‘_[q,.
Ch
lz\’—:lll—:l:?’

9, =V, — S (VT Ly beos ),

b 9”-_—_vn--g;— { ’:I,‘,—-—l)cusf)).
After substituting values ¢, and ¢, in (4.38'), w2 will obtain é
o B 2" i
1,=2 L sin (T beos § — —2) (4.40) 3
i
A3 in th2 pracedinyg case, here is obtained the fracture of the %
. axis of bearing. Error in the determination of beariaj is daterained g
by the formula . A 3
sindx 4= -2, 1

4ndh

With 2b/h = ).2, limiting error by value A = 0.289, we will %
obtain that a lifference in the phase angles impedances >f both 3
3
antennas must not excecd value ]
u ve 2 Gn A ~—2¢.0,2.0,005 == 2 y\ v 0,36° 1
< ! el s B t)—f'l"ﬁ()h , HJIH o Y, . -
Key: (1). or. P
3
3
]
From this eximple it is evident that the syametry of. antennas :

pust he fulfilled with very high accuracya
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Page 205.

Pigures 4%.21 anl formula (4.37) for spill current shows that in

i aratli b b i s it

the examined cases the different component of spill cucrc2at I, is

approximately 2quial to zero and reception/procedure is deterainel

3
1

that mainly, by the nonphase component vhose amplitude vialue is

i
3 expressed by foraula (4.39) or (4.40), moreover occurs thd fracture %
4 of the axis of b2arings. :
1 z
F Lo i i s 1
. For thes limitation of the {racture of axis, it is nec-essary that 3
E - 1
G . . . . A
- vith possible asyametry of antennas in rasistor/resistanca a chanje i
| =

: b in the angyle v in the phase response of the resistor/rzsistance of 5
2 : k.
: antenna feeder system would be little. i
: 3
i It is known that especially strongly changes th2 phase response %
3 3
; of any circuit at freguencies, close to resonance. It i3 necessary so 5
E to select the parimeters of the antenna feader systea >f the pair of §
% . antennpas so that the frequencies of resonance for the nonphase %
: n >
: couponent of current would be located outside working frajuency band, i
P 2
f This requirement ig placed during tne design 9f aat2ina systems é
b :
3 vith the spaced aitennas. %
[

y
1

T ETIIE| v Iy, TR T
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3. Inequality of amplitudecs of currants in anteanras, We assume

that

l,=1--Al; l,=1--81, 3
(1.41) :

>

lpy = lrz = o V;n 1-|'| - ]/::,'l‘l' V=V, = Ve J

! inler these =nnditions
. anb
Er: ' Po— Pa=-y-c0s U
oo .
3 (A
E; L After substitutiaj values (4,41) into formula (4.37) €or spill
E
R current I,, ve will obtain:
. ly=-2 [/(sin a2t .: T4 sin -?—[1—;—5-’-‘—) 4-
" /oty =4\ ¥
- b BT\ cos =g s Rt 4
, _ ;
+/2{/\C0 .'fi'.';f_‘ 1 ?l' 2.1‘.).—
; ) 6 - Al(sin Yu 5 Y1 cos '";?'L> }
Por the amplituda of spill current, we have 3
ty=21/ Psint YA L a1y cos Y0 AL ]
[ v 2 2 N
Page 206.
3
; Considering that
- 2nb
S -ﬂ'—,fv-»‘— ="} cosh
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- low value, it i3 possible to assume: k.
Yu—9%4 __ Yp— %A __ 2nh
Sify =5, 0 = o~ = o ens ),
Cuﬂip— 7____:]' - - : -3
Inb s k-
ly=2 ‘/ (/5% cos o) - (81). (4.42)

As cain be sez2n from last/latter expression, the inejuality of
the amplitudes of currents in antennas on its action i3 analojous
vith the antenna 2ffect, which has phase displacement )9, and it f'
leads to tha faraation/education of the diffuse minimums # ithout a

change in their direction.

For the limitation of value 8I, it is expedient to s2]lact the
parameters of th2 antenna feeder system of the pair of antennas so
that the frequencies of resonance for ths phase coapia2at of current
would not be located in operating range. If for the picpose of
sensitizatinn in the long-vave part of th2 range it is 123cessary to
disrupt this conlition and to allow/assure resonance in osperating
range, then it is necessary to take measures for that, in order to at
the resonaice frejuency when reactance is egual to zers, would remain
sufficiently high effective resistance. Por this, for exaaple,

conhect of antenals supplementary effective resistanca. Tien the

possible lissiazilarities of antenna resistances dn not :-iuse the high
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values AI and lacje antenna effects (or errors) at direction finding.

b The lissisilarity of radiation currents can occur also due to

4 :
Y the dxssxmxlarxty of the effectlve height of antennas, ﬂxssinllarity =
L = -
s : of the load impedances or parameters of feeders.

3

% - W2 a2xamined 2ff2ct A7 with the pair of rotary antennas; this E

effect i by 3onidmetric antenna to system is examined into § 4.5.

Page 207.

4.9. Error of the separation of gyoniometric system friys 1 of the

spaced antennas,

In 3 was 2xanined the reception/procedure to th2 joniometric
system, consisting of any number n of the spaced antennas. Is

obtained formula (3.63') for the calculation of voltaja/stress,

induced in search coil of goniometer £,. Current in s2a:z2a coil/n_nﬁl,

vhere Z, are re2sistor/resistances of the circuit of searzh coil.

By formula (3.63*) for a current in search coil it is possible

to write:
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o« L]
. E—{[.\: Apneysin(&n 4-1) 41— }_: A,,,._,sin(km—l)b}ws 32—
k=0 =1

k=0 =

2 2 ]
"l:}. Aune Co8 (k4 1)0 - \._ Apn_ cos(kn—1) OJsina} . i
k=1 -

(1.43)

swhere
Aungy =2,-:.-.=-j,,,,,,<3:i cas ﬂ\.
J

Let us present /, in the fornm 1

ly=Mgcosa— Mgsina,
vwhere

My=Asind — A, sin(n—1;0-+A,,,sin(n4-1)0 —
— A Sin(2e =104 ., sin(2e-+1)0+. ..,

Mi=A,cos04+ A, ,cos(n—1)0+A,,,cos{n-1)0+

4 Ay c0s (2 =N 04 Aypecos@u+1)04-... (b4

FCOTNOTE ', This same to dependence is sabordinated th2 c2sulting
magnetic fieldl in joniometer, and also image on the cathole-ray tube

of two-channel ralio range finder (see Chapter 8) . BENDPIOIPNOTE.
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Page 208.

When ratio 2wb/x << %, then in each of the expansions ¥, and M,

it is possible t> ba restricted by one member. In this case

bl
ly=1, (ﬁ':i cos 1) (sinficosa —cosfsina) =

=, (-"1;-’1 cos a)sa (-~ al (445

R I

currant /4=0, i.e. with auditory method is countel off

bearing, #hen 6 = a«. Thus, is satisfied the condition >f the

AR A B SR 2kt -t s o Bl ) DR L R 4 L hisdn
. - nlw sy o o (P
Pt ]

E‘ error~free operation of the goniometric systee of radio Jirection
;lf finder.

E{f With an incr2ase in the separation, equality (4.45) is

% » disrupted. Appear the bearing error (the so-called "arcr>c of

é separation") and the diffuseness of reading (elliptical rasulting
E magnetic field in gcniometer).

; ]

E ' Por the calcilation of the error of separation A a1ail of the
; ellipticity of fiz2ld A/B, let us turn to formula (III.12) and let us
E raplace in it M, and ¥, with expressions (4.44):

%,
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)1‘ E o /A AN Ay cnsrﬁ — M, sind
r B AT )T T Aces v Alysing
s . =(_— AuwarF Aps ISl 4 (= Aguet + Agupa) sin 209 4 P
8 Avd (acy -+ dapdeos i 4 (Agn v+ Agasrlcos 208 L, -
i E
,3} 7 Assuming _ _ : o : .
;u : ""|>z:‘:“n-n'*'Anni)’|t"M-|+Annni---v Q‘-
X . we obtain, that -
fa i Ay AnitAuaio0 k-
" tg\A e ) =—"= sinn
—ZAne I“-‘_A"t' sinnb Ao I——-—-—A"“ cos 1l
+——A%'—l’usin 2nd-4-...
)
or AN Aupr — Au oy . "ll—l—/‘3$l '
g (A + BIE UL sin nf -|- Y T '
+._________’1"'+ ‘: arn '.L) sin2n0-4-. .. {4.46)
1
. Page 209.
Let us examlie two individual cases: the nuamber 5f aatennas n
even and the numbar of antennas n odda.
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5.
>0

1. Number of antennas and cven. In this case the rijat side of

i
]
¥

P

id

axpression (4.46) is purely real; therefore A/B = 0; i.e. the 3

g& ellipticity of fi2ld is absent. o
g Replaciny A, A.,, and A, ... - by their expressions with Bessel —'j
iz ¥ 3
o functions (3.51), we obtain
‘ o
f A :
iy :
f‘! =~ =
il (—-Dn* [ln+-(gxgc095)-+ln-,(2%Zco53)}
v tgd= 7 9%p sinnh+
: “ 7, \T cos 8 )
=h 2 f ! dnb \ 12
) . I [In-.(—;\-‘ms})j —il..,.(*—;\"'cosﬁ)l :
. R { / a6 F] T
¢ l 21 7, —A—cosﬂ>l
. L\ J
y 2ab 72%b
. I, ,,(—;—cosﬁ\;-f-l, -,\ )\—-cus,i)}
+ /_,{;_ L sin 200 4. .. 3
7, \.—A—- COS} ) -;
(h.47) 3
. Approximately
(— l)T {/..1.. (g-i‘—ht‘us ﬁ) + /.- (?—“'Ifcn! J)}
igdh x 7m0 sinnh,
L h s ,9)
{4.18)

It is krown that

Jn-](“)'*"lnu(“):: ?2‘/11 (a)
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Utilizing this ejsality, we obtain from (4.48):

n

(=0t 1. (g;_o cos p)

2ab b
-;-cospl,(g;-cos})

g4 ~ sina b (4.49)

f
E
g'.
!E.
-
¥
b

: . Page 210.

» G

\‘.

¥

Thus, we se> that wvwith even number of antennas, 1f is not
. satisfied for thz separation of antennas condition 2¢b/N << 1, occurs
i the bearing error, «hich is expressed by formula (4.45). The law
X
governing the errcaor of the separation of the antennas »>f lual order
. relative to th2 namber of antennas, i.e., at by the four-antenna of

4 system, these ara2 the octant error, at by tne six-antenni of system -
§ the error of 12-fo5l1d order, etc,
P
? During parallel connection of the pairs of adjacant antennas,
¥ . . .
g vhich are located at an angle 2y, from formula (4.48) w2 ¢ill obtain
¢
v ]
. ?
E
]
¢

F




TR ST

=

TV YRR OREHTI TP RGOSR RTINS (Y L TRRCRTIeei g

o=

poCc = 77223210 PAGE ot~ 3?0

P

(— i)‘l []n (?;{,cus 3) cos (f—‘;-—l)'{ﬁ-
e 1

“

lgA——:

7, (E:Abcos 8>>\

. 12y . X " \
+7, “\T cos ,3)ws(\-2 -+ 1}1]

X ToeT ﬁn%o. (4.50)

Expr2ssioal (4.50) is obtained yunder the assumption that
impedances of all antennas are id2ntical. In reality, wita asymmetcic
antenna location their impedances become different. Th» procedure of
calculation of th2 error of separation taking Into account mutual

impedances with aly antenna lLocation is jiven in [4.9].

Forrula (4.%3) for the 1low vaiiues of the separatizn 52f the

(/:-'t
antennas when 2¢b/A cos 3 < 14 jpmgzyﬁﬁ, assumes tha fors
72nb TR '
\—k‘ cos 3
g8~ g Sin 0. (4.51)

from formula (4.51) follows that tor by the four-anteanna of

system, i,e., wh2n n = 4, and wvwith 2#b/x cos 8 < 1

g 8= \“xf cos B )' sin 48, (4.52)
Page 211,

The efror of tie separationh at by the foudr-antenna of system has

b ditisnindbbliot . Mumm_«mmm
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octant lav from 3 and is designed from formula (4.52).

Figures 4.22 depicts the errois of separation depeniing on S =
2rb/\ for the different number n(fp = 0), Constructed accazding to

formula (4.49).

On tae axis >f abscissas bhesides scale 5, is plott2i/applied

another scale 2h/a,

Curves in Pigy, U4.22 show that the errors rapidly 12-rease with
an increase in th2 number of antennas and with respect rapidly
increases the peramissible separation for the assigned naximum ercor

of separation.

For the sepactatiosn, close to 2b = 1,22\, when J; (2wd/A\) = 0 ani
effectiveness >f systam equal to zero, errors strohgly grow/s/riss, hut
they rapidly fall with a decrease in the separation (2b ¢ 1.22)). For

separation 2b = 1.8a/r = 0.573%, the values for J, (2¢eb/\) and the

effectiveness of systeu reach maximuw values,
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Pige 4.22. Errors of separation with different number of i1ntennas.

b

Page 1.2,

Figures 4.23 shows close to the maximum of the 2ccor for 4 =
22930 for 8-antenna system with parallel connection >f the ad jacent
pairs of antennas (y = 22°930°'; 27030'; 30°) in the cis2 wien, the
Tesistor/cesistances of all antennas are considera2d ilantical, and
when y = 27°15¢ f>r one special case ot antenna location, when is

considered the dissimilarity of these resistor/resistanc2s [4.9].
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Here for a1 comparison are given errors for by the four-antenna of
system. From Fij. 4.23 it follows that if vwe do not consiler the
dissimilarity of complete antenna resistinces, then b2tw22n the pairs
of the parallel-csnnected antenras optimum angle will b= y = 27930°. 3
when the resistoar/resistance of all antennas it is not possible to ff:
consider identical, the best angle betwezan the paralla2l-->nnected
antennas lepenis on size/dimensions by the antenna of system and
parameters of sinjle antennas. Optimum angle y can diffa2c from 27930°

- it must bhe establish/installed as a result of calculitions [4.9 ).

To apply it is mdore than 8 antepnas virtually inaxp21i2ntly,
since, limiting 2aximan error by valuye 2°, with 8 antennas it is
possible to alloav separation 2bt = 1.05x, close to maximunm

permissible,

All th2 curvas 2f Fige. 4.22 and 4.23 are designed for the grouni

wave when 2 = 0. J)f sys*em without parallel connpectisn 2f antennas

with an increase in the angle B, the error of separation falls, sinca

in ¢thigs cise s2eningly decteased egquivalent separation.
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- Pig. ¢.23. Errors of separation of B-mast system during parallel ]
; 3
connection of adjacent antennas. !
3
. . . . %
Key: {1). Taking into account resistor/resistance.

-
ot bl Gt ik

Page 213.

In

4}

ystems with the parallel-connected paics of ant2anmas, the
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error of separation not always does fall with an incceas2 in the
angle of incidenca. It can have a maximua with B # 0, aad with
certain p3 change siyn. This is explained to the facts thit in such
systems by sela2ction y 1s realized error compensation >f separation

on.y for the angl? of the slope of a front of wave g8 = 2J.

Table 4.7 gives the permissible separations of ant2ni1as at the
different valuas >f maximum errors for the different numher of
anteianas n., For B8-antenna System with th2 parallel-conaacted
antennas, it is taken into account, that at some anglas of incidence
the error can change its siqgn, and therefore the peraissidle
separation for tnase systems is desigred on the basis o9f the maximun
spread/scopre of error. Antenna resistancas are assuma2d t> he

identical.

Frorm all that has been previously stated, it follows that with
an increase in the number of antennas with just one seosarcition of

antennas the 2rrac of separation falls. If we restrict ercor by the

Lt niidiih e ot camnbe: L

determinel value, then the pernissible saparation incg2asas with an

increase in the number of antennas.

Tahl2 4.1 yives the ratio of maximum separation of 3ystam with n

antennas to the miximum separation at hy the four-ant2nai »f systenm,
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gf Separation 2b = 1,22x, with which the error of separation A
é§| : independeat of the number of antennas approaches very licrje value and
kS effectiveness is 2qual 0 zero, is maximum. With 2b > 1.22) the error
-; ; chanyes sign and it decreases.
%
e The ratio of the maximum separation of antennas for n-antenna
St
§ g system to the maximun sspavration of antennas at by the fair-antenns
j ) of system falls with an increase in the pernissible ercor of
: separation.
X
Duriag the use 2f parallel connection of adjacent antennas for
8-antanna systa2m, the smallest crvor of separation is obtained, when
i the anale betweear the parallel-connected adjacent antennas y = 27.%5°,
Y if we 20 not consider the dissimilarity of antenna resistances; i1f w2
consider this d1issimilarity, then +.. depends on the parameters of
concrete/specific/actual system.
2. Faumber of antennas n {odd. With the odd nuab2r >f antennas,
5 the rignt side of expression (4.4%) has real and imaginacy parts. The

first d2ta2rminas arcor, the second - diftuseness of beariag is equal

to the ratio of tae axes of the ellipse of the field >f gdo>niometer.
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Page 214,

Table 4.1, Characteristics of goniometric type multimast antenna

S’StOIS-
B T S A - A
< JR ) | .. OTHGweME MARCUMIINHO J0MyCTHMOTE pad- | | ¢
) : M
! Yucao no- | Noaomuna ! HOCA K AMfHe BOAMW S.- NDH  MIKCuMianiof OTHOWENNE MAKSHNIIRHN X PAIMOCOR v 1
YHUcI0 | 1B K- yraa !Ho\u\;) X CHOTENM M v 4~ TBIDCY s T edHnd Oy [o Ml
ANTCHIt T TYUIEK ro- MeATY ;)ur'.u-! Qe TN AN ENLIRNO PN I ae OLIN- apa A\l:n« TR St
n HItOMET D] napoq ka | Sow. cpa’)
hi anreiln 7 e
e e e e e e el L
I R T ’ _ff’/“l_"_ |__~’ e 0.5 i P 2 10
| | , | | |
4 2 0 ; 14,22 i 0.18 0,2 0,28 | 0.57 R N l 1,0 1.0
| | i
6 3 0 |4J’ 0.6 | 0,66 0.75 1.0 4,0 33 1 27 1,76
8 4 0 t422] 097 | 1.0 105 | o1as e 13 3.75 105
\ i
' l -
10 5 0 4,22 1,16 | 1,2 1,21 1,22 7.8 6 4.3 2,14
8 2 22.5 4,23 0,43 1.54
8 2 27,3 4,23 1,04 1,14 3.73 2
|
8 2 28.5 1 4,23 0,9 | 3,23
H |
8 2 30 4,23 6.75 | ' 2,63

Koy: (v). Numbsr 2>f antennas n. (2). Number of field coils of
goniometer N. (3). One-half angle between the pair of antamnas y9,
(4). Number of fijure. (S5). /K«fic of the maximuam parmissible

separaticn to vavalength 2b/A with mazximum error or the mwaxiaus
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spread/scope of arrors, deg. (6). Relatisn of maxisua gseparations of

n of system and at by the four-antenna of systes when /]

MaKe ? deg.

Page 215,

BError AP vith the odd number of antennas is small and is

expressed (4.46)

A= . —. ‘ »
lgd = (—L;-‘f'i'--f-@—/—’—"—u) sin 200 (43
ey 1

or

2rd 2¢b ]
18 dyane =~ Ammc~ ( P '2] [ ““ .-;— = ’)l_

BT )]

The liffuseiess of bearing, characterized by the ratio of the

axes of the ellipse of field in goniometer, is designed with B = 0 by

the forasula

b
| 1 | anda 2:)
RN Hngn I : {
g =D i sinnl= -~ TaRh\ smnf. (4.53)
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The lominant role with the odd number of antennas plays the

diffuseness of bearing. It is determined from the saae formulas, as

the error in the -ase even nuaber of antennas (4.89) and (4.55).
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Pig. 8.28, Antsnax systes with the odd number of antennas. Dependence

Dunc OB S = 2ub/A.

Page 216.

On Plg. 4.24, is depicted the dependence D, .« on separation
vith the 1iffereat (by odd number) nuamber of antennas. Along the axis

of absciszsas, is Jdeposit/postponed by S = 2vb/r, and als> the ratio
2b/x.

The odd number of antennas is not virtually applia3 aainly due
to the appearanca of antenna effects of system, The in principle

sinimum number of antennas of goniometric radio direction finder is

equal to three.

. \ i . 9 . -
, b i L Ly i , b }
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4,10. Mounting errors of the goniometric systeam of the spaced

antennas.

Brror in osrientation of antennas.

Oon Pig. 4.25, is represented the arrangeaent/perautation of
antennas by a four-antenna of systeam. Direction in one 5f the
antennas (the fic3t) is displaced in the angle § of relatively

initial reference line 00,.

Of oaf, imduzed in antonnas with tha vertical elaztric field B
of the elsctroasajaetic wave, vhich comes in froa azimuth 3 vith the
angle of ~he slops of a front of vave 8, they will be

Zai
15 cos (8—=%)cos 3 Ll ainfeus)

£, ==Ehc * . Ey=—Ehe :

_2ah _dnh
J —casfcim) — 5 sinfeos 3

ﬁ‘.:E/le_ A a.nJE.:E/le '

vhere h is the effective height of antenna taking int> ac>ount the

angle of the slopa of a front of wvave §f.

YT
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Pig. 4.25. Incorrect orlentation of anteana.

Page 217.

At the lov value 6§ of eef in the first antenna, it will be

(2w Juhd
,l_i'_’ ros §coe 3. et

E, = Lhiv

ain g cne )]

i.e. it has supplamentary phase displacement ¢ = 2ebS/\ s3in 6 x cos
B, moreover in visw >f spallness 6 cos ¢ ~ 1 and sin ¢ = 8 = 2%b6/)
sin 6 cos B. Eaf In the pairs of antennas 2-4 and 1-3 in the case

vhen 2ub/\ << 1, will be

E:. == ]E, - E,: j2th EFC()S'asm b

E,= EI — £, :i(Eln 4 L"),

vhere
- r2m
E ,,‘-‘—QE/l(g—;:COSOCOSﬁ—r’ Z)r—
. 2nb 3
== JEh = (€05 B - it cosy

et b frtmr ot em ot e, - m . st e 3 A i o - 2R e i st A0 B e bAoA e et il ok ot

[P PTIUGT VIT § PRSPV IO o0

hmmj‘u&.‘.u'm. ettt tian e s
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and

E,, = $ sin §cos BE',,.

In system appear the error and the 1iffuseness o2f b2aring. For

small angles 5, the ercror is caused by value E';,, diffusaness - by

value E" ,3. The calculated bearing a is deterained by th2 equality

E slr_1__8

tiga= E:,' = (+.56)
cnse+-;z-sln0
Bearing error is lesigned froam the forsula
3
. 0} (1 — cos 26)
lgldi=tgja— = —sp—1u. (4.57)
l+>4-sln29

After equating zero derivative of expression (4.57) in terms of

9, let us find azisuth Ouanc, vhen occurs maximua error

Branc:

! .
Ouane == 0074 5 AMCSIN - = 600

and

Anu«c = '3
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Page 218.

The diffuseness >f the minimum is characterized by the formula

A nbd [:4
5 =" sinfcosB. (4.58)

Naxiaum value ( ) ﬂfcmp is obtained at 0 = 909, Proa formulas
Mae

(4.57) anl (4.58) followvs that if ve restrict error

Bync by
value 19, then are the permissible value of the angl2 >f 3hift of
atenna 8 £ 19, also, in this case (f}) ;'}.

MAaKC

Dissimilarity of the lLevel of antenna mounting.

Let tha first antenna be elevated on Ah above th2 ra:maining.
Other errors in iastallation there are no antennas. 13 oriented

electrosagnetic fleld, normally polarized.

Enf of th2 £irst antenna has supplementary phase displacement #»,

caused by the facts that it is elevatead:

= — Z’j}éﬁ cosdsin g,
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then 4
Since 2wah/\ <( 1,48in ¢/2 = ¢/2 = v8h/\ cos @ sin B and zos #/2 = 1, '

Eaf in the pairs of antennas 1-3 anl 2-4 wvwill ba -

Ey=j(E'w+iE") Es=2En%C sinbcosp,

E
aoreover
E'“=2Ehg;-bcosf)cosﬁ(l-%}lgﬁ) :
and
E"y = ’L‘ii cosfsin3L',,.
Page 219.

Ths angle of bearing a« is determined by the equality

., in# Al -
lga=gt= thd z(]-ll—-i%tgﬁ)lgo. (4.59)
cosO(l — 55 % B)

Bearing ercoc on the basis (4.19) can be designed by the formula

aAh

3/ . .
A-E-“%' tgﬁsm 26 and Amu(c:'u,‘ tgﬁ' (460)

Diffuseness of the bearing

(%),m"f"—ii sin 3. (4.61)
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‘ 9

If the sepacation of antennas 2b = 10 a, 4ah = 20 ca, B = 4S9,

then

Buano = 9.2 =~ 0,6°

When A = 30 a (-g) ~s 0,015.
‘/ MANC

Dissimilarity >f 3 radius of the arrangement/peranutation of antennas,

Por the pair of antennas, this case is examined intd> § 4.8. It
howled shown, that vith a difference in the distances of antennas of

center Ab appears the phase antenna effect a = ab/b.

The phase antenna effect, vhich appears of the pair >f antennas,
is brought in joniometric syetem to the bearing error vhd>se maxinum

value is calculated by formula (4.47):

a

An.‘um == 71—'7‘;;

So that the arror will be not more than 0.59, distanzes of

center must be maintained with accuracy ab/b < 0.008.
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Page 220.

Slopa/inclination of one of the antennas.

The first antenna has slope angle toward vertical line

Slope/incliaation can have any orieamtation relativa to the plane
of the pair of antenaas 1-3, Let us exasine tvo lisiting cases:
slope/inclination in the plane of the pair of antennas 1-3 and
slope/inclination in the plane, perpendicular to the plans of the

pair of antennas 1-13.

Let us dotecaine ercor for the first case. Is orizated field
vith streagth B 11d the angle of polarization y. Slopc of a froant of
vave B. The effective height of the first antenna for th: reception

of the vertiral fleld
Ny-=lcosf

and for the reception of the horizontal field, perpenijizular to the

plane of propagation, 4

he=hsiny.
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The amplitude of aef in a pair of antennas 1-3 will be:

from the vertical field
E, = ——"';"E cos* gcosycos®,

froms the horizontal field

E",,=Ehasinnsinysini.

We assyme that eaf B',, and B" ,, coincide in phase, Then the

asplitude of complete eaf im a pair 1-3 ve obtain as suas E¢,, and "

133
Ly=E,+4-L", = 4-"’;"1—[3 cos’Beosy X
x coso+:%%m-sin0 .
- cos'f
The amplituls of eaf in a pair of antennas 2-4 vill be
Ey = "L[;/'—E cos’Bcos ysinh,
Page 221.

The reading >f bearing a on radio direction finder is deteraminel

by the expression

Ew_. __8ind __
Ly~ cosd 4 asinb !

tg =

o o b AR 6. o, Sl v itk kit bl Al

s e el ki s 2 0 il o Bt bR s o A 00 xR 1ee

FOR
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where
__siny1g
= G
) ros*}

Bearing error will be

"
5 (1 — cos 28}

igd=A=tga—-0)= {4.02)

|+%sln20

The maxiaum valoe of the error vhem 6 = 909 is sgqual to

Auanc':a::lT‘;,r‘-lg-{- (4.63)
- cos?

Let +=5° y = 459, B = 459, bs/x = 0.1, then

0,087-1 _ — RO
ANIV.C"_: 1,26-0,5 -—0'138 = 8°

In the cace >f the slopes/inclination of the first antenna in the
plane, perpendicular to the plane of the pair of antensas 1-3, the

condition for the reading of bearing will be

sin@

o=t

(4.64)

and bearing error A, =

a
2

B
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In ot her cases the saxiamum error is located from A/2 to 2.

We azsumel that the phases of emf from horizontal a1l vertical
fields coincide. In reality betwveen them, there can be a phase

difference. Then Brror decreases, appears the diffugensss of the

einisua.
Page 222.

Examined will be requirements for installation the four-antenna
of goniometri: systes. The cooclusions about the permissible

inaccuracies in the msounting of antennas approximately ac2 retained

for the case of aultimast radio direction fixder.

g, 11, Symmetrization 5f diagraa vith the connection of antennas by

coaxial cable,

In radio 1icraction finder with motionless antenna by systeas are

applied several antennhas - the vertical vibrators or ths Erameworke.

The connection of the symmetrical directional antenis to the

asyssetriz input 5f radio direction finder, and also the connection
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% of separate symmstrical vibrators to common asymmetric diigraas is

g convenient to realize by single-cable coaxial cable. S> that in this .
; case is not disrupted the symmetry of the diagras of the lirectional i
.} antenna of vibrators (did not appear the sinjle-cycls cuctrcent), are :
? applied conversioa transforamers (on long, average and short wvaves) i
é and the balancinjy cell/elements (in the VHP range). Sesiies the g
; : transforaers of the described systeas into §u.3 it is pi33ible %
: application/usa and other constructions (4.5, 4.10]. ;
) Ther? is spacial interest in the transformer vhose ¢indings are

% coiled around fercite tori. The communication/connectian between :

vindings is obtaiied because of currents (field) in the shielling
jacket. These transfor@ers with coupling coefficient, cldse to 1, ;
provides the largs sysmetry of connected to winding symssztric loading

(4.5
The simplast systems of balancers are depicted on FPij. Uu.26.

In 1iagras with U-bend (Pig. U4.26a) to the end/leads of balancel
netvork are coanected the end/leads of the supplementaty cable, vhicn
foras U-bend. The vein/strand of 1 coaxial cable of fead is connectel
to one eni/lead >f the load, the sheathing of 2 cables is conmected
vith the sheathiasj of U-bend and it is grounded. Because of the fact

that the leagth >f U-bend is selected as being equal to A/2, the

Cvwe e

f
b3
!
o
|
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Yo >

phases of strasses on the end/lealds of balanced network 1liffer on

180° anl singlaes-2fcle current is absent. If resistance of balanced

netvork are desijiated 2z, then for the agreoment of lnads the wvave
2u

impedance of coaxial cable must be equally to o

Page 223,

In the construction, depicted on Pig. 4.26b, the vein/strand of
coaxial cable 1 11d sheathing 2 are connected to the end/l eads of
syasetric loading. To sheathing is placel vith small jap setallic

sheathing from ansther side (a-a). Beaker forms vwi

beaker (3-3) by length A\/4, opened from load and lderei to cable
x:ola sheathing

the short-circuited line with entry iampedance Z¢, =jpc, tg%—“—l
also, at length I=% Zey==cn, In this case, the curcr2nt from the

end/lead of 2 loads on cable sheathing is absent and th2 symmetries

of diagram is not disrupted.
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Pig. 8.26. Equivaleat diagrams of gomiometric system of tvo
frasevork.

Key: (1}. Symsetrical. (2). Coaxial cable. (3). Cross csniection.

Page 224.

The i1iagrams of U-bend and beaker are nacrrov~-banil. In tha

device, depictsd >n0 Pig. 4.26c, vein/strand 1 amd the sheathing of 2

cables are connected to syssetric loadimy 7,

just as >n Pig. &.26b.
To vein/strand 1, is connected the even lttlllic cylinler vhose
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diameter i{s equal to the diameter of cable sheathing. To :zylinder ani
cable sheathinj, is put on (vith a small gap) the metal tube,
soldered to them in a-a and b-b and generating the liae,
short-circuitel fcom tvo sides. Since the halves of line B and B'
have identical lsagth, wires 1 and 2 prove to be equally loaded and
the syammetry of diagras is not disrupted. Diagram Pig. 4.26c is
vide-range and it is used in the section of range, ¥hile

short-circuit impadance is greater than load impedance.

on Pig. 8.261, is given the schematic of the modifiel device,
shown to Pig. U4.25c; it differs in the facts that the halves of the
short-circuited line B and B' for the purpose of a decrease in the
overall sizes are bent, With the movement of the supplamentary cross
connection of short circuit it is possible to chanje wavalength with

vhich back-out rasistor of line is equal to infinity.

8.12, Bffect of the dissimilarity of the parameters >f taa connecting

cables.

Por tha corract work of radio direction finder, tha cables msust
not change the amplitude ratio and phases of eaf, the induced within

the separate ant2inas or framework. At the sase time, the pieces of

| . )
Lo T

) B aomacliliabiai sl i bt i oot sl
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cable, serving far the connection of the separate antennas and
frasevork as the intenna of the gystea of radlofdiroctloa finder,
sosatines have tha different parameters. The lengths of the pieces of
cables, as thoroughly they had not selected, also can be
distinguished. Por this reason is disrupted the normal >psration of
the radio direction finder: appear the instrument errors and the
diffuseness of the ainimua vwith the reading of bearing t> audition or

ellipticity of imszge in tvo-channel visual receiving indicators.

The 1issisilarities of vave impedance ,, and of the attenuation j3,
of cables are usuilly small and can Pe disregardea. The
dissimilacities of the coefficient of elongation (=}, vhere e¢—
the equivilent dislectri< constant of cable, and geometriz lengths
they lead to the fact that are distinguished between theaselves the

electrical lengths of cables.

Page 225.

Let us desijrate the dissimilarity >f the electrical lengths of

the pieces of the cable through 4Am/, wherve m::%}pdﬂ

Bffect of the dissimilarity of the electrical lengths 5f cables in a

gonioaetric systea.

;
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On Pig. 4.27, is depicted the equivalent diagcsa of systenm of
two framevork (or tvwo pairs of the spacel antennas). We assume that

all netvork elomaats, vith the exception of the lengths >f cables of

the framevork, are identical.

Let us designate:
E,=E,cos§ amd E,=E,sinh

~ onf, indused vithin the framework or pairs of dpposite
antennas;

Z,— the loal impedance ©f cable from aantennas;

Z,=r,+jXs— the load impedance of cable from receivear;

mi 3nd ml-4-Aml— the electrical lengths of the >32les, which

go from the pafrs of antennas.

Let us convart by voltage B, and resistor/resistasace Z, toward

the end of the cable where is included the load of the r2ceiver:

EII POEI

_—_ e N

pecosmi+ fZusinml’ (4.6
v, Zacosml+ jopsinmi 406

Lo = 0w oy n T il (4.60)
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Pig. &.27. equivalent diagram of the goniometric systea of two

framevorke.

Page 226.

Current in the load of the cable of the first frasevd>.k will be

/I.';: ~,-£I' - (lG’-)

POOTNOTE t, In the case of the presence in diagras, lLat us exaaine
the torque/moment of the reading 5f bearing, vhen thece is no

reaction of search coil to the ducts of the framevork. BEDPOOTNOTE.
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F% After the substitution in (4.67) of formulas (4.865) 1nd (4.66)
kﬁ_ ve vill obtain

"‘ Pelis —mem—.  (4.6R)

V= ;:(Z..+ Za)cos mi 4 i-(Z,.Z.. + P?,,) sinml’

Analogous expression can be written for current i.. on the basis

A

of enf E, and lenjth of cable /,=/4 Al

S e P

Let us examine two special cases: ;{
» Zn = Pyre
N then
"‘ll
?' /l= __E. . e—/ (mlnrcli kT:E:-)
/(Ru + oM 4 /\"f, '
and
Zy== Pgre
then 1'
Xl
/,=’=-——~— £, -/(mluma E.4p.).

V (Ra 4 pap + X7
In both cases, i.e., vhen fros any side of cable, losd impedance
is equal to the vave iapedance of cable, the asplituis >f curcent in i-

load does not lepand on length /. The length of cable detersines the

phase of current. The dissisilarity of the lengths of :a» cables of

the framevork in these cases is brought only to the diffaseness of
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the ainimua (to the allipticity of the resulting sagnetic field in
gonioaeter).

page 227.

In the 90&9:!1 case of resistor/resistance Z, asd Z, they bave
composite character. By addition at the cable of certain lemgth a can

sake equivaleat casistance Z', (8.66) by purely acztivs and equal

to Z,=Sp,. Pros the course of antennas, it is noted  for 3.1)
that
204 .\ .
tg 2ma = 7(-:-_-:;'.:—?;-. (4.69)

kI 5
Ve
S’ = “-‘——‘.—:—_::z—_—n‘j ‘ L-'-—,Q’z__— =
/ 4R %
) e
(R, + AL+ P.],)'

2 -2 2 S & vBYY 2T
=t dn VR AN AR Ry )
R+ X505 4 | (RI+ N2+ 050 + 4R%

Here 3 - XBV of cable, determined by antanna resistanca. lLet us
designate the nev eguivalent length of cable /~/+a. Proa (4.68)

the expression for a current in the load of the cable >f the first

framework assuses the foras

Qs

I

! Pr—— — 'l
T (Za o+ Spe)cos miy 4 [ (pp + Sl")!lnml.—l 10 COS Y,
vhere

’ o E.._- P 4 -
/ 10 7 (Zn+ Spe)cosmle + [ (pa =+ SZn) sinml, (@.71)

;. 5 P L Rs Al TTERRS ST R Sesd iy =
2 eqem e e A Ryt T S e e T T - A IR MY SRl = hpestintnia 1
. et mmpz ey e e TRTS TS SEYIIOTOA S TS g 5 : i TR
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or

£

Y _ —-—
(F1o)! 2 2 -+ Spe) costmly 4 (0o + S2n)° sin? mi,

(71"

The phase of current I, in load Z, is determined from (4.71)

by the expression

¢, = arcty (%:_-:_%i: g ml,). (4.72)
If the lengths of the cables of both of the framewvwdsrk are
identical, then currents I'; 4, = I',, is -ounted off tha accurate

bearing a, vhich Ls determined by the formula

tga:.;%ztgﬂ and a==1, (4.73)

Due to the fact that the length of the cable of tha second
frasevork differs from the length of the cable of tha ficst frasework
l,=—=1, 4 Al sarcent in the load of the cable of the sacond

frasevork I',, vill change and it will stop I*,g = I',, ¢+ AI.

Pbﬁ e 22¢

Will apperar the bearing error, vhich at smsall valuas AI/I',, has
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quadratic charactsr, and in accordance with formula (4.18) its

o

saxinue value is determined by the forsala

Al

w TR 1Y ?'~;
: .
e Y e

tg (da) = %,—. (4.74)
P
§§; Differentiate of expression (8.71°%) in teras of w/, and
E%: after subdividing it into 4(I';,)2, let us find the maxisum value of
¢ erLLor (Aa),axc:
"
., t (Ba)uane = a{%:.)?f;,(fmz_ ,l’lf.”i i:jﬁ"-,’;;,, iy

(4.75)

-

Brroc is squal to zero independent of length /, with z,=p,

or S = 1, vhich establish/installed earlier.

After equating zero derivative (4.75) in teras »>E ml,, lat us
£ind the most unfavorable length of cable /., at which is obtained

maxinua possible error (4a)yauc mano:

—. (Po ¥ S2a)' — (2n 4 Sps)?
cos2ml, =: (o StV F (1 + So0T - (4.76)

Aftec substituting (4.76) in (84.75), ve will obtain

L @S- |
ty (Aﬁ)muuc mane "= F IO l a (/Il/,), (477)

Usin) sxpression (4.72), let us detersine the chanje in the

phase, produced by a difference in the length of the piir of cables
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of one of the framevork of Jmi,;

by = o (2u A Spe) (e Sta) inly
(2a F See )i coBV mlyF (P -+ S2a) sint miy’
Baxiaum value (49),.«c i5 obtaimed vhen ma==&a-k1)§ and
it is equal
24+ S
(8P mang = be T Sz: Aml,, (4.78)
Page 229.

The 21lipticity >f magnetic field in gomiometer (or the image of
bearing on the cathode-ray tube of the two-chanmel radio 3irection

finder), which is caused by a phase difference (3¢)usxec, is

detersined froa forsula (4.23):

A

—a0rc - Za + Sp .
<——)Mauc = 0,5 (8¢)anc = 0,5 (m:—) Aml, (4.79)

I~

#hen zy,=p, OF 2Z,=pn (L.®c S « 1), them (4a)yauc mane =0 and

{A)wanc=Aml, indepsndent of value Aam/,

Nost strongly manifests itself the dissimilarity of the lengths

2f cables when 2u=0 or 2y =00, Por these cases, taking

into account that S=~Kos, froa the connecticn of tha lLoad of

antenna, ve will sbhtain

YU TP O VRS STGPPw W .1 WEVERRFSOP T e

Aol et RSN |
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1€ (88) wauo naxe I 2K°_ I! ml,, ]
A e ]

(Tf)..m =05Keabimly, v ? (4.80)
|

/"\
o
S
I
(=]
o
.Xl
2
D
g
=
Nt

If we consiler that are obtained current resonance or voltajes
in antenna circuit, i.e., Za==00, or 2, =0 (S = », gither s

= 0), then wve have

tg (Aa)nauc MaKE — !—% !Aml
ang !
A
(#)....=Fram,
€= yhere P=:' or p_"_ a coefficient of travelling wvave

from the load of teceiver.

Lavs in this case the same, as (4.80), oaly K, it is

replaced by P. 3
Page 230.
on Pig 4.28 are depicted designed by foraulas (4.3)) at values

aml,=0,0] aal Amil,=0,05 the bearing errors Ax and the maxisum

ellipticity of majnetic field in goniometer A/B depending on KBV of

the loal of cables froa receiver or antenna.
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Pig. 8.28. Brrors due to the dissisilarity of the elactrizal length

of cables,

Page 231.
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rros the curves Pig. 4.28 follovs that, liaiting accor by value
19, it is possible to allov KBY of load from 0.25 to 0.75 depending
on the dissimilarity of the lengths of cable.

It is possible to shov that the dissimilarity p, between the
pairs of feeders is led to squared error vhose sazimus valae Qsﬂﬁf.

82y

vhers el relative valee of the dissimilarity of the vave

impedance of cables. Usually eﬁ} they 1limit so that tae saximum
error would lia/rsst within the required limits. Sometises for the
equalization 7, of cables cable vith high wave impedaance they shunt

by small amouat of capacitance, selected experimentally.

Oon (4.78), it is possible to also calculate phase l1isplacement
of currents, whica occurred as & result 2f the dissisilacity of the
lengths of tvo cables in one pair, only 2, amd . thay are related
in this case t> single cable. Knoving phase displaceaent 5f currents
in a pair, it is possible on (4.79) to destermine the ciu3z2d by this
phase displacemeat antenna effect. Being given the permissible
antenna offect Adua to the effect of the dissimilarity of the lengths

of cable in a pair, is determined the peraissible saxiaus

dissiwmilarity of lengths.

We vill exazine system of two framework or of tvwo pairs of

antennas. If in antenna to system used sore than four antannas, then

= P

[ PP TN

biere bt Laae .
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instrument error does not exceed that which was desigaesl by formula
(4.77) «

Effect of the dissimilarity of the electrical lengths >f cables in by

the circular antaana to systesm wvith acute/sharp directioral

characteristic.

e assume th2 sum-and-difference method of the reading of

bearizng.

2N - the nuaber of antennas, vhich form direction-fiading group,

E - voltaje from any antenna ob the output of the cell/element

of addition. 3

Output poteatial of the cell/element of the addition of esf N of

the antennas of subgroup with the ideatical lemgths 5>f tha cable
E‘-EN.

Page 232.

Qutput potential of the cell/element of the addition of emf N of
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the antennas of tas subgroup where one antenna bas a cable with a

Bt eI A i

di ffering fror others length of:

1

ISR

E,=E[(N—1)4 ™

or

E,=E[N=1)+4142(N—1}jcos (Bmin'? 2

e
Ll
A O
X

sin (dmf
. x el are tg ﬁm(;ﬁi )
T
With the reading >f bearing, appear the bearing ercor A 1ad the
X ellipticity of image A/B.

4

The correspaading to error angle om cathode-ray tabe will be

—_ sin (&mi)
ba=035arc g N ~—14-cos(aml)*
Bearing error with consideration scaling factor k"==315(mh- the

K
separation of ths equivalent pair of antennas, whicl replaces

direction-finding group) is deterained by the formula

A=k,.
It is possible to shov that the ellipticity of isage is dasigned froms ;
formuvla (see § B8.7)
A_lmN_4p+1+ﬂN—wmuMM—~ﬁ

B S (N—=T 4 L+ 2(N — 1)cos(dmi) + N,
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Liniting error by value A ¢ 0.19, ve obtain for the psraissible value

Ami<2.01 5 B¢ N ot am/<0,02 (3N).

Thus, when "T’=1, N = 4 requirement ami<Q,08 or 4/g0012
should be satisfied.

page 233.

Analagously are determined tolerances to manufactare of the

lines of time delays in tac antensa coamutator.

Effect of the 1issimilarity of the electrical lengths o5f cables in a
radio direction finder with the cyclic mssasuremsent of phase in high

frequency.

e assume us?d by the circular antenna of systes with switching

of antennas for 1stermining bearing.

The supplemsatary phase of enf in one of the antennas o=Aml

vill lead to a sinusoidal increment in the phase vith iaplitude
[1.17)

. Lt v
t=2sin' - Aml]i, 3
£ LY ]

vhere W is a asaber of amtennas.
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Greatest affyct an jocreaent in the phase { oxerts
the sinu3ocid of an increment in the phass is shifted o2
relative to the fundamental sinusoid of a change in tha

the fr« aency of coamntation. in this case, the beariaj

is designed fros the formula

- *

tg A.\mrc=7;‘ Or Buaue ™ -

wvhere B = 2«b/A; b - a radius by the antenna of systea.

itself wvhen
134le on »/2
phase with

accor

Let Buu=! and N = 12, Then for limitation O,a<0,1°

aust be

dmn<%ic, o  (8m)<0,0106

Por determining the total instrument error of radis lirection

finder, it is necassary to accuasulate coaponent instruaent errors.

Since the component erctors have different dependences >1 azimuth (but

sosetines and on frequency), most it is correct to rata/astimate the

average qualrati- values of component errors and thean, assusing that

the errors are inlependent, to calculate total mesan s3juiaC3 errot as

square rodt of tha sum of the dispersions of component errors.

Page 234.
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It is natural that of radio direction finder with rotacy intenna by
systea the complete instrument error is less than in rali> direction
finder with motionless antenna by systea. The instrument arror of
stationary radio 1irection finder is less than amovable or ship

(aircrafe) .

Instrusent acrror can be to a certaian degree taken into account %-

by the calibratioy of radio direction finder (see Chaptecr 10).
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Page 235.

Chapter 5.

EFFECT OF LOCALITY AND LNVIRONHENT.

5« 1« Character of the effect of locality and enviconamaat,

As it was saidvn eatlier, with the aid of radio dicection finder
is deternminred the orientation of the eguiphase surfaces >€
electremarnatic field, emitted by the oriented radio tcansmitter. At
a great distance from transmitter on the limited secti>a >f
arrangement/pa2rmautation by the antenna of the system of tne radio
directinn fiuder of the projection of equiphase surfazas »>n ground,
that are the concantric circumferences of a large radius «ith cencer
at the point of the location of ¢ransmittaer, are convact2i into
straight lines, p2rpendicular to direction in radio station.

Pirection ir the transmitting radio station, i.e., lin2 >f bhearing,

Pt
s
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is determines from tu» parpendicular from center by the antenna of

syster to ejuiphase siarface.

Due to influ2ace of environment with the antenna of the system

of the ralio diraction finder of the projection of equiphase 3

surfaces, they are distorted, and then appears ercror with direction

[

k?’ finling. The listortion ot equiphase surfaces and error they can be

§§i caused hy the heteroyeneity of soil and area relief n2ac by the a 
antenna of th2 system of radio airection finder (transition from

humid soil to dry, from sea to dry land and so forth). Zucthermore,

the diffecent netallic and current~conducting installatisas and

e

ob ject/sub jects {antennas, the locked ducts, hangars, trees, etc.) -f
affect the work of radio direction finder, since they cr2ate the
fields of reradiation, which distort the orientation of eguiphase
surfaces and the calling errors and the diffuseness 52f b2aring. SO
that the locality and the local installarions would not affect the
antenna systenm of grouund-based ralio diraction finder, it place, so
that to the syst2s would not exert effect the heteroyeaneity of soil

and relief, and also tlie current-conducting object/subja2:ts.

Page 2136,

In soite 2f this, the locating at a great distanc2> from radio

direction finder (to several kilomecters) current-conducting ob jects
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{structures, ant2ana installations, forest and so forth) ire createl

in the sum of err>r with direction finding. Since the pacameters of

soil, and also the character of the emission/radiatis>ar > the distant

environment can caange depending on weather, the polarizations of th2
incident vave and other conditions, effec-t of distant asavironient

does not remain time-constant. Ercors due to the distant environment

are of a randosa ciaracter and cannot be taken into account by

calibrating the radio direction finder. They reduce th2 2perating

accuracy of radi>s direction finder. The gredter the separation of

antennas and is asute/sharper the antenna radiation pattern of the

system of radio direction finder, the lesser the remdata rc2turn

emitters it operates on it and the lesser the random ercors due to

the effect of the distant environment.

In certain cases, for exarple during tha installatisy of radio

direction findar >n ship or aircraft, it is not possible to avoid th2

effect of metalliz object/subjects; then they occur >f tia2 errors,

considerel with direction findiny in the form of the corrections,

called ralio beam deviationa.

Se2. The shore effect
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If near radis direction finder passes the shore lin2, which
separate/liberatas sea from dry land (oy dry lands froa s2a), then
vith direction fincing are possible the arrors, callel 2r:ors due to

coastal effect.

Tha theory >f radiowave propagation under these conditions is
developed by V. A, Pok, M. A. Leontovich, G. A. Greenbacrj and Ye. L.

Peynbery [ 5.2]. -

Usually traasition from sea to dry land or vice versa is
acconmpani~i by the presence, in the first place, of slo>p2 of shore
and, secordly, by a change in the electrical patcueters of mediunm
during the intersaction of shore line. Both these reiass>ns create

errors vwith direstion findinga
Page 237.

Total errorx lue to coastal refraction or the coastal effect
a-'ﬂp+0",
vhera ap 1is jue to> the inequality of sucface {slope), ag -

dissimilarity of the electrical paraameters of soil on both sides fronm

shore line.

In *he mathznatical analysio of the theory of coastal
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refraction, are utilized complex bulky conclusions. L2t us give only

obtained cesults (1.3, 5.2, 5.5]). E

Bffect of the heterogeneity of soil.

Let at point O (Pig. 5.1) above sea is be locatel th2 epitter,
and at point C abs>ve lace - radio direction finder. L2t us connect
points 0 and C aal direct axis 0X of coordinate systen along line OC. 3
Let us designate: g - distance from emitter to radio Jiraction
finler; X, is a path length above the real; & is a distance froa C
to shore line 3n jerpendicular to shore line; 0 - the angle of
incidencs in the wave on shore line; e and ¢ are the pariseters of

dry 1anl (e - tha module/modulus of composite dielectric constant, ¢

- conductivity).
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Pig. 5.1. Refraction 5f radio waves by shore line.
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Electromajn2tic field along the surface of propagatioa (dry lani
of seas) is characterized by the function of weakening W, which is
the complax quantity, vhich depends on the parameters of the mediunm,
abcve which is propagated the wave. The module/modulus >f this value
characterizes the decrease of the amplitude of the strenjth of fielil
with distance, the argument of the function of weakeniad letevrnmines
the suppl2mentary phase of vave relative to the phase in free space

(2#/)\ ) -

If an increment in the phase after the intersectisn #ith the
vave of the line >f shore was constant, not depending o5n lirection of
propagation, then the lines of equal phases would be circunference
vith centsr at pdint 0 of the location of the emitter (dotted line
C'Cn on Fig. S. 1}, Tﬁe radio bearing, which is deteraminel from
perpendicular Cn*' to the line of equal phases, would c>iacide with

direction in radi> transmitter.

It i35 known that the wave front, which i5 propagat2l above the
ideally conductiaj surface (by sea), is perpendicular to this
surface. Above thes semi-conducting earth/ground the wavz front of

interface it is sloped forward the greater, the lesser th2 ground

conductivity. At 3 height of several wav2leujths the listortion of
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vave front disapp2ar and it coincides with the sphere, wh'’ch has
center at the polint of the location of emitter. Durinj tai2 transition
of the wave thcroujh the shore line, which divides mediuamas with
different conductivity (sea and dry land), the wave froat of surface
must undergo chaaje from the normal to inclined., Simultanrzously with

this occurs an increment in the supplementary phase of th2 function

of weakening.

During raliswave propagation perpendicular to shore line slope
deviation in the wave front and an increment in the suppla2mentary
phase occurs simultaneously on all sectors of the front of wave; the

direction of tne line of the egual phases C*'C" will not change. If

b
st MERE G s sl aiss bbbl ki, RIS T < TR W Trs R LIPTITA. 11118 QPTG REEIw ot W AT1 3 TR TN

vave intersects shore line at certain anjle of 0=+=O°, then the
individual sectisas of wave front pass from sea to dry laand not
sigultanesusly and an increment in the phase in diffar2at sectors of

the front of wav2 occurs also not simultaneously, but with the

intersection by it of shore line.

O S U G Gy B L Sy

Page 239.

As a result of this the line of the identical phases is listcrted and
assumes tae form >t solid line C*,C" ; (Piy. 5.7 . Perpenlicular Cn
to the line of ilantical phases does not coincide wvith direction in )

transmitter. Appears btearing error . dapendiing on th2 1irection of
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the motion of wav2 of relatively shore line B®*B™, Wava s22@ingily =
undergone refraction - its path seemingly stops OByC. During the E

further aivanc2 >f wave with the establishment of the necessary

L ilhed e

slope/inclination of the electric field above the earth/3rouni,

occurs phase comp2nsation in all sectors of the front anl grajually
is restored the direction of the line of equal phases, pacpendicular
to the straight line 0C. Thus, on certain distance from shore line ;:

disappers.
the aertor of coastal refraction

Study of coastal refraction shcewed that the errors of ccastal

refraction 1s detected while direction finder is located from shore
line at a distance, much smaller than 0,318)¢..

Furthermore, as this follovs from that which was pr2sented, the
error in guestion must not be observed with cliamb of sevacal

wavelengths, 3

In [5.2) obtained common expression for an errocr ftr>a coastal
refraction under the following assuwptions: plane wave intersects tha
rectilinear coastil feature of infinite length: on bata sides from
this 1lir2 of m2dium, have the different pardmeters, the transition
from one parameter to another occurring smoothly; tha wilth of

transient zone is small in comparison with wavelength.

Is leriv2]l a series of formulas for special cases,
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Page 240,

For the case when radio direction finder is located oa 3iry land far

beyond the limits of transient zonc and traansmission 2-2acs from sea,

is obtained formula

_ tg o r, b A .
ay = — 7-2»',;7-\... 1 v.c sin (T—f-rg)}/l — = B)

where

R ‘-*

o)
pp._amtg —;)

c - the speed of light.

Minus sijn b2fore the formula designates, that th2 lirasction of
propagatiosn after the intersection of shore line approaches a
standard. If ve interchange the position radio traasamittac ani

direction finder, than error will becowme positive.

Fijures 5.2 jives nomogras for calculation a, for distances

from shore line azcording to perpendicular to it, equal t> E

\/3, &-
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= X and £ - 5\ for two waves 300 and 600 m and for three varieties of
soils. Th2 parama2ters of soil in this figure are designated in unity
CGSE. Beinqg given angle of incidence @ and ratio r/&, on the
left-handa2d curvss finds the point, frow which it is naacassary to
conduct the horizd>ntal line to intersection from one of the vertical

lines on which is counted off the error.

The comparison of those who were obtained up t> the levelopment
of the th2ory of the experimental observed data of the ercois of
coastal effect and theory as a result of the absence >f tae
comprehansive lata on measuring conditions 1s difficult. Jne should,
hovever, note that the sign and the order of magnitudz >f the

observel arrors will agree well with theory.
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Fig. 5.2. Nomojraas for calculating error due to coastal 2ffect.

Key: (). Angl2 >f incidence v°.

Page 241, k

If diring th2 propagatior of wave the section of iry lanid is
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Q; . shorter than marine, then angular error is less with dicection ;
g ' finding from the 3hip, than with direction finding fr>1 saore,

§ ; Depending on angla of incidence, the errar a. has approximataly

f semi-circular nature with zero along perpendicular to shite line. ;-
.3 E
%F The errors, anhalogous to coastal refraction, caa be, als>, when

&‘ : on path of motion wave does not intersect shore line, but ther~ are 3
;- heterogeneities of the clectrical parameters or reliaf >f soil. E
" Investigaticns shdvw that the small heterogeneities of s9oil 10 not i
) ranifest themselvas by noticeable shape, if{ observatizas are

X conductzd outsids the range of the distortion of the phase response 'r;

of field, and they czn lead to the consiierable disturbanczes 5f the
character of field and the bearing errors in the ranges, included by

these Jistortions.

The 2lectrical parameters of soil change with a chairje in the
atmospheric conditions. Therefore the errors, caused by the -2
heterogeneity of the parameters of soil, do not remaia tise-constant
and cannot be considered them during the operation of radio direction
finder by the pre-check of radio direction finder. Tn2 value of these
errors must be restricted by appropriate selection of pli:ze for the
installation of radio direction finder. Before its iastallation it is
necessary to inv2stigate the paranseters of soil of area sy a radius,

by the approximately equal to 1/3-1 maxinmum wavelengths »>f dicection

Lol Tandd
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finding, arouni site of installaticn by the antenna 2f th2 system of
radio direction finder. Site of installation can be considered
satisfactory, if the spread of ground conductivity within the limits

of the mentioned area is small.

Is experimentally establish/installad the linear 32pandence
betweer the fluctuations of earth conductivity and the me=an eccor of
spaced-antenna direction finder. During the fluctuatiasas >f specific
conductivity 1-4 in a4 radius 100-120 m, the maximum beariag acror on

short wavas has value +19,

Separately »ast be checked ground conductivity dicactly in the
sites of installation uf masts, since the dissimilarity of soil under
masts causes the lissimilarity of the el2ctrical parasstacs of the

antennas and instrument errors at direction finding.

Page 242.

The matall.zatioa of s0il in site of installation by the antenna of
system of radio direction fipder, Reamer by means of the laying of
vire gauza (se2 § 6.121), it leads to the fact that the dissimilarity

of ground conductivity under grid manifests itself to much smaller

deyree.
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Effect of the inajuality of soil.

It is assum2), that alony tha rectilinear shore of infianite

length is a slope with constant ate of rise.

Let us designate: y, - the rate of rise of slopa in its central
part; 1. axtent >f slope; §{o -~ the maxioum value of lift; €& is &
distance on pacpaadicular tc shore line from ousservation poirt to
shore line, from observation point to the shore line whar2 the slope
begins; & has minus sign, if observation point is locatedi in front of
slope (3t sea), 214 plus sign, if observation point is lozated behirid

slope (on the shore).

on Pig. 5.3, is represented the section by the vertical plane of
the medium above which are propagated ths radio waves, intersecting

shore 1line.

Pijures 5.4 jives the curves/graphs of the maxisua errors of
dir ction finding a, {into rad), vhich are okbtained, when wvave
intersects the slope, which is pulled along the rectilinaar coastal

feature of infinite length. Errors are given dependiny 31 6 for the

A
i
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different m&, for the case 7.<2_'“‘/;; <m=%?).

Soprsotan aunus ()

sz !
(e, 6) ,
.11 Cywe ¢,

{,
Al
t

Fig. 5.3. Airfoil/profile »f mediunm during the intersection of shore

line,

Key: (1)« Air. (2). Shore line. {3). Dry land. (4). Sea.

Page 243,

From the curves Pig. 5.4 it is evident that at eguidistance from
10ope the error when direction finder is located in front of slope at
sea (mf n2gative), is approximately tvo times more than wvhen

direction finder fts located behiud slope on dry land (mé positive).

Por exaample, with distance & = \/2%, 8 = 45° ani y, = 0.2 = 120
error of ap, = 2-3% in front of slope and a, = 1-1.5° unier the sanme
conditions is bealnd of slope, Ercor increases with an in:zcease of

the wavelength aal depending on 6 has quadratic character for nmf >
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-1.5; for mé < -1.5 dep~>ndence of error on & becones adc?2 cuaplex
(Pig. S.4).

It is expetimeutail, . stablish/installed that the ecrocs of
coastal effect most powverfully are developed of the vaves vith a
length of 500-100) m. On the waves, greater than 3000 m, they are
less than 1°. 2n wave 500 m in several meters of shore, is observed
the error at 8 = 70° into 3-4°. During the elongation >f wave from
500 to 2600 m the error decreases from 3.2° to 1.4°. 2n the short
vaves of orror fcom coastal effect, they decrease, but thay are not

systematized, on VHF there are not.

Calculations and practical data show that the radio bearing,
which undergoes coastal effect, is sufficiently floweld, if A
electromajnetic vave intersects shore at an angle, greater than 20°

e g 70°), ani if 3distance X, on the path of propagation from shore

line to dicaction finder is more than one or several waves.
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Pig. S.u4. Errors >f relief.

Page 244,

Por coastal radio beacons and radio direction finders on charts,
they usually note the zone of reliable direction finiiag, within
limit3s of whizh it is possible to rely on a small manifestation of

coastal effects.

5«.3. Effect of tha adjacent object/subjects on radio direztion

finder.
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Effect on th2 direction finding of the metallic object/subjects
of those located near by the antenna of the system of radio direction
finder, manifests itself in the f#ct tﬁat can appear the béaring
errors and sometimes diffuseness in its reading (blurciaj the minimua
of audibility in auditory radio direction finder, appearance on the
cathode-ray tube of the two-channel automatic directiosn finder of

ellipse instead 3f the line and so forth) .

Is explainsed tnis as follows. The incoming electrcomajnetic wave
induces emf in the wmetallic object/subjezts, located neac by the
antenna of the system of radio direction finder. Thes2 2a2f's create
in metallic object/subjects, the currents which form thajrc
electromagnetic fields, called the fields ot reradiation, The latter
operate on the antenna system of radio dir2ction finler tirgether with

ground field of transmitter.

The 2mf induced with the field of return emitter, it is possible
to decompose on tvo components - that cophasal with e2af, induced with
ground fi2ld, anil differing from it in phase in v/2. The first of
them creates arrac with direction finding, the second causes in

essence the diffuseness of reading. Emf from the fieli »of

PR WO
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reradiation, whiza is characterized by in phase in »/2 from eaf cf
ground field, it is possible to compensate for the same 32ans vhich
are applied for the compensation for emf from antenna effect, which
differs in phase in »/2 from emf of the iirected systaa (§ 4.3). If
this compansation is realized, then remains the action only of one
field component of reradiation, cophasal with ground fizll and which

creates oaly errat vith direction finding.

Page 2US5.

If ia frase radio direction finder for determining one-sided
bearing (sile of radio station) is utilized the superposition methold
of the diagram of the reception/procedur2 of the oamaniiiractionai
antenna on the diagram of ¢the reception/procedure of the framevork,
then the field of reradiation can lead to the incorrect ca2ading of
side. The reason for this consists in the fact that in the near zone
of reradiation is disrupted phase relationship of majneti> coaponent
of electromaagnetiz field, which operates on the framevocrk, and by tha

electrical componant, which operates on antenna.

Let us examine in more detail the action of the fiall of
reradiation on ralio direction finder with cosinusoidal directioml
characteristic. Por simplicity we¢ assume that as by tha antenna of

system is usel th? rotatable loop or the pair of the spized antennas

b
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(Fige 5.5).

To the rotatable loop of radio direction finder R with effective
height h, at an angle p the initial refarence line 33, a1pproaches
the electromajnetic vave of transmitter (ground field)| with intensity
B and with normal polarization {(vector E in the vertichl plane of
propagation).

The phase of field let us count off relative to point R. At
point A at an anjle ¢ to initial reference line at a distance 4
from the center of the framework, is located retucrn 2aittar with
effective height fow by resistor/resistance Z,,=zoe™" and by
directional charactaeristic P (8,, 6), wh2re 89, is an 31312 of the
direction of the maximum of radiation pattern of retura amitter with
initial reference line, that characterizas the orientati>i 2f return
emitter, 9 - the angle of any direction in question with the
direction of ianitial reference line. We assume that the angle of the

slope of a front of wave B = 0.

In return emitter it is induced by 2nf

Eou==E honF (. §s) &'™.
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Pig 5.5. Action >f return emitter.
Key: (1. diffarence in the path,
Page 2U46.
In expression for directional characteristic instead of the angles &,
—
j
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4l , is introduced thes angle ¢,=—p—¢ between directions in tae oriented
¥ . |

By radio station anl in return esitter from the location of the

52 framework of radio direction tinder; a phase differeac2 #, is caused

w -
Y

by the character >f emitter (locked, extended), by the location of

return amitter ralatively by the antenna of the systea 2f radio

ARt

direction finder and by direction of propagation.

[ .
ey,
™

Wwhen ground field has direction of propagation p = ¢ ¢ w/2, then

Lo
..

a phase difference ¢, = ¢,, depends only on the charazter of return
o emitter.
Y
For ary diraction p ¢ ¢+ 2/2 (Pig, 5.9)
' )
: 9, == d cos , 4 Py,
where 14 = AP is a1 distance between the return emitter and the antenna
the systenm of radio direction finpder.
Current in raturn emitter 1.
Enn Eh F o N ‘ 1 () L]
/°"=2_:: — onzo(.o D) e/ (srto) loxm el(! +90),
b
FOOTNOTE ', In tnd case of nonuniform distribution of -urcent along
: return emitter hos Zon, Eon and /.« they are related to> miximum

current in return emitter. ENDFOOTNOTF.
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i

Return emittar creates in the location of the frasewasrk of radio
direction finler its field of reradiation, we assume that with the
normal polarization

Eou=a/ouF (b, §) €™ = aloa mF (8, ¢) €/ ™",
the supplementary phase ¢; depends on the alignment of th2 return
! emitter and framawork of radio direction finder and on th2 character

of return emitter. If 4 < < X\, then #y = @3, is deteceia2l by the

I T N T T Ny L T Y Ty I T P LJMMMI‘)WINM

character of ra2turn emitter,

9

Por any direction vhether large 4 (Fig. 5.9 %

h

2% :

Pi== Td+?u- ,;

3

- i
Page 247. f

We can writ2 for an electrical component electromagnetic field ¥

3

of the return emitter . . ) . ;

Eon=Eou ....C]v—'_—Eou m COS ¢ + IF-o.msm = E'on + IE "rl"c 3

(5.2)

A vhere  Eoum=KkE; ;
;

E

i

=
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K= ahligaF {9y, %) F (8. 4}

2on

=9 -+ 9+ (5.4)

Piell comporant of return emitter, cophasal with the field of

transmitter, will be

; E'ou=kE cos 9. (5.5)

Pi21ll coaporant of return emitter, which differs in phase on »/2
from the field of transmitter, is expressed
E"ou=kEsin . (5.6)
The first coaponent is led t> bearing error, the second
component causes mainly diffuseness in tne reading of beacing. With »

= 0 or = » occurs the maximum of error.

For resecarch on the effect of return ~uitter, it is iecessary to
determins its field Eon i.e. to find values of k and ¢ {see (5.3) ani

(5.4) J.

Coefficient k deopends on form and the alignment of return
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emitter, inl als> on the ratio of its natural frequency to the
frequency of transmitter. Phase ¢ depends on the charasztag of emitter
and its r2sistor/resistance, determined by the ratio of tie natural
frequency of emitter to the trejuency of direction finding (component

phases ¢, + #,4 + 934), and also on the mutual locatisa >Ff rettuz&_,lﬂ

g

emitter and by tha antenna of the system of radio dicractian finder ..
(P2 ¢ @3 - 59 - #39)- This phase difference is equal to 2wd/x (1 k2 /”E>f.

cos“h).

Page 248,

If around by the antenna nof the systemr of radio liczstion finder
are several ratucy emitters, then for deteraining theic action it is
necessary for the location of the directional antenna >f radio
direction finlar to accumulate the fields of all return eritters

taking into account their mutual phases.

Since the phises of the fields of emitters in tha j21eral case -
depend on the 3dicaction of the arrival of ground field, t> stores/add
up the fields of return emitters is necessary for each separate
direction. According to the characteristics of the total field of al}l

return ecitters fir each direction, are designed the error and the

diffuseness of bearing.
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Let us find 2xpression for a beariny error in the g2aerai case.
Let the standard to the plane of the framework fora anjl2 6 with
initial reference line. If in radio direction finder i3 1>t provided
the compensation for antenna etfects, then within the framework of

tadio direction finder it is induced by 2:f

£,=Eh,[sin(p —b) 4 kcospsin($ —0) -
+ jksingsin(y - 8). (8.7)

The amplitude of stress E;, 1is dcterminel by the formula

E,=

=}/ [sin (p—0)-+-k cos g sin ($—)]* + (k sin ¢ sin (y—0)}* £h,.
(5.8)

Emf within the framework is egual to zero not at which values of

angle 6. Bearing is counted off on the minimum of audibility. For
determining the value of bhearing 6 = g with vhich occurs the minimum

of the audibility of radio station, one should equate zer> darivativa

dE,"
4§ -
Instead of E, we examine the expression, proportisaal £
G= }/Isin (p—0) 4k cos ¢ sin (p—4)}*+ [k sin ¢ sin ($—8);°

or (5.9)
G'=sin"(p — ) 4+ k*sin’ (¥ — 6) 4-
—+ 2k cos ¢ sin (p — 0) sin (¢ — 0). (6.10)

Page 2439,

Let us equate zero derivative of 52 in tarms of 4 and is

simultaneously considered, what on the ninimsum 8 = g 321 2 - 9 = p -
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q = f is a correction to radio bearing 1,

ﬂgg:QS;nICOSf+2k'$in(¢—p+f)cos(¢_p+f)+

+2kcospsinf cos (p— p+ )+
4 2k cosgcos fsin(p —p4f)=0,

vhence correction to hearing £ is determined by thes exprassion

2k cos y sin ¢, + Kk sin 24 511
g 2f = T+ 0K cO$ y cOS #, + Kt cos 2%, ®-2)

FOOTNOTE 1. With axamination of the effect of return eaitters, we
speak about corraztion to bearinyg, as is zustomary in the theory of
deviatiion, Bearing error has a sign, reverse/inverse t> the sign of
correction. Subs2juently for the calculation of errors, ¥2 use the

formulas, obtain21 for corrections. ENDFIOTNOTE.

Anglz 7 at wiich is cournited »>ff the bearing, is deta2rminad by
i

the formula

t _ sin2p 4+ 2k cospsin(p 4 )+ k¥sin 2§
g9 = cos 2p 4 2Kk cosycos (p + &) + k¥cos 2¢ °

At the low value of k, the correction will be
[rtg f = ksin g, COSP. (5.12)

When k > > 1, is oriented actually return esitter. The

e\
=
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calculated bearin] independent of a change in the angle of radio
station p reasains constant and equal to % Bearing leviation
f=p—y=y.
#hen k = 1, deviation froas expression (5.11) is >btained equal

by £ = Vor2 or £ = w2 ¢+ ¥y/2.

Formulas (S.171) and (5.12) are used also for goniometric and

tvo-channel systenms.

Fv2m expression (5.72) it follows that if the phasz >f field of
return emitter ¢ actificially is changed from 0 to 2», then bearing

error variss from maxiaum positive to maximum negative value.
Page 250.

Therefore the designed durirg this artificial change in the phase
difference ¢ averige/mean bearinyg has an eiror the lessa2c, than more

frequent they ar2 taken readirgs anc than less k.

Th2 impositisn of the images of bearings on the cathode-ray tube
of tWo-clannel automatic or sirgle-channel xith the revolving
goniomestar radio lirection finder during special change from 0 to 2»

of the ralativa paases of fields of fundamental and reraliat.ons

pakes 1t possible to recognize at amultiple-pronged fi2131 pearings for

i ai b doa i LRI

onhdik 3ol e st sl 0

sk
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~
1

separate enission’radiations [5.15, 10.4). I3 explained this by

Exgm@

folloving. In twdz-channel radio direction finder with dicrection

-

Finding two- and >f triradial field, the ellipses of thr2 images of

L)

-

LRy }

.'Tj ‘-

£ separat2 bearings during an artificial change in phase relationship
%& ! of fields form pacallelogram or the parallelepiped whdse sides
il
Fél{ correspori to beirings to separate field couponent. In single-channel
TE-L : radio diraction finder with the revolving goniometer, the total
g;‘ ‘ output potentials of receiver during a change in the ra2lative phase
i differencez of fialds from O to 2v have the nonmoved minimums, which

f determine bearinjys to> field component.

L

Neilizing tais property, in VHF range it is possible to achieve
a decrease in the errors from return emit ters, revolvinj antenna
syster with zosinusocidal directional characteristic in ciccumference
with the radius, 2qual to wvavelength or large it, and zounting off
averaged bearing ((S.13]. In the range of short waves, it is suggested
to obtain the imajes of bearings simultaneously in the fields of

fundamenta)l and caturn epitters by application/use savaral spread in

. the distance, coarensurahle with wvavelength, automatic twds-channel

| radio direstion finiers. These radio direction finders have the
common/qgeaeral/tatal indicator cathode-ray tube on whicn is obtained
the parallelograa, vhich characterizes the directions of both fields

[10.4].
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When a phase difference » = 09 or ¢ = v, froa (5.11) follows

that
= T 2ksind, + kigin2¢,
€2 = | +k'cos 2, £ 2k cong,
or + K sin ¢,
_ sin :
B/ = rFrce (5.13)
Page 251.

sign (+)} correspinds to a phase difference 0°, sign (-) corresponds

to a phase differcance =w.

If ve into formula (S5.12) substituta ﬂb q+ f -V, then ve

will obtain

sin f=ksin(q ~ ¢)cos ¢, (5.14)

where q is5 a radib>-course angle {(counted off bearing).

Formula {(5.1%) can be obtained directly from coniition for the

reading of the bearing:
(E sin (p — 0) 4 E'ousin (¥ — 0)] 4y =0, (6.15)
For ¢ = 0 asl ¢ = v maximun value of error occurs vhen cos (p - <)
= ke ic€Cy P - T o W2,

1€ /uane = V_\i't_-—kf_"'

I1f ¢ = w72, from bearing cf%or on the basis of formula (5.11)
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vill bhe
Kl
18 2f = s —. (5.16)
In this case the saximuem of the error is obtained with cos 24, = k32,
or ’?0 -~ '/Q
7 1 k*
Vnao‘='§ fiew . (6.17)
Maxizaum 3deviation for kX < 1 has auch smaller value vhen's = r/2,

than vwith ¢ = 0 ot o = »n,
Page 252,

The 2xamiael cases of constant phase displacement o = 0, ¢ = w/2
and ¢ = » indepenlent of direction p are possible, if d/7vs8 < < 1,
i.2., rainly on average/mean and long vaves. Phase displizemant » = )
corresponls also to the presence in the radio direction finder of

elements of the compensation for antenna effects.

In the general case the expression for *the diffusana2ss of the
minimum of A/B (ra2lation of the semi-axes of the ellipse of the fielid
of goniomater or the ellipse 2f the image of bearing on the
cathode-ray tube of two-channel radio direction findac) i3 bulky.
ﬁhenﬂ*o = 909, i.2., direction in return emitter compos2s 909 with

direction in radis> station, then of (5.7) we will obtain
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In the caso of k € 1

ksingsing
T + kcos y Ct;l ;.

%=k 8in -

Wwith transition from cosinuss>idal antenna radiation pattern of
the system of the radio direction finder to of acute/saacper error
due to the effact of the fields of reradiation they dacc2ase. This
decrease the greater, the acute/sharper the radiation pattern, i.e.,

is more the separation of antennas.
Page 253.

if the separation between antennas 2b such, that it canndt be countel
2eb/X < ¢ 1 and direction finding is conlucted on tha siaimsum, then

bearing error at any value ¢ is determined from the egquality

sin (g;:'-b sin f)-{-k €Os ¢ 5in [2;—6 sin (4, 4 f)] =0

or approximately, at the low values of f,

Akl it v et B
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[ Inb
] kcos gsln { ~xsin 0.)
sinf ~f=2.6[ 7] -, (5.19)
X | | + kcosptosd, cos (Taln 0.)]

fith ¢ = 0 or ¢ = ¢

ikom(g?ﬂnh>
sinf = =355

_f['ikunhcm(g?“n%)] (5.19')

Sign (+) in (5.19') corresponds to a3 phase diffaranze between E
and By ¢ = 0, siyn (-) corresponis ¢ = ». For the l>v v:lues of k,

foreula (5.19) is simplified:
=Rconyoin [ 2% in(p— 5.20
[_—m-fsm [_X_-_sm(p 1')]. (5.20)
x
Pormula {5.19) is obtained on the ossumption that tha action of
the nonphase fiell of retuin emitter is compensated for. [ f the
compensation f-I nonphase field is absent and the raalianj of bearing
is realizad on tha minimum of audibility or along the transverse of
‘he image of bearing on the screen of th2 cathode-ray tuba of

two-channal raldis direction finder, then error is determined by the

expression

1
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g
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For ¢

Por # = 0 aal @ = w» is obtained the formula (5.19').

z w/2

ksin (2—;-" sin 0.) [toc v+

sl = gi-b-[l + k?cos? (g;_b sin d-.) costy,
+ kcos (gx_b aln#.) cos s".]

+ 2k cos ¢, cos (2—:9 sin +,;| cos g ]

R S PR S xb .
sinf= -2—k 378 810 (2 gxfsm ¢.) CCS ¢y,

-d
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3§ The value of ercor considerably decreases and its micimum is
! A . :

o observed when o=~ g rad. . With a small separation of

|

L X antennas, the expression for an error coincides with (5.16).

. On Fig. 5.6, are depicted the errors due to the 2ff22t of retura

enitter of systen of two omnidirectional spaced antennas depending on
the anaole between directions in return emitter and grauni field
Yo=p—7

N with k = 0.5 and different 2b/)\a

, . . - o : e

Wi ba e
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Pig~. 5.6. Errors lue to the effect of return emitter (k = 0.5): 1 -
cosinusnilal cnaracteristic e = 09; 2 - cosinusoidal characteristic r

! = 1809; 3 ~ 2b/Xx = 1, ¢ = 0; 4 = 2b/X =2, # =0; S5 - 2b/pA = 3,

Page 255.

It saould b2 noted that the differertial radiation pattern of
tvo spaced antennas with the large separation of anteanas (2b/) > 1)
has sevaral lug/lobes of identical amplitude (number of lug-/lobes it

is determined by rolation 2b/A). Curves atre given only within the

limits of one luc/lobe of radiation pattarn with ¢ = 0 (zarved 3, 4,
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S). For a comparison are plotted/applied also the ercors for by the

antenna of system with cosinusoidal directional charactacistic with #

= 0 and ¢ = » (curved 1 and 2)a.

on Pig. 5.7, are represented the maximum errors (fuarc)iue to the
effect of return 2mitter depending on the separation of intennas 2b/\

with k = 0.5.

Let us calculate the error of the effect of return eamitter on
the antenna system of radio direction finder with cycliz measurement

of phase in high frequency.

Let us supprse that then on the antenna, rotated osn radius b
(separation of antenna 2b) with freguency @, operates jc>and field E
with the angla of the slope of a front of wave f; and the field of
return amitter kEe/* under angle p—9=1, to ground field in

horizontal plane and with the angle of the slope of 3 froat of wave

Ba.
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Fig. 5.7. Dependsice of maximum errors on the separation by the

antenna of systen.

Key: (1) . deg.

Page 256.

Let us desigaate

l:iws,’i‘z 3, #cos,’i,: 3, (5.21)

We assume that the reading of the phase of frequeacy Q@ is

conducted froms th2 direction of the arrival of ground field E.

Induced in antenna eaf will be

E=Eh [els.cm o + Ka/Te/teor (B1—¢e) ]
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or, after designating Qt = 0, we will obtain

E=Eh ('™ L ge/theosO-inl (5.22)

Froa expression (5.22) follows that eamf in antenna is egual to
the sum of two vectors with phase angles a; = 6§, cos 0 anl a, = &,
cos(—¢,)¢t ¢ anl with the amplitude ratio, equal to k (line OA and AB
to Pig. 5.8). The total vector OB deviates on phase to anzyle { fron
vector OA, which :corresponds to emf of ground field, moresover

kaln(ay ~a,)
I 4 kcos(ay —a,)

=ksin(a,~a,) [l —~kcos(a,—a)4...]=
=ksin(a,—a)— X sin 2@, —a)+... (5.23)

tglx{=

Since
a.--a.‘=8.c05(6—-¢.)+?-—-B,cosﬂ.:_ 6,c030<?os~{a.+
4 8,sinsiny, — 3, cos 0+ p=asin (6 —y)+ 9
vhere ﬂﬁd

G,Sln [

e=) ¥ 18 283 cos, (é:gz =2iheoth 59y

of (5.23) follows that
C= ksin[asin(®~—y)+ ¢ —%sin 2[asin (b—p)4-9)+...=

== k {cos ¢ sin [ sin () — )] 4 sin  cos [a sin (h — )]} +-
+-k21{cos 29 sin [2a sin{) — x))-}-sin 2 cos [2a sin (A—y))} 4 ...
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Page 257.

It i3 dezompdsed ¢ in Pouriecr-Bessel's series in argument 4 and .i,
is isolated the tarm ¢, of fundamental frequency 4, since this :
component affects the measurement of the resulting phase juring the
determination of the bearing:

(=2 [k cos ¢/, (a) — %’—cost/, (2a)] sin (0 —y) =
== ssin(0— )

vhere

§=2 [kcos«p!, (a)— %~ cos 29/, (2a)]. E

The resultiny phase during measurem2nt will be
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¥
&f i a=a,-+{ =8 cos0+ssin() —y) =
E . =98, cos 0 ssin §cos x — s cos dsin x = s
F" = Vﬁf +s* — 28 ssinycos(§ —f),
o — __Sco8 3
% gl= S, —asiny ' (5.25) -
T
A L vhere f - correction to bearing, in absolute value is egqual to
i _ _
v bearing error.
| Formula {5.23) is simplified, if 6, = 6, = 6, i.e., vhen B, = B, 2
i\ .
) = ‘3.

Page 258,

In this case, a=265in-i2'—, tgzztg%‘.z-\d 7_:%1,

r s
gikcos‘]|<2"5|ﬂ —21).—

tgf=
d—2ll.(255ln%—>kcosq—

ki / o Vi b
f — g7 cos 297, kMsln —QL) lcos —;—

'Y / 0. 9 ) _Q_o‘ (0.26)
__2_/,\435111—5‘)&): pisin g

Vhon k << 1, it is possikle to be restricted to the first terms

in numerator and {enoninator ({5.26). Then value f will be
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fﬂ [ ‘.
LS, 2k cosgcos —5- /o | Hsin 5~
2 o tg e - 2 . 62D ‘:,
. ’
S
! if This exprassion is analogous (with 5.20). After substituting in .
Trh =
&&&f (5.27) values % and §, ve vill obtain :
i l% 2kco|ycot(p2+> ln[' ""“"‘(-5“'/1
{ -~ 2. (5.27")
- [= x bcos b
3 PR T co!
. L
. . With 3 swall raiius of gyration of antenna b (low value 2b) 6-)
Dor- 0 and limj=kcos?sin(p—v) 3esuylt is analogous to formula (5.12).
‘g Nt
i
; e On Pige 5.9, 135 depicted the dependance of the adsolute value of
i the maximum errof f »f syster frow separation (radius of a cirtcle of
: o g
' the rotation of antenna)e It is avcepted that kK = Jo5, B = 0, 707 o
E; . In phase radio direction firde: of two maotioaless antennas, the
: bearing orror, as this follows fronm (5.22), is designel from the
; formula
) — 2kcosysin(d, sinf —8,1in4) +
f= 23, 97¢ g 152K éargcos(, sind —3, sind)+
+k’slnl‘_’_(_8,sin0-—d.s|nh|
+ k' cos [2(3, sln 00, st "
: vhere ¢ is an anjle of direction in radio station with paecpendiculart
£
: to lines, tnat coanects ontennas.
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when @ = 0, 6, = 6, = 86 = 2¢/\ b cos 8, then

2k cos gsin(d sindy) + k? sin (28 sin¥y)
+2k cos ycos (3 5in V) + K cos (28 sin'¢y)

/=55 arctg-

If in this case¢=:%and ¢ = w, then ve will obtain the vilue of the

maximum deviation

—2k sind 4 k?sin 23
— J2kcosd 4 k?cos?d

[fluare = %;arc tg
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Fig. 5.9. Nependence of the maximum errors of system vith the cyclic

neasurement of phase from the scparation of system (with x = 0.5).

Page 260,

At the lovw Vvalues of k and 6 = 0 error function of paase radio
direction finlar 5f two motiorlcss antennas approximately corresponds
to system of two spaced antennas of amplitude radio 3iraztion finder

(5.19).

Under actuyal conditions for the antenna system of ralio 3

direction finder, operate the return emitters, arranja/l>cated in

di fferant directisdons also at different distances from by the antenni .
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of systen.

Suscaptibility by the antenna of the system of radio direction

finder to the effect of return emitters it is possibla t>

characterize by ®2an square error 9« or idle time by mean error A
from the 2ffect >f tnhe return emitters, evenly arrange/located arouni

by the antenna of systen.

It is assumel that of return ewmitters the field E,, coincides in
the phase with ground field E in center as the antenna of systenm ani

has the constant intensity/strength,

==E§4=OJ. if the return emitter, arrange/locatad at an

vhich is characterizad by
relation k

angle ¢, to the direction of ground field, creates eorcor A, then

2 ars L
E:,?__—_i'”_gwcf. NB=-% (181db.  (528)
] 0

Lat us calculate %% for by the antenna of the systan,

equivalent to two spaced antennas with saparation 2b at wiose reading

of beariny is realized on the minimum of directional chiracteristic.

We will use for calculation A by foraula (5.20). Let us dasignate

2¢/\ = m. Then with ¢ = 0
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—a

= (7%r)sm‘nwsmv)d%

"‘OL’-;

mb

N'l

(_l‘_ (1 — 7, (2mb)). (5.29)

With X

]
(=]
[ ]
-

Vimb

o = [ 0,1-57,3 V'l J (2mb)]_-‘-—05/_r:~j:(2_ﬂlb-) 1eg-

Page 261.

Por the ant2ana system with cosinusoidal directional

characteristic, which has

Jo(2mb) =1 — (ﬂ)l
2xb . ’
S<! and 2

< Togsy = 4'05',

Relation of the m2an sguare errors of the larger-base ani

cosinusoilal systaas

ouw _ VIZT, (2mb)

Cun mb

(5.30)

|
3
|
g
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Or Fig., 5.1), are yiven to the dependonce~f§r on the separation

% of antennas for a radio direction finder of two spacel aitennas with

the reading of bz2aring on the minimum (curved 1), and alsd of two ;

diverse coaxial framework (curved 2).
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~ Fige 5.10. Denaaiance 2f the root mean sjuare values of local errors

i

from the separation of the antepnas: 1 - for two spac2j antennas; 2 - H
for tvo Jiverse framework; 3 - for a system with the zyclic

measurz2ment of paase.

Page 262.

: FProm Fig. 5.10, it is evident that with an increase in the
- separation of antennas to 2b = (3-4) X the mean squar2 2ccocr O,
decreases 10 - 15 times in comparison with errof ou for 5y the

antenna of systez with the cosinusoidal characteristic of

k
¥
¥
:
14
&
3
£
i
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directivity. With a further increase in the separation owx it

decreasas more slowly and with 2b = 10 M\ it decreases 2 mare times.

If one coansilers that the large minor lobes, which there ace at
the radiat ion pattern of two spaced antennas when 2b/x > 1, in =
reality are suppr2ssed in systen with acute/sharp dire2stisnal
characteristic, then in system with large separation a decrease in

the errors due td return emitters must be larger than ia Pig. 5.10.

Por a radio direction finder with tae cyclic measuc2zent of
phase in high frajuency, the calculation of mean square error froms
the effect of the return emitters, evenly arrange/locatel around by
the antenna of system, is difficult. For calculation ille time of

mean error ve vwill use expression (5.27)

L]

B = o ey S |cos by (25 sin i,_,—) d,. (5.31)
H
Let us replace of variable 26ﬂn%}=;: fl

?

P4

~ _ 2kcory (. 2k
An—‘;-].—,.’ ;J,(.\')ldx:—“:r:ﬂ- {[1 —17/4(28)]] +

(]

+2 ,Z.(“ LA AL (5.32)

Since J,(x) - sign-changing function, i1ntegratis>a i3 conducted
1

between values §, by corresponding n to zero Jy(xj. 5en2aral solution
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is equal to the sup of the indicated particular intejcals. With small

; 5
1-=14(28) = 0*

and

By =2 kcosy, (5.32)

vhich coincides with formula for two spaced antennas with a spall

separation of antannase.

Page 263.

To Pigs 5.12 {curved 3) are plotted/applied also obtzined by

pumerical integration of the rclation of the mean squar2 2trors of
A systems with the syclic measurement of the pncse ia high frequency

and cosinusoidal derending on separation 2b/h {5.12].

_— e b .

It is possible to obtain expression for an error o« for a radio
direct'ion finder with the reading of bearing from maxiacs, if ve, lor
example, to assums2 that the radiation pattern of antenna system has
one lug/lobe waith a width of Bg,s during a decrease in th2 pover Of

signal 2 tinmes [5.12].

A
!
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- B S
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FPig. 5.11, dependance 2f the root mean sjuare values of lbcal errors

by the single-lob2 antanna of system from the width >f luj/lobe and

separation of art2nnas.

Key: {1). ®idth i1 the degrees of major lobe during a decrease in the

power 2 “ines.

Page 2€4.
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Within th2 limits of lug/lobe, accepted expression for

directional charasteristice
F@)=sin (5.

of the outside liwits of lug/lobe of characteristic are assumed zero

values.

Mean square arror will be

ou=1,458!%, 1leg

0.5'

where By,s 1s expressed in radians.

Tc Fig. 5.11, is given the dependence "~ on tha wiith of
lug/lobe By, s« O1 the axis of abscissas, are plotted/applied also the
approximate valuss of ratio 2b/x, designed from the issuaption that

the lug/lobe 5f jirectional characteristic is createi >y tvo spaced

ant.nnas.

o

Se s Types of return emi:ters.
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In §5 5.5 a1l 5.5 it is examined the effecc of the return

esmitters of two types:

~ analogous to antennas, i.e., the a2longatel emittacs in which
one siza/3limension many times is be greater the size/dimensions of

section;

~ in the fora of duct-framework from wires (lock2l 1ict, open

circuit).

drvarse-2xcitar can it is located on very close distance from by
the antznna of th2 system of radio direction finder, for example
under conditions 2f ship and aircraft, and at large 1istances - undet
conditions of th> ground-tased installation of radio direzction
finder. Tne meth>l of the examination of antennas is different for
both cases. In the first case it is necessary to procaz2l from the
near fiell of ant2nna taking into account induction field. In the

second case affects only the radiation field.

Page 265,
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The action of inversely-radiating circuit (framewnik) can be

observed aboard saip and on aircraft, and also in ground-based radio

#i direction find2r. In § S.6 it is examined the effect of duct in ship

Ei radio direction finder. It is assumed, that the size/iiaeasions of

3 duct are less than the wavelength. If the size/dimensions of duct are 7
5! commensurable vith wavelength and it is more than it, thei the effect 3
v, of this Juct can be considered as cumulative effect of its sides ;ﬁ
v [5.10]. g
| To azcount €>r the effect of the conducting objert/subijects, all

"

three size/dimensions of which of one order are commensucable with 2
vavelength (metallic installations, mountains, buildinjs), one ought -
not to have solvel the problexs of wave diffraction for the different

cases of practice. These gquestions are insufficiently ia2valoped. In §

S«7 is jiven only on? suwch case - application/use of th=2ory of

diffraction on ta2 calculation of the deviation, caused by the

metallic body of ship and aircraft.

55« Actior of tn2 antenna, located near radio direction finder.

Antanna is arranja/located in i1mmediate proximity of radio iirection

finder.
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To the framework of radio direction finder at an anjle of p the

! ’H

center-liane plana of ship, apprvaches the electromagnetic wave with

the intensity/strangth of electric field E and with normal

polarization.

Mgt e

At ca2rtain distance from the framevork, is arranja2/licated the

St TS
[ 2

vartical inverse-exiter A. The angle between the direction
"framework-antarna" anmd the center-line plane of ship let us

designate by ¢ (Fig. 5.5).

Earlier w2 w2re obtained for the deviation, caused by return

emitter, expressions (5.14) ia the case vhen thele is coapensation

for antenna effectc !, ard {5.11) in the case vhen the znmpemsation

for antenna effects is absent.

POOTNOTE 1, The 2ffect of compensative antenna (§ 7.12) it is not

1 considerel. ENDFOOTNOTE.

For inverse-2xiter, which is the nondirectional systa2m,

FBo ¢)=F (N, $o)=1, Ron =14, Zox-=24.9,s=0.
=9, 4Pt - d (1 — cos¢,).
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Page 26€.

From (5.3) it follows that
ah,
k= T.—const

indeoandent of p and 9. Therefore formulas (5.11) anl (5.14) retain

their form without any changes.

Frow (5.14) followe that

sinf = k cos ¢ cos y sin g — k cos ¢ sin+y cosg.

Let #» 1oes a>t depend on q.
For small dsviations we replace sin £ on f:
[=B sin g+ Ccos g, v (5.33)
where B=kcos ¢ cosyp, C=—Kkcos¢ siny.
Thus vwhen ia radio direction tfinder is compensation for antenna
effects or the field of antenna coincides in phase wita jround field,

the vertizal invacrse-exiter creates the semicircular deviation with

coefficients 8 and C

Tha siygns of the coefficients depend on . i.e. on the location
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of antenra relative to the framework.

The signs of coefficients B and ¢ are representei on Figu

5. 12.

When in radi» direction finder there is no equipm2nt/device for

. . the conpensatior for antenna effects, deviation is Jetermined by
iy

£ formula (5.10),

=¥

£,

.- The representation of how changes in this case daviation

dependinyg on the -haracter of antenna resistance, gives Pig. 5.13a.
on it is depicted dependence of f on p for different valuz2s ¢, from 0

to 1309 when k=05, w-o,¢ﬁ4m,0(compensation tor antenna affects it is

[P 1

absent). On Pij. 5.13b, is giver dupendence of £ on p for km(j, =0,
vhen d.z*ance d = 0.5x and ¢, it varies from =180 to +180°, also when
the compensation for the antenna of effects. On fijure ace
plotted/appiied iaclined straight lines, q = p - £, s> thit is

visible dependenz2 of £ on (.

If w2 examin2 dependence of f on ¢, then sometimes from curved

(Fige 5.13h) for the determined values of g and ¢, is dbtained two

values f,
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: Pig. S.12. Signs >f ¢he coefficients B and C vitys tae different
locations of invarse-exiter, 3
i
Key: {1). Noses (2). Framework. (3). Forages. §
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X
! Page 267. s
|
ﬁ %
{ |
l This frequently i3 encountered in practice when is datarcnined ;
' deviation f depealiny on qg. #ultiformity f uisappears, if ve examine :
-1
dependence of £ on p. !
. i
i Fram Fige 5.713a, it follows that if we lisregard iazrement for a E|

field from invars2-exiter (case of medium-frequency vaves or very
close antznna location to by antenna to the system of cadio direction

fina>r), then with small detunings of antenna, vwhen thz2 raactance of

-
2
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antenna it is small and ¢, = 0, deviation it reaches maxiaum values

(to 30° with g = 90° ard q =270°, i.e., has seai-circular law from

q.
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the antenna effects is absent,: a)k = 0.5;

0. 5;
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With an increase in the detuning ot the inverse-exciter the law
governingy daviation changes for large aismatches of antenna, when o,
x90°, deviation 1as maximum a value [fuwe=8" with q = 43, 135, 225

and 315°. the lav governing deviations becomes one fourth from gq.

Prom Fige S5.13b, it follows that if we consider incra2ment for
the field of ra2rajiation, then deviation reaches maximum 309 with
certain d2tuning >f the inverse-exciter. The laws govaraing deviation
for cas> Fig. 5.13b are obtained more complex than for case Fiqg.

5. 13a.:

In order to judge the effect of the inverse-excitar it is
necessary to know, as they chavge with k ana ¢ depending on the site
of installation >f the framework of radio direction finlac, and also
on the relaticnship/ratio of the frequency of directian finding and

natural freguency of antenrna.

Let us examize first as they change with k and # depending on
the arrangement/permutation of the framework of radis direction
finder relativa t> the inverse-exciter. Por this, it is necessary to
find expr2ssion for electromagynetic field on close distanze fror the
inverse~exciter. P. A. Ryazin [5.7] designed the fiell, :-ceated by
rectilinear antenna of ncar zonc as sus 5f fields froa elementary

radiation currents, under the assumption that the currcaat
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distribution alonj the antenna is sinusoidale

In our a2xamiziation we assume that the reactance of antenna is
ejual to z2r0. This corresponds to suck frejuency at «aiza aloang the
length |, of th2 grounded antenna is placed the o0dd number of

quarter-vave lengths ji.e. h::znr'z, vhare n any whol=,

Expression for the which interssts us in the case of

reception/procedure t> the tramevork magnetic intensity from the

vertical vire antenna by length I.::Q":“z obtained ia 5.7) in the
folloving form:

. 1201, E m — ]9y 4 Q.)'

Hou = (27_—]‘);?.—, cos [“2‘ (rl rn);‘e

{5.34)

moreover #d,5 = 0, ¢35 ~ @30 = Mm/2 (ry4ry), 930 depends 2n n, where r is
I -

a distance froa tire framework to antenna on pespendiculic to antenna;
rs - a iistance from the framevork to the top of antenna;

re = a distance from the framevork to the imaga of the top of

antenna:

Rs = the effective resistance of antenna,

Page 2693.
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The amplituda of field component, cophasal vwith txe field of

transmittar, is laterzined by the expression
' 120{,E
H'ox= = yarer o8 [ T (s — r)] cos, (5.35)
vher?

P=Pa-F 00 — 5 (fa 1)

2= 2% recsy . (5.36)

L2t us examile two cases, that are of yreatest practical

interest.

}

1. Along tha2 length of antenna, is placed quartar wavelength,

ine., [,= . Por this antenna
a 4 "

Ry=366 S, m=T =7

From forrulas (5.35) and (5.36) follows that

H’on =104E i"— cos [% (L.TTT’L) ] cos @,

vhence

k=gt =104 3t cos |- (27=)) e

TN T A

e it med b e e 1wk od ik B san as B A b Al atet a oy

e v A i wie ke L .
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tor
) in this czse
" L] Pe+rn
Pp=7 H ?=9.+5"‘§‘(T)° (5.38)
% Page 270.
gf . 2. MonJg th2 length of antenna, are placed three gquarter
E: Yo ) 3 - k
= wavelengths, i.e., fa= 72 In this caseRa= 75 2ohn, "l=:%1. From
formulas (5.39) 31d 5.36) follows that
, s Inf re—ra \’
y H' 0w ==0,230E - - cos {?\— i )J cos P,
! whence
| ¢ —len 0,930 to cos | 2 (Lo 200 | (9.39)
= k="3*==0230 Z-cos | - { —or " ) |+
where

e

The maximum valucs kK feor the different locations of the

framevork of radis Jdirection finder relative to the invacse-exciter

1
3
3
i
3
%3
i
‘§
i
a
g
1
:
:i
|
!
i
!
i
|
]
1

E




Ay

DOC = 77223213 PAGE o~ (Y (,

are depicted on Pig. %.14a, when [.::%1. and on Pig. 5. 14b wvhen
ly= 74

Fige 5.14, are shown also for the different placas »>E
arrangement/perautation by the antenna of the system of the value of
paximur deviation fuaxe = ArC sin k when ¢ = 0, when & = 0 value of
deviation they will be smaller. With @ =(w/2)f = 0 ani (g)uuc = k.
These curves it is passible to use during the site of installation of
radio dir2ction finder aboard ship. From curves it follows that the
deviation decreas>~ with the 1ift of the framework apdv2 the hull cf
ship. For a dacrease in the effect of the mest of ship, it is
expedient to asseable the framework on tahe top of mast »a the line of
the syrmetry of »iast. As thils follows from the curves Fig. 5.14, for

equidistances between the framework and the antenna whaa [,= 71 of

NN

. . 1
error, it is less than vhen 1.::71,

Let us daterain> the effect >f the detuning of the natural
frequency of antenna relative to the frequency of dira2zti>n finding 3

on an fxaaple of the shorv anterna which is tvned to a fraquency o,

by supplementary reactive cell/elaments.
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Pig. 5.14. Pffect of the secondary field of the grounla2d wvwire in the

vertical
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k=t luae- & 0% Nk =03

]“" [ b AR
f) k =05, fuane & 30% E =028 [ e I0m
Nk w0AS, [, 8 26,0 NRald L b
Ol =0 [y e o265 N L N Y I3
5 k=035, M e % 0.5% mk=0 Imane =0

6) k'=0.330. [ ane & 10.5%

Key: (1). Haightrsaltitude of the framework above the nain deck

(2). Distance from conductor on deck

Page 272.

In this casa, #, ¢+ w3 = 0, i.e., the radio direction finlar works

average/rean and long waves.

Let us desiynate:

Z.==£;l+;x. < the complete active and reactance >f aatenna

circult;
— g 7 .
zl"V/Riﬁ'X, - modulus of resistance Za

on the bhasis (5.3), for the inverse-exciter

ha he ’ w7
E%=2%=£T&~]; =Kk

on
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vhere a is the ciafficient of proportionalitya

If ore assuaas that h, does not change with freguency, then
dependences k' anil k" oun %} will coincile with depenilenca2s for
antenna circuit % and ");("i" on relation‘%s % These 3izrandences
represcnt2d on Fij 5.15. The sharpness of curves is detersined by

quality of antenna circuit. From Fig. 5.15, it follows taat the

greatest values >f the coefficients of semicircular iaviation and

are

the

diffuscness of the minimum are obtained, when the natural frejuency

of antenna is clase to the fregyuency of direction finlinj.

2. Antenna is arrange/located at a great distance froa ralio

direction finder.

Let us examile the action of the vertical grounia2l antenna,
arrange/located at a yrcat distance from by the antenna >f systen

radio diraction findere.




Fige 9S.15. Depend2nce of the field of reradiation on th2 letuning of

antenna.

Page 2713.

Let th2 vartical radiator have effective height 5, and is

located at a distance r froe the framewcrk of direction finder. The

T

strength of the field of the oriented transmitter let uac lesignate E.

ey

In antenna it is induced by esf

% E._—:Eh‘,
3 E
L 4
!,;' 1'.: - At (ﬁ‘. )
1 where hy= ‘2‘r' is the effective heignt of antanna.

"
: A
4 l.=T. 1
- The juit2 hijh field of reradiation will be, vhen 4 Ino this ;
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. hy== ., E.=E 5, Ra=1366 ou. ohm. ]
Ll
S0 The field of reraliation, created by the Jdistant antenna, vill be
: A

377E = e

- 37714he n 2n A
{‘: ' Eon= Y = TN%S ~0,25—'—E
r'. ! !" k.
‘ or, since 1=y, 3
. E =..’_‘. __Ees __ 1L
. on . Eandk— =" \
L‘ A

The jreatest action of antenna will be, when the phise of the
field of reraldiation in location by the antenna of the system of
radio direction finder coincides with th2 phase of grouwail field
.(transmitter) or liffers from it in phase to 1809; in this case

maximum deviatioa is dotermined by the formula

fnno=k=-£;- ra,ct/ (5.40)

On the basis of tip permissible deviation into 19, froc (5.40) we -'[..

ha ve

]
fpuuc“gl?‘. T.<'Sl7" o1 r» ~ 80,
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Thus, so that tne deviation from the vertical quarter-wave
grounded antenna ioes not exceed 19, the distance of the vertical
wire antenna from the framevork of radio direction fianlac must be 50

(and more) times 5>f the more height of the vertical wire antenna.

Page 274,

Th2 maxiaum 3leviation, produced by the effect of the horizontal
vire, suspend/hung from heightsaltitude h at a distanc2 ¢ €from by the
antenna of th2 systes of radio direction finder, ic deterained fronm
the formula

,""}T'

So that the arror does not exceed 19, it is necessacy to fulfill

requiremeat g} £ 0.02 0or £ 3 74/ \he

Thus, for instance, for a wave x = 100 m at the hr12ijatyzaltitude
of the supports 2f the suspension of wire h = 10 m for th2 limitation

of error by value of 1° must ve made condition r > 7 o/ 1030 or r >

4 7
250 e
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i . Se.6. Action of inversely-radiating framework.

. The irversely-radiating framevork fregquently calls Lyop. The
| framework of radio> direction finder with size/disensions, nmuch
smaller than the wavelength, it is located within the :

o inverscly-radiatiag framework (Fig. 5.%6). For deteraiainjy the effect

SO

of the inversely-radiating framework, we proceed froe (5.3), where lay
is the 2ffective 1eijh*t of the inversely-radiating frcasework. In the

general rase the action of the framevork of the equivalently two

i spaced anternas.

If the size/limensions of the inversely-radiating framevork are
small in compariso>n with wavelength and the direction-finiing

framework is arranje/located in the center of the inversely-radiating

framework, then

F (hg o) =05 (p — ) =cos e, aF (0, =52,

vhere M, is maxisum nutual inductance Lbetween the dictection-finding

and inversely-raliating framevorks

hy - tha effective height of the direction-finding Eramework.
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Key: (1). The loajitudinal axis of the ship. (2). Direction finder is -
1; the frarevorke {3). LOOp. -
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Q
B

(5.3) aad (5.4) ve have

he

o ® b
k= “‘;‘111’:‘0- COS Yy == M COS Yoo P==F\ = s (5.41)
omflp

vhere
OMuphog
m== anlll.

Ir ti1e case in gquestion the resistor/resistance of

i
|
i
h
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PAGE 42 t.{cm

inversely-radiating framevork must be predominantly eitha2c inductive

or capacitive, i.2.,

Zon= ti‘\’ml'

Therefore fiell E,, coiucides in phase vith field E of transamitter.

Utilizing expressions (5. 14)and (S5.41), and also taking into

account that vith the reading of bearing 0 = q, p = 3 ¢ f, ve nbhtain

the expression, which conmects bearing deviation f witi q and ¢

sinf = mcos(q ~¢—f)sin(g —¢),

vhence

m ]
TEm sin 2(¢ — ¥}

in2(qg — V)
g f= m s_ — = . (5.42)
(24 m)—mcos2(qg—¥) "'Qchmﬂq’*’
Let us replaze g—y=gq, i.e. let us select as the ref2rence point

of bearing not longitudinal axis of ship, but the projection of the

inversely-radiatiny framework on the bedy of ship or aiccraft.

'N.Pn
2—+”—l’;lln24.
tgf= m
l—2+mcos2q.
Let us desigirate T _=—=0D, (5.43)
TEm
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whence
__ Dsinlq,
Bl =D (5.44)
Page 275,

Expanding equation (5.44) in Fourier series, we hava for the low

values of f

f=Dsin 29,4 D'sin 2q,cos 2¢, ... =

=Dsin2g, + Ksin4g, 4 ..., (5.45)
wvhere
K="2. (5.46)
In forrulas (5.43) - (5.46) D and K are expressed in r2iians.

Let us find from (5.45) expression for £ at different ¢. Ify=0,
i.e., ar inversely-radiating framework is arrange/located along the
longituiinal axis >f suip (aircraft), then q, = g and 2guation (5.45)
will take the fore:

f=Dsin2¢ 4 Ksind4g ... (5.45)
Thus, an invarsely-radiating frames>rk, ariange/located along

the lonjyitudinal axis of ship or aircraft, in the plane, vhich

v bk s o, v e AL 8 e s M LA T 4 B e a5 e, MM
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contains the axis of the direction-finding framework, cr2ates
quadrantal and octant deviatior,
\=90°
When N i.?., an inversely-radiating framework is
arrange/locatel parpendicularly to> the longitudinal axis >f ship and
its plane contains the axi. of the direction-finding fcaaz2vork, from

(5.45) we will obtain:

f==Dsin (29 + 180°) 4 Ksin (4¢ +- 360°) 4- ... ==
= —Dsin29 + Ksin4q... {(5.47)

When ¢ is agual to any angle, then

f = Dsin (29 4 2¢) + K sin (4g - 4¢) =D cos 2¢ sin 29 +-
+ D sin 2¢ cos 29 - K cos 4¢ sin 4y -+ K sin 44 cos 4g=
=D, sin2g 4 Ecos 29 4 K,sin4¢g+ L cos4g ..., (5.48)

vhere

D,=Dcos2y; K,=Kcos4y; E=Dsin2¢, L=Ksindy.

Thus, ar invarsely-radiating framewdork at any angla ¢ to the
lonyitulinal axis of sanip (aircratft) with the plane, passing through
the axis of the direction-finding framework, creates th2 leviation of

forn (5.43), i.2., to one fourth and octant law.

Page 277.
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It is possible to show that an inversely-radiatiag fcamework,
displaczd with raspect to the rotational axis of the
direction-finding framework, produces tha deviation of farm (5.48)
and, furthermore, constant the depending on wavelength cozponent of

deviation (coefficient i) [1.6).

Prom formulas (5.41) and (5.42) it is possible to datermine the
law of a change in the deviation with fraquency. PFor tais, it is
neressary to d2ta2criine & change in the resistor/resistanz: of an

A

iniersely-radiatinq framework with frequency.

An invers2ly-radiating frawmework can be locked anl that which
was extanlod. In its €irst case they call the inductive or locked

duct, in the second case - by the capacitive or open ciccuit.

The resistor/resistance of inductive duct for the fra2guencies
smaller than its oswn, it is inductive. 0f capacitive duct for the
frequencies smaller than its own, the resistor/resistaicz of duct has
capacitiva character, for the frequencies, greater than its own,

inductive charactar,

The sign of the coefficients of deviation depenids 31 that, is
arrange/located the Jirection-finding framework within duct or

outsid,m it.
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From the analysis of formulas (S5.4%) amd (5.42) it is possible

to make fallowinjy conclusions.

1. At natural frequency of inversely~-radiating frasedork, and

also at othar fr2juencies vhen X, =0,inversely-tadiating framewvork does

not creata deviation, but is produced diffuseness of bearing.

2. 2f capacitive duct at frejuencies snmaller than its own, for

direction-finding framework within duct, coefficients >f leviation D

and E are positiv2 and with decrease in frequency decreasa,

for certain limit.

striving

For tle frejaencies of the direction finding, larje their own,

and for the same coniditions coefficients D and F are negative and

vith an increase in the frequency decrease, striving farc

ZernNa.

3. 0f inductive duct at frequencies smaller than its own,

for dirsction-finlingy iframework within duct coefficients

2 and

and

£ have

minus sSign anl with decrease in frequency decrease, striving for

constant limit.
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& 4. Coefficients of quadrantal deviation D and E for #aves of
'%'; ditvection finding, close to their own wave of duct, have t«D> maximuas

o , (positive and nejative), -
Y ' 3
. 3
I 5) For after bzcoming the arrangement/permutations of the
direction-finding framework of outside the field inversz2ly-radiating
i

: circuit the sigyns of deviation, stipulated in p. 2 and 3, they chanye

by reverse/inverss.

Tablz 5.7 gives the signs of the coz2fficients of ta3 fourth
deviation D and E for the freyuencies of the direction finding @

smaller than the natural freguency inversely-radiatinjy circuit.

£ ]

ig (Ebr the frejuencies of the direction finding, larjs >f ttre
natural frequency of duct, the coefficients of deviation > and E have

opposite signs.

5«7. Deviation cassed by the hull of ship.




poc = 772232W4 PAGE 27 50'

A Liiintii, auihil

In worx 75.3)] is found the expression for a sec?ilacy field in

MU

any point under tare influence of external electromagnetic sex/floor

v
Er e
%
3
i

*
£

on the jdeally conducting sewicylinder of infinite length, which lies

"

on the ideally coaaducting surface,

M

1.
oX A

o . . . . .

- We will pays2 on the case of radiovave Propagation in horizontal 3
¥ .
. plane (B = 0). -
&




! bt

L vy
TUAR

.“t.l v >

A i IR

‘))"’ :f; Ziw?

Ut

>

pOC = 77223214 PAGE " 4 5

Table 5.1, Signs 3f the coefficients of the quadrantal iaviation D

and PF.

o) @' i raven

HATOANTCR

Nepantep 00pITHO-NIRYAAMULCA DIMKN W MECTH &0 pAL IO | ) ' -
AOme R | L' 1 q z
bR .
. > = ] v &
1 a0 1 = =
i & x ‘ o -~
"\ kv\ . :
ol : 1 . |
devinanun D v [poaoacuu’t kontyn ;’.mn\mn.\'rwl Vo4 —
. (N A Zamkuyrian L o~ |+
Nonepeneni kontyp UPnauuxnyrmﬁ -+
| - - - - -
! (o 3aMKNYTR ! ;
o . :
7 S I ) i
Aenmanun B ‘}ﬂ(nur_\'p n Dol xeans o Pasowkaytiil 0 — | 4
panTax Javkinn i —
(Konryp so 1l o IV xsan. G Prsomniy i | + =
| paitax 1t JaMKHY Tt - 1+

| 1 | |

Key: (1) . Character of inversely-radiating framevwork ani its
location. (2). Th2 direction-finding framework is located., (3;.

within Just. (4). dutside duct. (5). Deviation. (6). Longyitudinal

duct. (7). Extendad. {8). Locked. (9). Transverse duct., (10). Duct in

I and ITI quadrants. (11). Duct in IT and IV quadrants.

Page 279.

We will designate: pg - raciuas of cylinder; p is a3 iistance of
observatison point from the certer oz cylinder; H. - 1agietic
component of normal-pola ized electromaynetic field of trarsmitter;

Ho is the field at any point, obtained as a res of diffraction;

H,

[)

V.
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E: . the angle hetweean direction of propagation and the axis of
R
¥ semicylinder; q - the angle betveen the lirection 5f the resulting
? ' field and by the axis of semicylinder.
e
._'\:‘1 B
1
= In work is assumed, that p/x § 1 and py/x £ 1.
i?.
o Expressions for field cumponents Hy above the apex/vartex of
¢
* semicylinier (Z axis is directed along the axis of senicylinder) it
» .,
. takes the form: =
_ . H¢=~ —2H, sinp,
r ]
\ H'=n—2HmlL+(?>]cmp, (5.49)
H,=0.
i

L Ye.

Expressions for tie coamporents iy above the plane of tue

semicylirder:

?

Hy=—2Hpsinp, H_ ===2H,, [1 —(ﬁ')'J cos p,
H,=0, (9.50)

Signs (+) and (-) are taken depenling on that, wvhere is located

observation point - in front of semicylinder or from behind it.

From (5.49) it fiollows that above the apex/vertax >f the

semicyliniler

Py

gg="7= tg p=atgp, (5.51)

' a4 (f_‘)’ ) .

-
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vhere | ('_52)
a= 5.
pe\"
'+(P) :
Page 280.

Dependenz2 (5.51) corresponds to bearing error (4.16). Tharefore

| —a

§

3 TFetin ] . ‘

: tgf = f= ——; =Dsin2+ Ksindg4-.... (5.53) ;

: l—‘+acos2q |
Er‘j vhere
E L3 ‘l l
g i ?

j _l-—a _D !
by D=1 v K==, (5.54) |
; J In (5.54) the co2fficients of deviation D and K, are sxpr2ssed in
£
oo radians,
o8
o
; . At tae low values of D, the deviation wvears purely one fourtn
!
v character and is expressed
F=Dsin 2q.
3 If we desigaate . : , ‘
¢ =, (5.55) |
. <
. then, substitutingy (5.52) in (5.54) and taking into account (5.59),
% ve ohtain
:E m? I
E D=7 (5.56) )

Thus, the cd3vductingy semicylinder of infinite length in the
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points, waich correspond to its apex/vertex, produces the deviation

of the form

mt
2—'-—-+ m sin 2g

Wi=——pi : (5.57)
t—gFmend

——

Differentiating equation (5.57} for q, we obtain

mt me {

fuane=arcig —mer o~ TiET (5.58)

The angle Juares, w#hich corresponds to deviation [ ..., 18 @xpressed

as

1
me i

24 mr (5'59) - l

Tuano =$~arc cos
Page 281.

Pield, creatad by the metallic hull of ship on l>n3 vaves, on

its action in the first approximation, of the apaiogous with the

field infinitely lony sericylinder of which po/X << 1 and p/x << 1.

{values of p/x = 0.3 and pg/% = 0.3 in given formulas are valid with

an accuracy t> 53/0). Therefore for the deviation, caus2l by the

metalliz aull »>f ship, which are found on water, is corret

expression (5.57).

When the dirsction-finding framework is astablisa/iastalled on
the centerlina of ship directly on deck, then m = 1. In other cases a

radius of ship py one should exprass by width and height/altitude of

" & o <7y

. N il L
ca e e mermawe s R -z
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ship. Let us dasijnate the width of ship in the site of iastallation

of the dicrectior finder by B and overall height of ship (froma the

upper deck to keel) by He Approximately it is possibls t> accept for
P value

a4
Po=—3""

Por the calcialation of deviation, it is necessary to know thne
heightsaltitude of the installation of the framework >f the direction

finder ahove the upper deck. Let us desitnate it by h. Tbhen for m onz

should vwrite

Bty (5.60)

Prom formulas (5.58) and (5.60) follows that for - decrease in
the deviation, praoduced by the hull of ship (aircraft), it is
expedient to risa the framework of direction finder as possible above

above the hull of ship (aircraft).

Deviation from the hull of ship (aircraft) chanjas vwith a change
in the wave. Jnly for the average/aean and long waves, which exceed
the lengyth ot housiny 10-15 times, deviation can be considered
independent of wavelength and it it is possible to compute according
to formula (5.58). For shorter waves the deviation incraises at

first, than it dacreases.
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The 2xamined case of diffraction from seaicylindac uader
terrestrial conditions approximately corresponds to the installation
of radio 3irection finder at the flat/plane apex/vertex >f the

elongated elevation.

Page 282.

S5« 8. Deviation of ship and aircraft radio direction finder.

As this follows from §5.5-5.7, the metal hull of ship
(aircraft), and also any installations {(antenna, masts, bridges,
tubes, tha2 locked ducts from delays with masts, etc.) aboard ship
(aircraft) creates the fields of reradiation, the calliny evtrors and

the diffuseness >f bearing.

IJn tae constant/invariable position of object/subjects around
external equipment fdevice of direction finder, the dzviation also
rewains constant/invariable and it they consider vith the use of

radio direction finder. Deviation depends on wavelength.

Radio> beam deviation £ determines experimentally f£oc the

radio-course angla2g of  from 0° to 3609 and depict in tha form of

[
P ﬂ:.‘:nﬁ

e,

P

et
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curve. The curve of radio beam deviation can be expani2i in PFourier

series, is analogous with curved compass error:

f=A+4Bsing+ Ccosqg+Dsin2g - Ecos2g +
- Ksindg 4+ Lcosdg {-...,

where A - the cosfficient deviation coanstant
| 2
0
B and C - the coefficients of the semicircular deviation
. -
B=;‘s‘[squq H C=;$[cosqdq, I
¢ f {
D and F - the coefficients of one fourth deviation

=,'T§fsin2qdqu E=—jffcos24dq' l

K and L - the coafficients of octant deviation

K=:T5fsin4qdqu L=,';'gfcos4qdq-/ ‘

0

Page 283,
For explaining the reasons, callirg the appearanca >f different
coefficients of laviation, we proceed of the action a2xamined above of

separate 2mitt2rs (antenna, the framework) on direction tinding.

Ore should 1istinjuish installation aboard the ship (aircraft)

of the radio direstion finder of mediue-frejuency waves aid radio
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direction finder of short and ultra short vaves.

On medium-fraquency waves the deviation bears predd>minantly one
fourth character. It is caused mainly by metal housing anal it is
little affectel with a change in the wave., For a decrease in the
deviation, it is necessary the antenna system of radio lirection

finder to Tise absve the hull of ship.

0On saort and) ultra short waves curved deviations do not have
this regular character as on mediun-frequency waves. Sreitest effect
have antenna-l:ik2 installations, especially with the siza2/dimensions,
close to 1/4Xx anl 3/4X. Lav and the value of deviation due to then
depend on wave; therefore law and the value of deviatiosn change with
vave. For judjingy about deviation on these waves, cne 5h2al1ld proceed
from the account 2f the closest antenna-iike installati’>as (masts,
tubes, bridges, 2tc.) (see the curves of Fig. 5S.14); it is necessary
as far as possibla to drive out from them the framework of radio
direction finder aup to this distance so as to briny 3aviation to the
pecmissible valua. This is achieved in the best vay by
arrangement /pecasutation by the antenna of the system 3> :cadio

direction finler 5n the top of the mast of ship.

On madiua-frajyuency wvaves usually it is possible to indicate tha

reasons for th2 ajrpearance of different coefficients of deviationa
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t. &, coeffizient deviation constant,, does not i2pand on
direction of iacoeing siqgnal. It appears, it the indicator of the
reading of bhearing is establish/installed erroneously >r in the
presence 2f the ducts whose planes straddle of the framework of
direction finder. If A is caused by last/latter reassa, then its
values change with a change in the wave. This case aboari ship
(aircraft) corresponds to the installation of the framework not along
the eiectrical axis of symmetry. In this case, the frasawd>rk can be
establish/install3d from the centerline of ship, since the centerline

of the symmetry of ship not always does coincide wita its electrical

axis of symmetry.

Page 284,

2. B - coz2ffici2n* of deviation, which is changed with period
2r, i.e., coefficient of semicircular deviation. It is caused by
antenna-like emitter, arrange/located from the nose o2f saip (or

aircraft) (+B) ocr from stern (~-B)

3. C - coefficient of semicircular deviation., Tt is ~aused by
antenna-like ratucn omitters, wvhich are located froa th2 starboard

(-C)or from th2 l2ft side (+C) of ship or aircraft.
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4. D - coefficient of guadrantal deviation. It i3 caused by the
hull of ship (matiallic aircraft, dirigible) or by the longitudinal

and transverse ducts. Signs D are shown in Table 5.1,

5. E -~ coefficient of quadrantal deviation. Is causel by the
or
ducts, arrange/located at an argle of 459 §l14135° to the longitudinal

axis. Signs E ar2 shown in Table 5.1.

6. G and P -~ coefficients of sectant deviation, usuizlly have

very lowv value,

7. K and L -~ coefficients of octant deviation, depeni on D and

E.

As shovwn 2arlier, on the short and ultra short vaves where
affect the phase differences, caused by the distance betwzen the
directional antexra of radio direction finder and retucn 2mitters,
the law of change f from q becomes complicated and usuilly it is not
possible, on the basis of curved deviation, to indicate the reasons

due to which appears the deviation.
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