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__ 1. Introduction ’

One of the basic elements of the aystem, invented by A.S.Popov, of radio recei~
 ver (storm indicator) and transmitter, 13 an antenna, previously made of a long wire

\
i
[}
+
I

- In fact, the use of antennas permitted Popov to sharply increase the sensitivity of

_ the first radio’ receiver, while the developnent of new forms of antennas resulted in

s
o]

B
v

- 8 subsequent increase in the communication range, in his experiments on ships. The l
success of radio commnication across the'ocea.n achieved by Marconi in 1901 is due to
a large extent to the use of a special antenna, highly complex for that period. OneA
can readily understand the exceptional important part played by antennas in estab-

lishing radio commnication, if taking 1nto consideration that the transmitting an-

-— }
temna is that component of a radio station which transforms the energy of high-

frequency currents into energy of radio waves which propagate over the surrounding
=== | i

espace and establish connection with the receiving radio station. Tbe antemna of the ,

Lattar produces a reverse transformation of the energy of the electromagnetic wawve

A——

which actuates it, into energy of hisb—frequency currents. ‘

L3N

.
+

N

- The development of the technique of transmitting and receiving antemmas as wa]ll

as of transmission lines connecting them with transmitters and receivers, p-oceeded
simltaneously with the development of radio technique in general and determined to '
l

& large extent its success and sphere of application. The basic stages of this de-

velopment, during the first 50 years of tﬁe existence of radio are covered in the .

) e

: ! :
compd.htion 50 Years of Padio™. The purpose of this article is to give a short sur-

Jo—

vey of the achievements of Soviet a.ntema tochnique duri.ng the last 10 - 15 yea.rs as

- — e o ———— e

well as to doocribe the achievementa 1n this f:leld 1n other countriea mar tho same |
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_ periocd of time, thus presenting the main features of the present status of sntemns

technique,

It 1s obvious that such a survey cannot be complete; only the most important
trends dstermining the charaster of the dovelopoent in nterna technique will be dis-
cussed, and only a few of the :cre typical examples of achisvement in the field under
reviev vill be given,

Froa the point of view of presentation, it is convenient to subdivide the vari-
ous antennas into the following groupss

a) Antermas for radioc broadcasting stations

b) Television antennas

¢) Antennas for redio networks

d) Antennas used in radar

e) Antenncs for radio astronomy
In eddition to the types of antennas listed above, we also discuss the achiesvements ia
tho field of feedor lines snd in conclusion also the progress made in the theory of
antenna installations,

Antennas for radio broadcasting stations can be subdivided into radio broedcast-

ing antennas of long, medium, short and ultrashort waves,
The main task to be solved in constructing redio broadcasting antennas for the
long-vave range (1100-2000 m) is to obtain a sufficiently high radiation resistance

making it possible for the antemma to pess the nscessary frequency bands vithout dis-

tortion and to radiate high power without voltage overload, In order to increase the
field strength in the areas services by the radio stations, the antemma is often re-
quired to produce directive radiation, Occasionally, it is required to operate ta
the broad band of waves,

The necessity of meeting a vhole series of specifications requires the develop-
ment of new methods of building an antenna able to operate on long radio waves, Ome-
such rethod is to use complex asrial systems msde of free-standing supports (towers)
insulated from the ground, According to this principle, an antenna arrsy of the

P-TS-9076/%  _ 2
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—type shown in Fig.l was built during the period of the Great Patriotic War, consisb-l
2-41!’8 of four towers for a radio broadca.sting station of 1200 kw power. The design £ '
4jJthio antenna was suggested by I..A.Kog,ytin.i Its creators are M.S.Neyman and B.B.
6:'Bz'aude. When all four towers are fed cophasal),,, ‘the antenna ia';xﬁo;ﬂ;e-ci.:_i;;-w i
= directive radiation, two of the towers are fed, while the other two act as passive 5
‘C’ _~ reflectors. Both the active and the pass:l’.vs towers have their own tuning elements. !

12 !

Energy from the transmitter is fed to the a.ntennaa across a coaxial cable, whose 1n-

a per conductor has a diameter of 150 mm (consisting of several 10-mm copper tubes 10-1
N cated along the circumference of a circle Iwith a diameter of 150 mm), while the outer
' - couluctor (seen from the inside) has a dia.meter of 570 mm., To test the operation of

Y
-

the 1:l.ne when tuning to a traveling wave, a reflectometer, recommended by the author

33

"7 of this article and by M.S.Neymau is uaed. This is a device which permits comparing

the amplitudes of the reflected and incident wave and which directly indicates the

" coefficient of the traveling wave. Antennas designed for operation in the 750-1500 n
T wave band have been successfully ased for lrad:lo broadcasting for over ten years. :
As far as medium radio waves (180-550 m) are concerned, no difficulties are ex-
perienced in obtaining sufficiently high v*lues of radiation resistance, due to the |

fact that, with a shortening of the wave t.ho required height of the mast decreases

‘ " (usually by 100 m). = |
b ! !
. The efforts of Soviet specialists were directed toward a possible simplification

of the antenna system for a given range or ba.nd, with the purpose of a further lowar-

S |

ing of the antenna height. An example of the results in this direction is a low cy-.
].indrical antenna, developed during the Last several years urder the guidance of I
r

G.Z.Ayzenberg. It represents a circular cylindrical surface, mde of wires, with a

diameter of 60 and a height of 20 m, on top of which is placed a plate, also made of‘

) w:lres, with a diameter of 120 m. Undemeath the antenna there is a grounding syateu
Il S
cmaisting cf 120 radial ca.blos of 150 m length. Although the resiata.nce of thia

Dt e ——— .

antenna is lower than tbat of a mst of 100 m, ita efficiency is substa.ntia.l]g high-

——— - . — e e P

52 !
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~ep because of the increase in coss section of the surface along which the current
D =

. 'flows in the antenna itself as »=ll as in the part of the grounding system adjoining
/,—
e,—jl, L .
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Dok Fig.l - Antenna of a 2adio Broadcaeting Station, 1200 kw Power :

; |
qu !

" it. The lower current density Za he given eectiona resulte 1n a reduction energy

')1_'-_,

loee in the antenna and particn.ar]y in the ground ‘I'he antenna cablee are comect-‘
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-odtothocmtﬁcfoodoruhiohmamdthemtma Both ends of this feeder'

) |
_'are led out underneath the cylindrical part of the mntemma and are provided with |

4_1 : :
- short-cirocuiting tridges for tuning, The feeder lsading to the transmitter is com-

.'" nected in parallel with the tuned mm&i&‘nm, in order to obtain a traveling
- \fl:" there, i

The antenna of the described type, in vhose development A.M.Model, L.P, Pondm-
‘Xov, and M,A,Sluteker participated, guarantees (by means of retuning) operation ia

.'thovmbmdnuzmto&bn; thomtomeffieiencyinthesoo-nmmbmdiaot

6

th.onlu-of'm. g !
' hwcma,mntmahutonrvieoammgvfrmlmtozown. m

_ main difficulty there lies in the fact that the height required for long waves may ’
22 _| ;

_ be excessive relative to short waves, and will canse & current distribution of the '
24 -

20_.

Acmmtintbmtmofanpitudotodirwtthobasio radiaetion at an angle to
 the ground rather than along it, G,2,Aysenberg and Ye.A.Anfilov designed a broad- ,
band antemna vhich eliminates this difficulty, This antenna is a mast of 250 m !

_f‘hoight, insulated from the ground, with its lowor third surrounded by a screen of
!

Oy,

-t

D
1

uXa)

'_G_o.blec (Fig.2). The current produced on the outer surface of the soreem, together |

" t1on of radistion aleng the earth when oporating cn shorter vaves, thus imparting
..ntimun‘ qualities to the antemna,

Directive radio broadcasting sntemnas in the 180 - 550 m band cams recently h-
toinominguao. Antenna tuning is carried ocut in a pavilion connected vith the | [

|
|
ﬁwithtbocurrentotthoupporpaﬂofthomatandngina,mcunaacmentr.— ;l
i
l
|
|

trmmdttor by means of the feeder, The necessity for such antemnas is especially ;
acute in the USA, vhere many redio brosdcasting staticns are providing service in the
- territory of a single State and mmst, therefore, operate in such a vay as to create

a miniwm of interference wita the reception in other States, vhere radio stations
operate on short wvaves, The mumber of emitters in the form of tower antemnas, used

o

torthhpm-pon,ouotoﬁnhmmm

= Aapodnmmthomtmunudfcrndiomdummahortm
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. special types of ulirashort-wave antennas are used, which must radiate uniformly in

—
[

—
)

)
LK}

e
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|
~ is well to note the improvement of the latter effected by V.D.Kuznetsov, which per-_

!
high sapport 1s necessary to obtain coverage of a larger area in view of the fact
that guaranteed ultrashort-wave reception is only possible within the direct visi-
— [

‘bility range.

' This function is usua.lly taken over by rhombic and horizontal co;hasal antennas., It

The basis for this

|
mitted an increase in the operating frequency range by 1 - 1.5.

improvement is a substitution of the half-wave oscillators by Nadenenko dipoles amd
a change in the feeder system ol the antu"nn. !
In a nurber of countries in Western Em-ope ani America, radio broadcasting on

ultrashort waves (4.10 - 4.55 m band) came into increasing use. In this connectionm,

l
the horizontal plane and focus the emit.ted energy in a horizontal direction. i

Antennas of this type are used for nondirective emitters of,usually, horisoutal

polarization, arranged in several stages at the top of a high support. A rather

|

As nondirective elements, horizontal loops or vertical slot-antemnas;

arranged on the surface of the cylindrical support, are usually used,
!

4
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_" Finally, we have to mention one nev_r type of receiving a.ntenna ueed 1n portable
,,

— medium-wave radio broadcasting receivers, shaped like a small suitcase. In this par-
4 i

- ticular case, it is inconvenient to usa groundi.n,g and conventional antennas, even in
6.1 [ e

;lthe form of a cable eector' therefore, buildere of the receivers in question have
€

- used loop antennas mounted inside the suitca.ee. However, the fact that the receiver
i

operates in the field of the loop causes additiona.l energy losses and lowers the ef-

v
4 ey —

ficiency of the loop, Instead of the conventional receiving loops, loop antennas

";(coile) with a ferromagnetic cere are usecll. As ferromagnetic material, various |
‘( - kinds of ferrite can be used, which have ;mJl losses at high frequency and a
:i—d‘m@ elative permeability (order of' magnitude of tens and even hundreds).

Ferrite is a ferromagnetic semiconductor with a very high resistivity, as a result o

PR~ S Y

)Y

which practically eddy currents are produced which are the main cause of energy:

)t

o b e—

loss in other ferromagnetic materials, Ferrite used for the receiving loop usua.l];
o !
- has the form of a rod (diameter 1 - 2 cm and length 20 - 30 cm) with a single- or
" two-layer winding.

- The success achieved in the field of radio broadcasting antennas is tased on ex~

tensive scientific research and exploratory work. An important role is played here
l
by preliminary research and development - ldone on decimeter and centimeter waves - i
using models of the projected antennas, The wavelength, in these cases, decreases
3o l

1n proportion to the size of the model. Research is being continued on antenna mod-
t
els for radio broadcasting bands, both here and abroad.

: 3. Television Antennas

-— !

Antennas for television transmitters are produced differently in different coun-

|
tries. However, all of them have two basic functions: to permit passage, without

v |

|
5’- distortion, of the wide frequency bands neceesa.ry for good quality of the transmit-

. ted television program, and to transmit, einmlta.neously with the epectrum of the tel-
)

. evieion wavee, the epeetrum of the sound track. The latter requirement necessitatee

i |

— P=TS-9076/Y____ +
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- rather complic;!t_e—d-filters-, which permit -frax-xs:ﬁission to th: a.nten;a- of two difterent

T frequency spectra without interference. _+- e 3 =3
|

; S o=

Al — ‘r- '4 W . e s T l
| T l1’.:i.ng antenna array of the {ype used in the USSR
‘ "I'he main element of the antenna is a flat
!
vibrator of the lstiice type (1), made of

2
j} _ _ i Figure 3 shows a television tra.namib-‘

l
tubular steel., On the first tier there
i

- ' ! are four such vibrators, staggered at ar

= ‘angle of 90°. For the first and second

f

television frequency channels, two tiers
f

are used and for the third to fifth chan-:
|

nel, three tiers. All vibrators are mount-

ed to the vertical steel tube (diameter 58

mz) which accomodates the main and individd
' '
ual coaxial feeders, connected to the cen-

— I
- q6zza ter of the vertical inner rim of each vi-
' |
— brator (point 2). The vibrators of all
|
L : tiers of one semiplane (on one side of the

3:_i !

- main tube) are fed with the same phase.

{

The phase of the feeding voltage in one

[

semiplane is shifted relative to the rhase

|
| of the next semiplane by 90°, which ensuro'
| ! !
nondirectional radiation in the horizontal,

Fig.3 - A Typical Television |

- plane. The shifting of the phases takes
L, Transmitting Antenna ] i
o l1:‘]..ace at the expense of the length of the |

. Teeders (one quarter-wave) which connect the vibrators of the various semiplanes
— |

I

with the principal feeder. ' ‘

The range characteristics of the described television antenna are specific in

A |

va

e
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--that the coefficient of the traveli.ng wave never drops below O. 85 in the frequency

e

1

* |

- band, which amounts to 15 - 20% of the caxiriar wave._ . |
¢

- In connection with the development of television, receiving television antennas |

!

|

!

i

|

{

!

6_1. .

_ came into increasing use. As a rule, a symetric&l or bent vibrator 18 used as an
|

—

o antenna, the vibrator being connected, across a symetrical arrangement (™-elbow™), :
0.—fw1th the coaxial cable leading to the reco:im.

f- —:l In proportion to the distance from t.he transmitter and the weakening of the aig-l
T . nal power, it becomes necessary to complicat.e the antenna, by first adding a reflect'.—I

_-‘or behind the antenna and {hen one or severa.l vibrators known as directors - in tront
jfi_-, of the antenna. i
): A "forest" of television antennas on the roofs of large towns is now very com-
N-_-mon. However, this is not desirable since' it spoils the architecture of the building

and causes distortion of reception due to mutual reflections between the antennas;

LR

s in addition, this is responsible for an irrational usage of high-frequency cables.
= %5 : i '
Therefore, in the new apartment houses in Moscow, arrangements are now being i

‘made for television receiving antennas for collective use. From the high-quality re-l

.. ceiving antenna, which is supplied with a reflector and director, a distributing net-
T :

- work leads to the apartments of the section of the house served by this antenna. ,
— Special intermediate systems are pLaced at the branching points, for obtaining

i

|

- a distribution schedule in the cable near the traveling wave. A system of resist- '

qo_

- a.nces is installed in the sockets of the receiver, which smoothes the oscillations {
|
|

of the signal level in the mains when plugging in the receiver or when shutting it

[)
L

off., Vhen the distances from the television transmitter are short or when the num-

;E:ber of television sets in service is insigfrﬁficant, no amplification of the signals .
:received is necessary; otherwise, a special brcad-band amplifier for television sig-!
J‘—dnals mst be inserted between the antenna ’a.nd the mains. In the Soviet Union, the |
-ﬂsystems of television receiving antennas for collective use were developed by V.De

'~..--_.

o luznet.sov and R.I.Perets (without use of an amplifier) and by S G Ka.lichma.n (with

5o _i

e — e e e |

58
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- a.mplifier)

—W: Besides in the fundamental wax.re band assigned to television (3.0 - 6.5 m), Ssol~
! id steel carriers have been used in recené years for the decimeter band (34 - 64 cm){
o The advantagea of the decimeter band conaist ‘in that the reqﬁiv'ed 'freqﬂu—eﬁ;:—y-ga;dl
is smaller with respact to the carrier; f;r this reason, the requirements on the

broad-band antenna decrease and its construction is simplified. Apart from that,
) I ‘
~ when the vertical dimensions of the antenna are small (but not of its supporting

B pole), a considerable concentration of energy can be obtained in the horizontal pla.né;
- B )

(coefficient of amplification of the order of 25), which results in considerable pow<
er savings of the transmitter. The television antennas for this band are of the

milti-tier system of emitters which give nondirectional radiation in the horizontal

- L. Antennas for Radio Networks

The types of antennas for various forms of radio communication are extremely

B |

numerous. It suffices to mention ‘he antennas of the national short-wave lines of

radio communication - transmitting and receiving antennas, antennas for short-wave
X1 ! 0
stations of regional radio links, antennas for radio-relay lines, antennas for mili-
- !

tary radio stations, antennas for radio stations on ships, and airborne radio net-

[ p—

- works. |

. ] i i
Among the various types of antennas for the national short-wave lines of radio
1) |

commnication, a receiving traveling-wave antenna came into use, in which a large
e !

numbor of symmetric oscillators are connected across small capacitors to a two- or

4 )
.

- |
four-cable feeder, which terminates by absorbing resistance. This antenna is charac~

_'terized by good dirr.ctional qualities and ’a large range, which makes it poss=ible to !
30 '

use only two tywes of antennas for covering a short-wave band (12 - 50 m). The dis-
52—

&

‘

advantage is its low receiving power, due t.o the weak coupling of the vibrators vit.hl

) _the feeder line, Strengtheaing this coupling 13 impossible withéut inpairing the !
oo . =

saj :
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:‘directional qualities of the antenna. i ‘
: |

e Recently, G.Z.Irzenberg and A.M.Model developed a traveling-wave antenna with .

4._.' b
- resist.a.nces instead cf capacitances, previously used for commnication (Fig.,). The|
& L ) o
_ use of resistances ;r-mitted not on],y to increase the power of reception ‘but also to]
g ! !
- widen the band of t:= antenna, embracing by one antenna the entire short-wave bamd. ;
g ' |
- v ' H
3 ; The increase in the range of the]
12 - i
- a & antennas of the type of symmetric ot!--ll
- :r —
- “_%‘____ cillators, intended for non-National i
= / ;
- i AR short-wave lines of radio commnica- l
o acre] AR !
. / ___#,.--"""F tion, was achieved by using a broad- |
T =y Il |
|
o / —cad o band dipole, developed by G.Z.Ayzen- !
SR z ,A""'f . — : A '
3 a9 iy I berg (Fig.5). The special feature ofI
L S mede—y  p——— —
— 1 this doublet is a wire shunt. The in-
e 1 :
— ai i ductive susceptance of the shunt com-?
I !
- 31 pensates in part for the capacitative
]r —_ | ‘ ]
_: ‘ ¥ ! susceptance of the doublet, which co-
0l ©
= incides with the lengthening of the
a Pig., -~ Traveli=z-Wave Antenna with
—_ wave and which permits to obtain in
LRV Re== stances i !
— the feeder line charged by the os:zil-|
- a) Terminal re==stance; b) Coupling ;
— lator the coefficient of the traveling
A irpedance; c¢) i=brator; d) To the ! ;
__‘; wave, being lower than 0.3 in the 12 -
L r=ceiver i !
_4; l 50 m band, i
R l
- The original t;oe of antenna for a radio network operating in the band of short
. . ’ :
meter waves, was dex=loped by G.Z.Ayzenberg, A.M.Model, V.D.Kuznetsov and V.V.lLyam- -
kov. The antenna w=s to give an amplification factor of the order of 1000, and si-
- i |
. mlt.a.noous operatia- on two waves (tra.nsn:ltting and receiving), in the wave band of |
"~ 1: 2, The antenns mas a mirror made of vertical cables, and re;resents part of the
. surfa.:o of a vertin:l parabolic cyli.nder. In t.he focal line of this cyl:lnder, alinoar
. |
r-rs-9076/1___ -1
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4! ; |
'to this arrangement, the energy emittad by the broad-band oscillators in almost its

' system.

-.of cm and short dm-waves into the zone of inucl\ longer waves -~ meter waves,

creasing use ~ antennas of radio-relay stations operating on centimeter or short deci-
{

.a requirement is based on the rscessity to ensure a linear phase change of the sig-

system of broad-band vibrators equipped with angular cmmten-reflector, vhich .

concentrates the radiation in horizor.tal plane surface, Thanks

entirety 1s incident on the mirror and, after being reflected from thers, coincides |
with the direction of the correspondent. "I‘he same system of oscillators is also used
|

for reception. The signals received and émit.ted are separated by means of a filter

Insulator

Shunt
I

|

|

|

Fig.5 - Broad-Band Dipole }

| .

The described antenna system serves as an original example of the example of
transferring methods, employed in the technclogy of image antennas, from the some

|

)
|

Durirg the last decade, a new type of radio communication antennas came into in-
|

meter waves. These antennas are installed on the tops of high towers or mastr and IJ

serve for receiving and transmitting the wide spectrum of frequencics, which inclndeé
|
not only hundreds of telephone channels but also the spectrum of the television chan-

nel. Rigid requirements are made with respect to antennas of radio-relay stations, |

. !
primarily, relative to coordinating the antennas with their feeder lines (the coef- ]

ficient of the traveling wave must be about 0.95 in the frequency band of the order

!
of 107 of the medium frequency of the band in which the antenna is operating). Snchi
!

nal in ths antenna channel as a function of the frequency, in order to prevent dis- l

tortion of relayed signals. Meeting this requirement is complicated by the filter—

system, which has to be used for parallei connection of several transmitters into—-

|
' |
T P-TS-9076/V____ a2 ‘




P it el e

50

6= e e —_ -

T—tﬁe_ a.r;t;enna, .servin' : g separate parts of the_trana—niié_sion spectz;-tim. '
- | !
*.[ Rigid requirements are made on antennas of radio-relay lines with respect the _

{

4 !
side lobes, particularly in cases where only two frequencies are used in the inter-

|

¢! ] ~ e - Sy o
mediate point: one for reception (from toth sides), and the other for transmission |

¢ ! ;

N (also from both sides). '

Y In such a case, the lobe lev-

. |
|

el behind the antenna must be at |

least 50 db lower than the maxi-

B o e oot O

mn of the directional diagram.

As far as radio-relay sta- !

tions are concerned, mostly two i
i
|

types of antennas are used: horn-

|
type lens antennas and image an- '

§
1
g o T P e -

1] type are widely used by the Bell '

251 ; tennas. The antennas of the first
(e '
HHIN

Y
T
L
e
1
J—— |
1
+
1
—=
1
3
1
I

1800 : i Laboratories in the U.S.A. ard re-

presents a pyramidal horn carry-

Fig.6 - Horn-Type Lens Antenna | i
__1‘ | ing a planoconvex lens of an artiT

 ficial dielectric at its inlet (Fig.6). The artificial dielectric recommended first:

by A.N.Kaptsov is actually a system of flat narrow and long metal strips imbedded in'

polystyrene foam and intersected at short intervals. Due to the considerable ampli-,
- tude and the shoriness of the wave (7 - 8 cm), these antennas produce an amplifica- :

i tion of the order of 10,000, while the shielding qualities of the horn ensure a low—i

ering of the side lobes of the directional diagram. !

.

!
: Image antennas for radio-relay st.at.ic;ns consist of a uniform or raticulated re-'

i)

‘flector with a paraboloid surface of revolution in whose focus an emitter in the

.'.‘—, !
form of a small horn or oscillitor with reflector is placed. ‘

' - Considerable difficulties are encountered in solving the question of channeling
- - - - . -~ - - - - - - - l

2 o ;
| - P-TS-9076/V ____ 1 |
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: th-e enerm from the tra.nsmitter to the antenna, because of the considerable antenna

~

height (usually from 50 to 100 m). The use of long coaxial or wave lines is imprac-
—_ ]

ticable because of design difficulties, considerable energy losses, and detrimental

L

effect on the coordination of the heterogenoi A's in the junctions. The Bell Labora~

~ |

) SN NN S5 65N

: - Fig.7 - Feeding the Antenna by Means of Reflectors .
tories erect the transmitter on the p]atfolrm, slightly below the antenna. Another
way of solving the problem is to transmit energy from the ground to the antenna (a.nd:
vice versa) with the aid of a system of reflectors., Figure 7 shows the design of an
antenna developed by V.D.Kuznetsov and A.A.Metri}dn, built according to this prin- .
_ciple and designed to operato in the 15 - 520 cm band. 2;‘
t

- The horn (3) ,\ actuated by the transmitter, exposes a slanted ellipticnl reflec—

- |
tor (2) which directs the radiation upward along the support (4). An inclined flat-| i
.'\(j 1
_ P-TS-9076/V____ - ‘
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reflector (1), fixed at the t top of the support, reflects and thereby focuses energy .

1n the direction of the correspondent. The efficiency of such a transmission a.mountq
4 | '
) t.o about 50%. ! ;
E

~

[ K =

-
or relaying, which wera used in radio—relay lines during the last several years when-

S | !
ever obstacles are met in the path of propagation of radio waves between the trans-

= mitter and the receiver (for example, higt.\ elevations like hills or mountains in the;

i vicinity of a station). In such a case, the passive relay in the form of a system i

of reflectors or lenses is placed on the hill in question and re-radiates the absorb+

§ |
ed energy. i

|
In summation, we will briefly discuss the special features of a radio network |
used in aircraft. The high speed of modern aircraft makes the application of previ-l
— ously used wire antennas (whether of the trailing type or strung above the fuselage)
-a.nd those of the horn type impossible., Quite popular at present are antennas for :

neter waves in the form of vertical rods, fitted snto the dielectric plate which is
i

part of the vertical fin of the aircraft. For radiation of short waves one had to |

find methods of producing oscillations of the entire conducting body of the aircraft.,

5. Antennas for Radar Stations i
!

The technique of radar antennas developed during the last decade, represents a

t

|

broad and mltiform branch of antenna technique corresponding to a variety of prob- &
. | !
lems solved by radar stations and the broad wave barnd used in modern radar. :
1 I

It is naturally impossible for this survey to give, even briefly, a more or lesa

systemat.ic review of antennas for the va.rious types of radar stations. Therefore,
we will deal only with a few types of antennaa and with a few questions character- |
istic of the field of antenna technique under review,

! i
The largest antennas, as fax- as size is concerned, are those of spott.er rada.r ‘

stat.ions which detect aircrart at considerable distances from the ground In accord-




¢ —— e

,ance  with the function of the station, the antenna mst have a high emplification eo-:-
!
f

efficient (of the order of several thousand) and be capable of handling pulses of

.
~substantial power (1 megawatt and more). The antenna must permit a panorama search. k

Ll P —— -

of the air space and be supplied with means for deﬁerminin,g not on]y the azimith but

" also the elevation of the spotted ai:cra.ft.

2]

= Fig.8 - Antenna of a Radar Spotter Station
‘ ~'-. ) ] i
Figure 8 shows such an antenna. It consists of two truncated cylirdrical para-'

bolic reflectors, made of metal netting: horizontal (with a vertical focal line) and

slanted. The dimensions of each reflector are 305 - 762 cm? and the focal distance

] _—

. about 2 m. Along the focal line in each of the reflectors, a complex system of ex~ I'

citers which ensures reception of the given pattern in the vertical pla.ne. The ‘

Yoo

widt.h of the radiation pattern in the horizontal plane is of the order of 1° at ha.lf-

— "'*1

g i
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— power. The slanted reflector with its excitczr in conJunction with the horizortal an-

-~

Z— l
tenna permits determining the height of the spotted aircraft. The entire system ro-!
Z

"~ =ates about the vertical axis at a apeed cif 6 rpm.

€ e I
- Another characteristic example of a 'r'ada.r antenna 1s an antenna for scann:i.ng

- g

<te ground from an aircraft. To ensure an even contrast of the image of the object l

- : l

a2 the PPI of the radar station, the antenna must have a so-called cosecant radiation
i
i

Yoo ////////f///////////

| y

L Fig.9 - Cosecant Pattern and Cross Section of Reflector

s=.tern in the vertical plane (Fig.9a); in this case, the intensity of the signal at

“* s receiver input, created by the reflection from some section of the earth's sur- .
- |
7zze (free of buildings), does not depend on the distance froem this section re In |

c~ler to obtain a cosecant pattern a cylindrical reflector is normally used, whose

=oss section has a special form close to parabolic in its lower part, forming the

i
=xdimum of the cosecant pattern. Flgure 9b gives an example of such a cross section',

o 1
t1so showing the path of the rays which form the various sections of the cosecant

E i
) - —‘ o l
- radiation pattern. | |

For exciting the cylindrical pa.rabol.ic reflector, a linear exciter (of the type

3 R
o 1t-s-9o76/_7__

o | |
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of the luminescent line), fixed along the focal 1ines must be used. Such systems
2 |

include the popular segment-parabolic e.xciter (or, &s it is sometimes called .. -
"cheese") scheratically shown in Fig.10, Between the two ccnducting parallel pla.nes;

¢ U |

- a reflector mirror in the form of a pa.rabolic cylinder, swept by a hornlike cheese
i is inserted, in the zone of the focal line of this reflector. The radiating surface

1
_{ is a long and narrow slot (aperture) of the "cheese™

at which the rays reflected from the reflector arrive ;
in phase, The field created by such an aperture corro-:-

f
sponds to the field of the linear exciter. The linears

exciter can also be made in the form of a slotted wave-
: i

guide operated cophasally, or in the fcrm of a system |

of two conducting parallel planes vetween which the ex-

citer is placed at one end and the focusing lens at the

Fig.1l0 - Plano-Parabolic :
" other (in the aperture). :
Radiator :

An important item in the technique of radar anten-

nas is the question of Mscanning™, i.e. rapid shifting or swinging of the radiation :
pattern. Thus, for gun-laying stations conical scanning is used in which the radia-'
tion pattern (Fig.ll) is displaced slightly from its direction and rotates about

[
this equisignal direction. Vhen the direction at the sight does not coincide with !
|
the equisiynal direction, the intensity of the received signals will be modulated by

the rotatioa frequency. At the instant the sight coincides with the equisignal di-

vt
rection, the modulation stops. !

To obtain conical scanning, reflectors having the shape of a paraboloid of re-

volution are used. The exciter is not placed in the focus but at a certain distance’
from it and rotates about the axis of the reflector with a speed of several thousand

'rpn. If instead of rotating the exciter it is rapidly swung to the right and left

) -

)
1
:
!
\
I
l
i

of the focus, the radiaticn pattern will swing in the horizontal plane. However, if:

T
Ty L

the pattern ia va.ried by more than 5 - 8° (depending on the focal diatance of the ‘

¥

=
I
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- lobes), its shape will qu.icld& deteriorate due to thelbrc;adening of the ;rincipa.l o

2 l '
. lobe and the appearance of side lobes, . -.;_ = = = ’

4
_{ To increase the swing sector of the rays, more compliceted reflector antemnas '
!

are used, by g:lving the surface of the reflector a specia.l form and by shirting the -;

N

|
exciter in the above-mentioned system of two conductive parallel plates.

<

j : ~ In a mmber of cases, requirements are made
j on rada.t'- antennas to ensure radiation with ciren-
_ lar p::lérization, where the vector of the electric
_ field does not have a fixed direction but makes one
full re’;ollrtion for each period. For obtaining
circulax!- polarization, many methods are used. ]
Quite wides;read are spiral antennas which are easy

to build and have good range qualities.

. The development of radar for aircraft created.

] Pig.1l1 - Radiation Pattern '

_ the problem, in antenna technique, of protection
for Conical Scanning ! . ;

—i from the airfilow. This problem is solved by using

special casings of streamlined form, so-called fairings. The design of the latter, '
T while satisfying the requirements of mechanical strength, must simltaneously permit
o the passage of emitted energy without significant loss, without reflections from the
 inner walls of the fairing amd without distortion of the directive properties of the

. {

antenna, ;
f
At present, the vast majority of directive antennas used in radar belong to the:
reflector typs. However, it should be mentioned that intensive research is being

,“done on designing new types of directive antennas for the centimeler wave range, soch

as lenses. Considerable attention is being paid to the development of antemmnas of

the surface type, based on the use of corrugated conductive surfaces, which have the
-1
: property of concentrating in their vicinity the field of a wave propagating almg {

the surface ani to regulato ita phasa.l speed by means of changing the pa.ramtcs of f

3o R

4 | ,
53 ; i
]

]
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- the corrugation,
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: .. g. Use of Antennas in Radio—Astrononw. Mio Toles;omﬁgﬁ

— ‘ !
I'< ] ' H
i
!

In 1929, K.Yanskiy, with the aid of a beam antenna, discoversd a special idmd

of interference with radio reception in the 10 - 15 m wave band, caused by cosudc ra~

dia.tion from the direction of the Milky Way. Thus was born a new branch of science ;
-~ radio .stronomy, which was intensively developed during the past several years. !
Ra.dio astronomy uses that section of the spectrum of radio waves (from 8 m to 10 - |
. 15 n) which has the property of passing through the layers of the earth's atms;here:
- without significant absorption. To pick up the weak radiation of energy in the wave |

|
range arriving on earth from the sun, the moon, and other cosmic sources, a highly :
_ l

sensitive receiver with a good antenna is required. The beam antennas used in radio{

astronomy are called raio telescopes. The requirements made on radio telescopes are
for greater directivity which raises the level of the picked-up power and results in

]

a high resolving power of the system; all this must be accomplishod in the widest

possible wave. range, under the condition that the radio telescope must possess the

| necessary mobility permitting to aim it to any part of the sky. ;
. The above requirements led to the construction ui huge mobile parabolic reﬂec—,

tors, with a diameter of several tens of meters, whose manufacture presents consider-

able technical difficulties. The rigidity of the system when exposed to high winds '
and the precision of surface finish mmst be such as to keep the deviation of the ro-;

. i
flector shape from a paraboloid to less than1/16 of the shortest wave received.

The above difficulties are being successfully overcome by modern technique. '

Figure 12 shows a radio telescope of 66 m diameter, set up in Manchester (England)

and intended for studying radio radiation from the Galaxy. At a wavelsngth of 1.9

!

m, the principal lobe (at half-power) has a width of 2°, ‘
d s —1
In the near future a radio telescope of the above type will be set up at the . |

‘.
Ve
B - S M o — —— e e

. Obsemtox'v of Pulkovsk in the Sovist Unton, ;
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- Homvex: , m-ren- huge radio iéléséopes do no—t Wg;l-ve. i'adio astmnomists"tf;e fesolviné
!
jpower required nowadays. For example, the angular diareter of the sun equals §°.

._..- In order to observe radio radiation of different sections on its surface, a ray,
¢l s = e

. whose width is measured in mimites is required. —Thi—s-problem is solved by so-called

s
&

4

N

radio interferometers, which consist of two or more antennas connected in parallel

. and spaced at a distance of several wavelengths. As is known, in such a case the

. —d g

g !
[

e e - 0N 4N = v --l-l-.-u-—-.-!—#
- N ’A....w-h‘ﬂ- —_—

- Pig.12 - A large Radio Telescope
4o I i |
' radiation pattern for two antennas will have multilobe character, similar to the one

PR

shown in Fig.13. Vhat is important is that the width of the lobe of the radiation

=

pattern is smaller than the angular diameter of the sun, while the distance between

the lobes is larger than this diameter. Then, for the motion of the earth relative

S

‘to the sun, the lobes will scan the mn-fac;e of the sun and record the radio radia- '
 tion of the individual sections. ; i
*'- - Pigure 1, shows a mitielement radio interferometer, designed for operating on—

- 0 |

‘the Zl-cm wave. The device consists of 32 image antermas, with a diameter of about -

|

SD
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2m ea.ch pla.ced in a row at equal intex'vals, ma.king a 1:l.ne of 200 ms The rad:lation,
2 ’

pattern of such an antenna system consiats of a few narrow lokes, about 3 minutes. |

j wide, spaced at an angle of 1.5 degrees, Inl
¢

- ' n - -radio astrononv, the mtem;;c—h_;zic-{ue }

|
given an unexpected and independent direction
|
of development. However, this powerful and I;

complicated technique originated in the prim-‘-
itive receiving antenna, which was used by
A.S.Popov in observations of storm discharg—z
es., occurring in the earth's atmosphere, '

|
From this antenna grew huge radio t.elo-|

- scopes which permit exploration of remote
Fig.13 ~ Radiation Pattern of the sources of radio radiation spread out in the

Radio Interferometer lirmitless spaciousness of the universe, |

- !

7. Achieverents in the Field of Transmission Lines

During the last 10 - 15 years significant progress was mude in the technique ofI
transmission lines (feeder lines), mainly in the field of ultrashort waves. During i

that period the problem of finding a plastic dielectric with low energy loss at high'
’ !
frequency was solved (polyethylene), which permitted the construction of a flexible '

cab'.e, now in widespread use (particularly, for the erection of television receiving:

l " = |

: antennas). For short decimeter waves, special high-frequency cable systems were do-!

| - : I
signed which permitted expansion of the field of application to waves of the order
. !
of 10 cm. ’ !

f e

then channeling high-frequency currents, it is generally known that the surface

U —4
1

! effect must be taken into consideration; this requires conductors consisting of |

" hecavy-gage wires (usually silver—plated) or of a La.rge number of very thin braided \

wires. In 1951, an America.n, A. }’.Klogston, proposed a new design tn the form of a i

e S —" —— e —————

32 ——4 — |
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‘ -—x nmlf.:l.lge;T c;a;xdﬁéts;,. which ﬁés-éntﬁ, in cross séé'rci“or-m;a series of conéeﬁt;-i; ve-ry-'
L thin layers of wire and dielectric. (Fig.i5). In the cross secticn of such a cabh,i
Lj the current density is distributed by a ci:sine curve, with zero at one of the center;
b." layers. " On both sides of this layer the gurrent'fio;s in opposite directions. A |

: : |

B large quantity of conducting material in the cross section decreases the attenuation

AL‘—-1 ! f

v 1 A\'-"-‘ \: DA / / ’ ){; ‘Q 'n'. iy
. "\ba:“':w'-d“gu."‘b-—‘."‘_— f‘\-x‘-/““—-—..—c =

-

- Fig.l) - Interfercmeter of 32 Antennas :

— (as compared with the coaxial cable) in sowe frequency band which is determined by .
) the structural data of the cable. Thus, when the thickness of the layers of the con-:
‘ ductor and the dielectric is 0.0025 mm and the outside diameter is 2.5 mm, the band
wwill be in the range of 21 kc to 20 mc and when the diameter is 19 mm this will be

74370 cycles to 2.5 megacycles. In the given wave range, the attentuation of the mul-!
- tilayer cable does not depend on the freq\;ency. '
N During the past 15 years, a new field was created in the technique of channel-
ing high-frequency energy - waveguides - used for long millimeter waves and in the

.' entire region of centimeter waves. The u:;e of waveguides in the practice of radio

‘networks and particularly radar stations r!equired solutions of a series of protlems,
such as design of butt joints, bends, rotating couplings, waveguide commutators, not:

!
to montion the problem of coordination of the entire waveguide channel with its feed

~ F-TS-9076/V ____ 3. I
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. “g-enex;attsr. It was nec_:essa—fy to solve all these‘ ;u'obiex_na - and still is - not only !

~

:from the point of view of obtaining thre maximum bandi of operating frequencies, but -

R i
also with the aim of ensuring electric strength (disruptive strength) when tra.nmnib-;

ting signals of high pulse pc;t;rer, which may reach tﬁ; v_a.lue of sevex;;lmmégavir—a:t‘sr: —-1
Considerable attention is being paid by our radio specialists and those abroad '

= ]
to the problem of using round waveguides with a wave of the type H,;. The structure:

1

‘ of the electromagnetic field of ;
this wave is such that the propa-
gation of the energy in the wav&-%
guide takes place at relatively
weak currents on the surface of
the wall. Therefore, the energy
loss in the w:veguide becomes 1n-'
significant.

The applicaiion of waveguides

with the HOI wave is interesting

in two directions: for use in the

waveguide channels of the milli-

b Fig.l5 - Klogston's Cable
— meter wave band and in long chan~'

nels of the centimeter range, as well as for inderendent excessively long commxnica—:
tion lines, which have low attenuation and possess an exceptionally wide frequency
band (instead of a high-frequency cable). Unfortunately, even the slightest hetero-

geneity in the cross section of the waveguide (and more so any bends), causes a con~

version of the energy of wave type H01 into energy of wave type E]l' which has high '

attenuation, With a view to solving this and other froblems, encountered in the

0 -

o 'practical use of the HOl wave, intensive research and development work is const.ant]y‘

Yo

o 'bei.ng done. ‘ \

During the last four years two new types of feeder lines were developed which l

K 4—1 ' "
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- are becoming of practical use.

s.-—"

The first type is the single—-cable line for the deci~

- meter and centimeter range. The propagation of electromagnetic waves along the cy---

as far back as 1907 by the Cerman scientist F.kharms (Harms).

Fig.l6 - Single-Cable Line

i

i

: i

lindrical conductor, coated with a layer of dielectric, was theoretically explored |
o I

I

However, only in 1950
did the German engineer, G.Gubo,
draw attention to the fact that 1
the presence of the dielectric
layer results in a concentration
of energy transported by the elec<
tromagnetic field in the immediate
vicinity of the cable. This neces-
sitates a comparatively small area
around the cable free of other
cables, so as to permit transfer
of energy without loss due to eddy
currents created in adjacent

cables,

Figure 16 shows the transfer

system of a coaxdal feeder to the single-cable line, having the shape of a horn, cov-

ered with a dielectric cone for protection from precipitation, and the outgoing ca-

ble, Vhile it is still impossible to achieve high efficiency when changing from ca~

]

39

when long lengths are involved.,

ble to line, the single-cable line can successfully compete with the coaxial cable,

For example, the line shown in the diagram (made of

a brass wire with a diameter of 2.56 mm, coated with an 0.35 mn layer of polyethy:-

lene) of a length of 32,5 m, has an attenuation 2.1 -~ 2./ db in the 1.6 - 2.} mec

.range and a coefficient of the traveling wave not lower than 0.77.

so—called belt line, which came into exdst:nce in 1952,

~
P-S-9076/¥
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o The second new type of feeder lines, intended for the centimeter range, 13 the :

Such a line presents two :




’

| conducting belts, divided by a layer of dielectric (Fig.l7) The lwer,-élec}.}icai: |

dielectric. !

l:,' grounded belt is wider. then properly la.id out, only a small part of the energy -
conveyed by the field is contained in the a.rea surrounding the 1line, outside of the

e —————

The energy loss in belt lines is larger th:n in waveguides, mainly because of

|
losses in the dielectric itself. Recently, however, progress has been made in reduc-

)
ing these losses substantially. Belt lines are now used only in receiving apparatus,

since they do not permit feeding of large amounts of energy without disruption.

Another question of recent :lnt.tsr--l

est whose solution would mean a furth-
er step in the development of wave- |

guide technique will be discussed be-

low. This is the use of magnetized

ferrites in waveguide channels., i
Fig.1l7 ~ Belt Line |
If a section of the waveguide is
a) Conducting belts; b) Dielectric
partly filled with ferrite to which a
}
constant magnetic field is applied, then -~ as theory teaches and experience confirms
- various conditions relative to phasal speed, attenuation, or rotation of the polar-
ization plane for waves traveling in opposite directions could be created. This

1
property of magnetized ferrite permits, for instance, a separation of the reflected

wave from the incident wave and its abtsorption, preventing it from reaching the gen-
erator, Thus, the problem of coordination of the waveguide channel with the genera~:
tor can be solved in a new and much simpler way. Arrangements with ferrites open |

new prospects also in other directions, such as the creation of current-controlled

~ high-speed waveguide cormutators, various kinds of filters, etc. ,

_ neling high—frequency energy has made great progress during the last 10 - 15 yeara

In summation, it may be stated that the layout technique with regard to chan- ‘
i

and that the future offers still bigger opportunities of doing so.

B
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— The success achieved :Ln t.he technique of a.ntenna a.rrws a.nd feeder systems dur-

N (

-—'l

ing the last period would be unthirkable ha:l there not been considerable scientiﬁc,_l

,
-

. resea.rch and exploratory work, dealing with all kinds of theoretical questions ra.ised
) :Ln this connection. Impox'ta.nt results have heen obtained in this direction'dﬁring
- ‘the last 10 - 15 years. .
= In 1938, E.Gallen in Sweden and, independently, M.A.Leontovich and M.L.Levin in
 the USSR, have worked out a new method of calculating the current distribution in
oscillators of different forms, based on the solution of integro-differential equa~-
tions, which takes into account the electromotive forces induced in the various ele-'
ments of the oscillator by the current distribution wanted. Despite the complexity
" of the calculations, this method precipitated the publication of a series of articles
:on current distribution, not only in different versions of a single oscillator but
also in a system consisting of two oscillators.
A great deal of attention was devoted to the theory of slot antennas, which came
into increasing use of late. The most significant part of this work was done by Sov-
7 et scientists, among them M.S.Neyman and Ya.N.Feld.

A great deal of thesoretical work was undertaken to clarify and explain various .
questions relating to the directive emission of antennas, in particular the question
of erecting an antenna with a given radiation pattern. A series of new ways to solve

1 the task was suggested, Besides, it was established that although, in principle, an

antenna of such dimensions will give any radiation pattern desired, in practice the
. .

maxdimum directivity conforms to an even current distribution in the cable or the ex-:
‘cited field., A further increase in directivity demands such a current distribution
«as to make a practical application impossible, in view of the frequent change of
.pha.se, high peak values, and sharp dependence on frequency. This question was dis-

‘cussed in Russia in papers by the author of the present study, by E.G.Zelkdn, L.D.

y.— i

Bakhrakh, and L.B.Tartakovsikdy and in other countries by S.A. "hchelkunov, G.Zh Iﬁ.blet

P M Vudvand (Woodwa.rd) . Zh D.Lawson and othera.

1
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- Considerable attention was also devoted to the question of supressing the side :
lobee. In 1946, K...Dolf suggested a method of calculating radiator systems - beeed.l'

on Chebyshev'!s polynomials - with a completely uniform level of the side lobes of thé
!

t e e e

radiation pattern (Fig.13). This lsvel, at certaiy dimensions of the antenna, deter-

mines the width of the principal maxdmum, which increases somewhat with the decreaee?
: [

of the level of the lobes,
The Soviet scientist L.A.Vaynshteyn succeeded in finding a strict solution of
the problem of radiation from the open end of the waveguide,
Tremendous work has been done in developing the theory of imige antennas and de<
vising methods for their calculation. Basic results were obtained which led to the :
4 present level of the technique of image antennas. Important in this field are re- :
- ports by Yu.K.lurav'yev, L.D.Bakhrakh, B.Ye.Kinber, K.I.Mogilnikov, and abroad those
by A.Denbar and K.S.Kellekher.
The introduction of waveguides into radio technique led to studying questions

on the excitation of electromag- .

netic waves and their propagation.

'L Credit in this field is due to
I.I.Volman and G.V.Kisun'ko.

- .- )
1‘J }
Recently, research was done l

<
L/ on working out methods for broad—'
o band coordination of waveguide

: i
NVWW /\J channels., Considerable success |

| |
79 | 4

Yo m°  w@®  w° z0° I9° 180°  in this direction was achieved by

—-T i
B - A.L.Drabldn, A.L.Feldshteyn and
Fig.1l8 - Radiation Pattern of i

others. i

- Dolf — Chebyshev i
_§ | In connection with the pro- |

specte of using ferrites in waveguide cha.nnele, it became necessa.ry to work out the ‘!

+
L4

question of propa.gating electromagnetic waves in wavegu.idee filled completeh or '

|
i I
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- partly with magnetiz;d 'fer;'ite. Successfully working in t:his field a.re A.L.Mikaelyan
3 |

in Russia and M.L.Keylz, G.Sul, L.R.Halke:;, etc. in other countries. f

4_J i i

— Here only the basic trends and results of the theoretical work done in the field
{

£ ) . oL e
of antennas during the last several years are mentioned. This, of course, does not

cover the mltitude of theoretical questions reviewed during this period in reports

: —be Soviet and foreign scientists.
T In completing this survey, the fact must be stiressed that it does not comprise i
many fields of radio technique, which contain antenna techniques of their own. Such’
are, for example, radio navigation and aerial radio surveying of localities where the
principle of radio altitude measurement is used in determining the topography of the
 locality. '

) However, such a brief survey of the ;;resent-da,y status of antemna technique
characterizes, on the whole, its exceptional complexity, the high rate of develcp-
ment, and the outstanding part played in this developuient by Soviet radio specia-
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THE PROPAGATION OF RADIO WAVES
"1 _J '

= by

1

Nl M.P.Dolukhanov

Introduction { ]

|

The study of the basic rules of the propagation of radio waves was begun by the
inventor A.S.Popov during his experiments in the Baltic and Black Seas In the am:uneri
months of 1897, 1898, and 1899. On the basis of these and later obserrztions, A.S. |
Popov came to the conclusion that the previously expressed views on ths zoordination.
of the laws of propagation of radio waves .in the earth's atmosphere wiz: those of
light waves are wrong. A.S.Popov concluded that the waves which proparzie above the
earth's surface are affected by a factor which forces the radio waves > berd round
the convex surface of the globe.

A further study of this question showed that two factors, acting z=parately or
in conjunction, may cause propagation of radio waves around the spheri=z1 surface of |
the globe. These factors are diffractions, i.e., the natural tendency, characteris—
tic of every wave process, to bend round the obstacles met on the path ef ;n'opagat.ioxi
(such an obstacle in the given case is the convex surface of the globe; and the re- :
flection of radio waves from the ionized layers in the upper atmosphers. I-kplor‘.\ng,;
'in 191 - 1923, the phenomenon of diffractions and reflection from the Zonosphere l
(as the ionized area of the earth's surfa.c.e is now comonly called), izalemician _
M.V.Shuleykin, made a further detailed study on the mechanism of refleziion of radioi‘
waves from the ionosphere and proved that ,‘ in complete agreement witn “te classical ‘
views on the phenomenon of diffractions, the latter are strongest on t>e longest

) waves of the band and that their effect decreases gradually in proportiom to the |

shortening of the wave. M.V.Shuleyldn further studied in detail the rechanism of ro-

flection of radio waves from the ionosphere and proved that the 1onos;t=ro \dll ro- |

t

_—
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- flect only waves longer than about 10 m. Shorter waves, sim.iJa.r éo light waves, are’

~
-

‘not reflected from the ionosphere but penetrato it. - - --i

4 |
TJ It is now accepted to call the waves which bend round the convex surface cf tho‘

6. o

globe. as a result of the phenomenon of diffraction, ground waves (or surface waves) .
)., t i
The distance of propagation of ground waves does not usually exceed 2000 km. The |
i (
waves propagating around the globe as a result of single or repeated reflection from.

" the ionosphere are called ionospheric (or spatial). ‘

Thanks to the work Ly Sommerfeld, van der Pol, and M.V.Shuleykin, convenient
B formilas were obtained for calculating the field strength of ground waves at small

~ distances from the transmitter, when the earth?s surface can be considered plane., .

Developing and going deeply into the work of the English physicist Watson, B.A.Vveden-
§ |

- sidy established formulas for calculating the diffraction field at large distances

from the transmitter. The thin structure of the ground waves was explored in a ser-
ies of work done wunder the guidance of L.I.Mandel'shtam and N.D.Papaleksi.

The study of the characteristics of the propagation of ionospheric waves went in

B two directions. First, a large amount of work done mainly by physicists and geOphys-:-

‘m‘ icists was devoted to the study of the structure of the upper layers of the atmos- ‘

_ phere and to the mocesses taking place there. Another series of wérk done mainly :

by radio engineers related to the special features of the propagation of ionospheric'

s

waves of various ranges. ;

t) IFOIE I
The basic attention of the explorers was centered on the range of short waves, |
U : !
Experiencing the minimum absorption in the ionosphere (in comparison with medium a.nd

1

long waves) the short waves proved to be particularly useful for establishing com-
1

munication over large distances. At the same time, the short waves were character-
1y

ized by rigidly exmressed inconstancy ¢f the conditions of propagation. Observing

‘over a number of years the specific properties of short waves, M.A.Bonch-Bruyevich

-1

established in 1925 the basic x-ules of the processes of propagation. Fadi.ng and cer-

t&tn other phenowm, accompmving the propagation of short waves, were studiod by ‘

SR
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A.N.Shchukin. The latter is the author of the first method of calculating field

- Y

»

Y amnd

strength in the short-wave range. S T e e e _.-l

The development during the last sevez"al years of te..cvision, frequency module~ l

.

plications of radio technique, is the ca.u:;e of heightened interest in the rangs of
meter waves and much shorter waves. The s;tudy of the propagation processes of meteri
waves was begun by B.A.Vvedenskdy in 198..‘ Vvedenskiy was the first to call atter-
tion to the part played by the ray reflect:ed from the sarth'!s surface and to estab-
lish formulas (which are now called ™reflecting") for calculating the field st.reng‘l;hI

at the point of reception. The increasing application of diffraction form:las to the

meter range and to the band of shorter wavés is also to his credit.
In proportion to the increase in the number of transmitters, rezularly operat.ing'
in the ultrashort-wave range, the existence of a connection between the metereologi-;
cal status of the lower layers of the atmosphere (troposphere) and the conditions of
propagation of ultrashort waves was discovered. The necessity was established of
taking into account the phenomenon of af.m'spheric refraction, i.e., the ei‘fect of tho:

|
bending of the rays when they are propagating in a heterogeneous atrwsphere. A num-'

- ber of authors suggested to take into account the phenomenorn of atmospheric refrac-

-

2

tion when using reflecting forrmlas, by means of an apparent increase of the radius

of the globe, |

) i

of propagation of ultrashort waves is substantially greater than it was originally
believed to be. Abaut the same time the étrong variability in the meteorological
status, inherent in the layers of the air near the earth's surface became apparent.

A new branch of science was born, called meteorology, which explores the thin struc-

|
l
!
!
|
In 1945, it became obvious that the effect of the troposphere on the processes l
|
]
|
i
|
i
!

'
ture of the troposphere and the changes occurring there. l

B | - ; T




DEVELOPMENT OF THE SCIENCE OF THE PROPAGATION ) ‘ ‘
|

|
- OF RADIO WAVES .. SN = '
!

&
1S
|

N 1, Propagation of Ground Waves . ._ _

I

a) Derivation of Approximate Boundary Conditiona

|
A thorough exarmination of the process of propagation of radio waves along the

RN

apherica.l boundary along the interface of air and semiconductor surface of the earth

belongs to the most complicated problems of modern mathematical physics. The excep-

tional complexity of the mathematical computations is responsible for the fact that

only in a very few of the simplest cases of this problem were sclutions suitable for

engineering practice ever found. ' i

In the light of the above, the derivation in 1948 by M.A.lcontovich of the so- |

—

called Fapproximate border conditions™ was of considerable significance. These con-

+

ditiors were called Mapproximate™ for the reason that they are satisfied when observ-

" ing the following inequality:

\/ ¢'2+ (6020) »1,

where e!= relative electric permeation; ; ,
0 = specific conductivity of the soil, above which
: 1 ;

the radio waves ire propagating, in py 5

A = wavelength in air, in a, :

The above condition is being well aatisfied in the majority of practical ca.sea,,

5ou ¢ so that its restrictive action is 1nsignificant.
I
The principles of M.A.Leontovich establish a definite correlation between the

—4 .
''. padio waves composing the electric field in the air, directly above the earth?s sur-

= I

‘face, depending on the electric parameters of the soil (i.e. size e' and 0). The-—-

saj |
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B .
- application of the pri:xciples of M.A. Leontovich permits a substantia.l simp]_tﬁcation‘

) .of the solution of a series of knowa problems of the propagation of ground waves ul

-

[
well as a solution of new problems, which until then were not susceptible of explora-
H L - o ——‘-'
tion. i !

Utilizing these approxirate boundary comditions, M.A.leontovich and V.A.Fok suc-

ceeded in reducing the problem of the diffraction of radio waves around the globe to

_ an equation of the parabolic type, i.e. to well-known equations of mathematical '

; !
physics. ' !
: |
2. The Conception of L.I.Manlel?shtam of "™Take-Off™ and "Landing™ Fields
|
liodern theories of the propagation of ground waves are all based on the concep-

tion by L.I.Mandel?shtam of take-c"" .d landing fields, when given radio waves are |
propagating. The essence of this conception is the following: The authors of earl-
ier theories of the propagation of ground radio waves believed that the mechanism of '
absorptiox.x of radio waves propagating above the earth's surface, is in general out-
- line similar to the mechanism of absorption of the wave of a current, propagating 1n:

a long cable, Every section of the cable, independent of its location, contributes |

" to the magnitude of the total absorption. |

L.I.Mandel'shtam expressed the assumption, a long time before actually fermu-
lating a strict theory, that it was possible to compare, to some extent, the procesa

of the propagation of ground waves to the flight of an aircraft, which takes off near

the transmitter, flies at some altitude a.bove the earth's surface in the direction
of the point of reception, and lands in t.he ar:a of propagation of the receiving an-

tenna. It is assumed that the absorption of the radio waves is highest in sections

,of the route where the aircraft flies at a low altitude above the ground, i.e., in :
the zones of take-off and landing fields. Thus, in conformity to the views of L.I.

I.a.ndel'shtam, the pa.r‘ p]ayed by the indiv“ﬂua.l sections of the route in the crea- ||

Ve -

SR —
t.ion of abaorpti %n pbenomna. is not 1dentica1. The grea.test absorption is contrib— \

(el

. ? |
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- utod by the sections of the rout.e in the immediete neighborhood of tho transmitting !

z |

..... i

‘and receiving antennas. The strict tbeory of the propagation of ground waves, de- - !
l
|

4

__I
veloped in the articles by E. L.Feynberg, con.t‘irmed in full the justification of the

L I.Mandel?shtam concept

3. Speed of Propasation of Ground ‘laves

!
i
! i
{
|
1

One of the conclusions of the L.I.Hax‘ldel'shtam concept is that the speed of
propagation of ground waves is independent of the kind of soil above which they prop-
agate. In fact, as long as the basic flow of energy which reaches the point of re- °
>ception does not propagate immediately above the earth's surface but at a certain
altitude above it, there is no reason to expect any strongly expressed dependence of
the speed of propagation on the kind of soil.

The speed of propagation will depend on the kind of soil only in the immediate
vicinity of the transmitting antenna, i.e., in the area of the take-off field, Ex-
actly to these conclusions came P.A.Ryazin, who in 1940 theoretically examined the
question of the speed of propagation of ground waves. These deductions were experi-

mentally confirmed in a series of works, both in the Soviet Union and abroad.
|

L. The Phenomenon of Shore Refraction of Radio laves

Still in the period of the First lorld V/ar, when radio direction-finding sta-

~ tions first came into use, it became known that when the shore line is intersected
LR !
by radio waves, a phenomenon occurs which greatly resembles the refraction of light -

rays at the transition from one medium to another, and which consists of a change in’
direction of propagation of the wave., It is obvious that the "shore refraction of

radio waves™ (as this phenomenon is now called) leads to errors in radio direction |

L} — ‘

N finding, as a result of which the skill J.n calculating the error assumes an important
3 2y

_~ practical value. | ‘

Yoo b

Still in 1919, the English scientist '1'. .Eckersley tried to calculat.e the !

oot
Al oo o0 L o e
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angle of deflection of the propagating wave by means of a direct application of. the

" law of refraction (law of sines). Basing ‘himself on the theory of Tsennek, Eckersley
T proceeded from the (as is now known) errox;eous assumption that the velocity of prop-'
agation of ground waves depended on the kind of soil above which they propé'g'aﬁzte.i it.‘

is of interest to note that the angles of deflection obtained by Eckersley not only i
did not coincide with the observed values with respect to the absolute size but dif-‘
fered from them with respect to the direction of the deflection. ;
In the light of the above, this should not come as a surprise since the velocityl

of propagation, as indicated, is practically independent of the kind of soil. On tho)
" basis of the L.I.Mandel'stam concept, it ;.s possible to foresee that the phenomenon |,
~ of shore refraction will be particularly étrong in cases where the shore line is in -
the zone of the "take-off™ or Manding™ fields, in other words, near the tra.nsmittiné
or receiving antenna., If the radio wav.s intersect the shore line in the center sec-
tion of a sufficiently extended route, it can be asserted beforehand that the effect'

of the shore refraction will be insignificant.

Only during the last decade, thanks to the work by V.A,Fok, G.A.Grinberg, and 2
' E.L.Feynberg, it became possible to work out a sufficiently rigid theory of shore ro-;
' fraction, which confirms in full the above-formilated premises, E.L.Feynberg, in )
particular, established a formila for determining the error of direction finding.
A'I'he resultant equation represents a purely local disturbance of the field of radio E
waves which causes the error in direction finding only at srall distances from the |

shore line,

5. The Propagation of Radio Waves over Heterogeneous Paths ;

As heterogeneous one describes paths (i.e., lines of radio commnication) over ;

i different. soils. It is easy to see that, in the overwhelming majority of cases en-

|

countered in practice, heterogeneous paths are involved; cousequently, knowing how ‘

Yoe — e ————— e - ——

to calculate the field under such conditions is of exceptional pract.ical importa.nce—‘

. --| B | |
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— Until recently, P. Eckerele'y's r=<hod of ca.lculating the field of ground waves

n

a.long heterogeneous paths was used. The non-strictness of this method is confirmed l

by tae fact that it did not satisfy the principle of reciprocity, in other words, tho
|

4.

¢ .
calculation result depended on the ;;:-ection of propagation of the wave, which shoulxj

‘ not be the case in s strict calculaiZon method.

i _l !

: In the light of contemporary

LI o
o o =

i £ 8,
Y = 7777777 N\

a- Dry Land Sea Eckersley's method is explained

opinion, the non-strictness of

|
: by the fact that it attributes to'
Fig.l - Shifting of the Point of Z=ception

: all the sections of the path an |

from By to B,, accorpanied by an Tncrease
‘ equal part in the creation of ab-

AL in Field Strength ' |
sorption and does not take into

account the special part played by :=e sections in the area of ™take-off™ and ™land-

ing™ fields, |

0 f

Continuing and further develop=3 the work by M.A.Leontovich, G.A.Grinberg, and

V.A Fok, E.L.Feynberg explored in d:z2ail the conditions of propagation of ground

waves over heterogeneous paths and z=stablished formulas for calculating, under such

conditions, the field strength at t-= point of reception. Similar to other authors, '

| E.L.Feynberg figured that the radio vaves are propagating above the plane surface of"

the earth, The deductions obtained =y E.L.Feynberg also fully confirm the theory of

1
\

L I.Mandel?shtam. The formula of L.” .Feynberg, i1 complete agreement with the ex- _3
—perimental data, shows that, in sam= types’ of paths, cises occur where, at a <:e1-t.frln‘j
dista.nce intervals proportional to i-e diata.nr-o from the transmitter, the field .
strength does not diminish (as is u=cally the case).

A similar phenomenon is observ=2, foxj instance, in cases where the receiver, |
formerly located along the coast or Zry land (point B in Fig.l) is shifted to the :

‘sea into position BZ' If, in the Iz—mer position of the receiver, the "la.ndi.ng

field" was situated above dry land ==31 was causing a noticeable absorption of rad.io

.-i_F-TS-QO'Iéﬂ___ 37
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waves, in the second position the "La.nd.ing field" will bo above _the sea and would

__]
cause only an insignificant absorption because of the fact that the sea possesses a -
4 ]

. higher conductivity ard that, with increaeing conduct.ance, the absorption of ground

’

%
|
|
|

waves decreases, [
S !
{

6. Derivation of a Strict Solution of the Fquation of Diffraction

Notwithstanding the fact that the problem of diffraction of radio waves around

et - - e o ————— - - ————s e,

the globe atitracted the attention of the most outstanding scientists of world renown,

all the calculation formilas and methods of computation recommended during the last f

perriod were suitable for determining the field strength only in the shadow zone, i.cn.l .

at distances well above those of direct visibility. !
[

As long as only long, meiium, and short waves found application in the technique,
this presented no inconvenience. In the given ranges, as a result of strong diffrac-

tion, the equations for the field strength, derived under the assumption that radio
6
waves propagate above the plane earth, proved suitable for the calculations also in

the initial part of the shadow zone (i.e., in the part irmediately ad joining the ;
boundary of direct visibility).

After the meter waves and much srorter wave bands came into increasing use in

|
radio technique, the entire aspect of things changed radically. In this range, the ;
i |

diffraction (as is known) is very weak, whex-eaa the formulas used for calculating the
field strength in the zones of illumination (i.e., at distances within the direct i
j == | !

visibility range) and based on the principle of inierference of direct rays with 5

those reflected from the earth?s surface, can be applied up to distances not exceed-

ing 70 - 80% of the direct visibility range. At the same time, the diffraction form-
| : ¢
~ ulas known until recently could be applied to practical calculations, starting with

‘dmancea exceeding by about 30 - LOF the direct visibility range. Thus, the inter-.

| |

l val between the diata.nces from 0.7 To to 1.). ro (whm by To denotea the range of \

direct. visibility) -~ the inteml within whose boundaries, under norml eouiitima, ‘

| ' o ! T |
| |

,‘J

- r-rs-9o76/7__. _38_

| oyt |
8) -

' |
|

. B )




n_ . - . . . e o —
‘it is highly essential to know the magnitude of the field strength - was left essen-'
‘tially without formlas for computations. ' o

Y J

o The gap was filled in 1944, when V.A.Fok, applying new and original methods of |

!
i
!

totaling the rows, to which the problem of the diffraction of radio waves around the

globe was reduced, and utilizing the specific qualities of the functions newly intro-
B duced by him (called the functions of Eyri) obtained a strict expression for the :
'field strength at the point of reception, at any distance from the transmitter. It ;

i3 essential to note that the expression obtained by V.A.Fok could be directly con-

e e —-

verted into the conventional diffraction formula st large distances from the trans- '

mitter, and into the reflection formula at small distances from the transmitter.

In 1948, in a joint study with M.A.Leontovich, V.A.Fok proved, by using the ap-

proximate boundary conditions, that the solution of the diffraction problem could be
- reduced to a diffraction equation of the parabolic type. This proved the possibility

of substantially simplifying the solution of the problem of diffraction.

l _ f
i 7. The Spatial Area Required for the Propagation of Radio Waves

Until recently the question as to the area of space essential for the propaga-
tion of radio waves was of academic interest as a means for illustrating the wave na-
!

ture of radio waves, the Fresnel zone, and other concepts of wave op.ics.

In connection with the vigorous development, during the past several years, of

the technique of ultrahigh frequencies and the necessity of working out engineering

|
I
= methods of calculating radio relay lines of commnication, the question as to spatial

area required for the propagation of radio waves assumed great practical importance.

This will be illustrated by an example. It is known that in the area of exposure to

]J.ght. the field, at the point of reception, is the result of interference between ,

direct rays and rays reflected from the ea.rth's surface. The size of the resulting |

>

fie]d is greatly inflnwenced by the absolute value of the coefficient ot reflection

L)

of the wave from the earth's surface which, in turn, is determined by the electric |

_{ I i
R !
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pa.rameters of the soil at the point of reflection and by the t.opography of the soil |

e
(such as the character of roughnesses, form ard height of vegatation, etc.). From

’

"~ the viewpoint of geometric optics, the reflection from the earth takes place at one |
point, namely, at the point where the angle of incidence is equal to the angl—e—of re;-

. flection. Wave optics has a different answer to this. A rarticipating factor in the
. ; |
formation of the ray reflected from the earth's surface participates the section of |

the surface, which is limited by the first; Fresnel half-zone. As far as we know, 11:_T
was M.A.Leontovich who first emphasized the usefulness of the construction of Fresnei
zones on the reflecting surface. In constructing the given half-zone on the layout :
" of the locality, it is easy to determine accurately which section of the earth's sur-

face participates in the generation of the reflected ray and precisely determine the

* value of the coefficient of reflection.

' No less important is the knowledge of the measurements of the half-zones of
Fresnel on the path of propagation of a direct ray, since these measurements deter- .
mine the necessary clearance between the trajectory of this ray and the obstacles
(in the shape of tops of hills, isolated ﬁuildings, etc.) encountered on the path of

- propagation. Recently, a suitable calculating procedure was worked out for deter-

o i
mining the dimensions of the Fresnel zones, both along the path of propagation of the

u
direct ray and of the rays reflected from the earth.
l

= l

Ca— TROPOSPHERIC PROPAGATION OF RADIO WAVES

- |
: } i
1. Calculation of Atmospheric Refraction {rom Reflection Formulas '

The question as to the effect of meteorological processes on the conditions of

oo

propagation cf long, medium, and short waves, which attracted the attention of many !

researchers and was the subject of numerous discussions, is now solved in the sense

= !
that these effects can practically be disregarded, whereas the question as to the ;
i effect. of the troposphere on the propagat.ion of radio waves shorter than 10 m was _'1
o= |
aolved quite differently. It has been established that the troposphere (i.e., the —
. 1
o) l f l
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- lower part of the atmosphere extending up to 12 - 16 km) plays an extremely important
N i

role in the processes of propagation of meter and shorter waves.
4

|
The cause of the troposphere effect is the heterogeneity of the atmosphere: 'l'heI
refractive index of the air depends on pressure, temperature, and humidity. Each of
these factors changes with the altitude, causing the magnitude of the refractive in-

dex of the air to vary. Under so-called ™ormal conditions"™ the refractive index

near the earth's surface has a value of n = 1.000338 and decreases uniformely with
the height, by 4 x 10~8 with each meter. As shown by elementary calculation, this
heterogeneity of the troposphere, which at first glance seems rather insignificant, °
" causes a considerable bending of the ray ﬁaths; under these conditions, they acquire
the shape of arches with a peripheral radius of 25,000 km, rotating convexly upward.
This phenomenon, which takes place also in the propagation of light waves, is called
atmospheric refraction. This makes it plausible that such bending can be disregarded
in the propagation of long, medium and short waves.
In the given ranges, the bending of waves around the globe is caused by more
strongly acting factors, such as diffraction and reflection from the ionosphere.
Therefore, one can disregard the insignificant bending of rays in the troposphere,

caused by atmospheric refraction. However, in the range of waves shorter than 10 m,

the effect ol diffraction of radio waves decreases sharply, so that even insignifi-
cant curvatures of the paths must be taken into consideration.

In 1933, it was shown that the effect of atmospheric refraction, when using ro-f
b - ' |
flection formlas, can be discounted by substituting, in the mathematical formulas, '

t

the real value of the radius of the globe R with a certain effective (usually larger)

value R!'., The quantity R! is determined by the condition of equality of the relative

curvature between the actual trajectory of the wave and the surface of the earth -

)

the relative curvature between the rectilinear ray and the surface of tha earth of

the effective radius. ! ¥

Yo o o e e

The question of the admissibility of such substitutiou was explored by B.A. i
2 | |
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" Vvedenskdy and M.I.Ponomirev in their joint work published in 1946. In this repart, |

|
{

) 'the authors proved the admissibility of usi.n,g the theory on the effective radius of_“
4

the globe for sufficiently slanting rays; the same report also defines the limits of'
|

applicability of the given concept. i !

o In 1933, the results of research on ths conditions of propagation of ultraahort'

’ [}

waves in a heterogeneous atmosphere, obtained by the Czech scientist P.Bekman, were ‘

~ published. ! ![

e = e ]

- 2, Calculation of Atmospheric Refraction from Diffraction Formulas

- t

After the theory of the effective radius of the globe was first applied to the

calculation of the phenomenon of atmospheric refraction on the basis of reflection

) formulas, individual authors started using an analogous procedure in calculations

with diffraction formulas, | ;

In the report by B.A.Fok, published in 19,8, the question of simultaneous calcu-

lations of the effect of diffraction and atmospheric refraction was thoroughly re-

viewed. It was also shown, that, if the value of the refractive index of the air

. changes uniformely within the boundaries of the atmosphere area, where the radio

waves bending around the globe are pm*opagéting, then the effect of atmospheric re-

fraction can actually be disregarded by substituting the effective value of the radi-
us of the globe for the one entering into the diffraction formulas. Generally, when’

. the refractive index changes with the altitude according to a more complicated law, i
|

b

i it is necessary to use a special formila for computing the effective radius of the
globe. ' 5

= | ,

3. Experinmental Data on Lonz-Ranre Propasation of Meter and Decimeter Radio Vaves
A |
The results of extended observations on long-range propagation of meter waves

2-—
were described in a series of works by the scientists Lauter and mnker of the Ger-

man Democratic Repub]ic. |




| — In proportion to the increase in the nuzber of television stations, more and |
Z— f
t

more references to long-range reception of television programs appear in the liteu-a-i

ture. In analyzing these cases of long-ra.nge reception of transmissions in the meter

% i

range, governed by the effect of the troposphere, it was found that all these can be
subdivided into two groups. The first group includes cases of regular (daily) recep—
h tion of signals. The second group comprises cases here the long-range reception of’
. |

signals is recorded only during fixed intervals of Lime and where the farthest trans-

mission is not of a regular character. In both these groups of observations, the re-

‘ ception of signals is accompanied by irregular and more or less sharp fluctuations |

in the power of reception. In analogy to the effects in the short and medium wave
- bands, these fluctuations are called fad.:l.ﬁg. ’
Figure 2 gives the results of measurements of the field strength in the range
under review, at substantial distances from the transmitters. The distances are plo'e-

ted on the abscissa and the field strength in decibels is plotted on the ordinate in
|

!

relation to 1 ¥ volt/m. :

The obtained findings are converted into 1 kw of radiated power for the isotrop‘-

ic transmitting antenna. The height of the transmitting antenna is of the order of ‘
150 m and that of the receiving antenna is 10 m.

Inasfar as the field at the point of reception is subjected to continuous oscil-

lations (fading), three curves ™' are plotted on the diagram for the simultaneous '

characteristic of mean values and degree of fading. The lowest curve characterizes '
i l
the so-called mean values of the field strength, i.e., values, which, in fact, are

exceednd in 503 of the time of observation. The center curve characterizes the val-l

ues which are exceeded in 10% of the time of observation. The upper curve represents

_the level of the field exceeded in 1% of the total time of observations. For compar-

iaon, curves ™" are plotted on the same diagram, calculated from diffraction form-

!
las, takdng into account normal atmospheric refraction. At the selected acalo, :

these curves degenerate 1nto straight lines. The upper one corresponia to the wave .
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- A= 6 m and tz= lower one to the wave X-'5O cm.

—

i

A study 2T the curves permits the following deductions: = — - - . — —
i

1) The E=1ds under actual observation begin to exceed the values computed on

the basis of t=Zfraction formlas, at distances a'tboveloo_ km. The greater éhe dis-
'~ tance from the transmitter, the larger will be the excess. At a distance of 200 lm,
|

1 t
F-’:— £ ? - T T T v Y
5 b [ | I i | Dogwm |
i 40 + * i i {p-1 —_—
- : | A= fra§ to 1.5 m
n 20—
12

1
)

0" - 20 |—+—+—

l!I
10 }1)

-l

088 ——i—
|

!
10 - 80 |———
w "_ fm __j_ ) | : y_{"
10" 120 - || +- 7z /% % |
L | D70 | I
wn o _ i " SO 500 0 km l

- - Fig.2 - Field Strength as a Function of Distance
a) According to experimental data; b) According to calculations by
diffraction formilas

" this excess (I waves of 6 m) amounts to 20 db, at 500 km to 86 db, and at 700 lm

|
I
|
e
_i
to 150 db)*. | |
* |
»

i
2) The fi=0ds, actually observed at considerable distances from the transmitter

* do not deperd 1z the frequency in the broad band. The inscriptions on the curves

e+ B T B L e o e R LI, _ el N P |
_ # The calculatz= curves for waves of 6 m cover only the distance of 550 km. '
_]‘ . } . . _ _ S e
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R

~ which pertain to the first group. |

0 e

- show that, in the ‘interval of A= 1. 5 mto A= 7 5 m am,' dependencc on frequency is
R . .
"completely absent. .. . _ _ _ _L U
4 o
- 3) The depth o fading is practica.l],y independent of the distance and reaches ;

(Y . ~E _ —

30 db (counting from the median values to the 1% le'-vel)

Observaticns showed that telephone tramsmission is not accompanied by noticeable
e

distortions (no observations of television transmitters were carried out because of i

N ]

" the limited power of existing television transmitters).
All the above relates to regularly (daily) ~bserved leveis of the field at con-

siderable distances from the transmitter, i.e., to cases of long-range reception
‘ i

4

As far as the characteristic of cases of long-range reception of the second

-
()

group is concerned, it has been so far im;oeeible to plot ary generalized curves for
the dependence of the field on distance. This is explained by the fact that the h~

) regular cases of long-range recertion strongly depend on local conditions and on the
meteorological medium: At some instants of the period the field strength may reach :

*magnitudes equal to those of the level of the field in free space. As a rule, long-
B range reception is accompanied by strong fading; the depth of the fading is also

) variabls. ! |
—i -
. |

L. Classification of Different Cases of Atmospheric Refraction :

! ; :
1 . +

In meteorology and physics, “he ccncept of the so-called "standard atmospheric :

3
»

N i
conditions™ came into increasing use, by which, conventionally, temperature of the

air at 15°C at a pressure of 1015 millibars is understood. It 1s absclutely clear .
trit, at a given point on the surface of the globe, such conditions can occur only |
when there is a somewhat favorable conctn'rence of circumstances. !

The first approximate measurements of the dependence of temperature on altitude.

showed that the temperature decreases on the average by 6. 5° with the elevation of !
!

L1 N O N

each kilometer. Taking into account. thie circumstance, t.he Internationa.l Cormd ssion

"\-—s—- ——— i —— — e — . ———— — — - ————— e e —— - e ———
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4 on Aeronavigat.ion introducéd the concept of the so-ca.lled "st.anda.rd atmosphere" I
. I |
| wheté the temperature equals 15°C near the surface of the earth and decreases even],r"

4hod |
by 6.5° with every kilometer. This temperature distribution conforms to the even do—'{

t S

crease of the refractive i.ndax of the air of the order of magnitudo of I x 10'8 with'

every meter. Such a dependence of the refractive index on the altitude agrees rathexl'
f
well with the theoretical value obtained for a well-mixed atmosphere at an adiabatic!

) temperature change with altitude. The atmospheric refraction taking place when such?

dependence of the refractive index on the altitude exists, will be denoted as

-—

"normal®™. ‘
Until recently, ineteorologists used father coarse devices for measuring the do—;

pendence of pressure, temperature, and humidity of the air on the altitude above tho;

* surface of the earth, which gave no information on the microstructure of the tropo- :

| sphere, Probably as a result of this, the opinion became widespread that the actuallz
distribution of the refractive index with aititude differs, in the majority of cases,
only insignificantly from the ™ormal"™ distribution.

_ When it was established that even insignificant deviations in the distribution t
of pressure, temperature, and humidity with altitude have a strong effect on the prop-
agation of ultrashort waves, il became deéirable to develop more sensitive measuring;

_ devices which would permii an investigatioln of the microstructure of the 'c.x-opoe!;:hem.i

ﬂSome authors began to call this new branch of meteorology, micrometoeorology. !

At present, the literature contains publications on the results of the measur-

- ing the dependence of the refractive :!.nclex| on altitude, for many points of the globo.

.A.n analysis of the results shows that, only in a comparatively small number of cases,!

can it be expected that the actual distrib'ution differs little from the so-called

"ormal™ one. In the majority of cases, substantial deviations take place. 'l

. A1l types of the observed distributio'n of the refractive index with altitude 1

’-._’can be subdivided into the following groupw ‘

P . S e 1
l 1) Absenco of Atmos;heric Refraction. It pcressure, t.emperature, and air h\m‘!.d-‘

o)

U | P P - e [

l
471 o
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- ity change with ‘the a.ltitude according to a law where the refractive irdex will not '

o

dopend on the altitule at certain 1nterva‘l.s of distance, Mabsence of atmospheric re-

4.
" fraction™ in the given interval of dtitudes is involved. In this area of the tropo-

e N e
amere, radio waves propagat.e in rectilinea.r trajectoriea.

'
1

€ e

2) Negative Atmospheric Refraction. If the troposphere is characterized by such
"= a distribution of pressure, temperature, and humidity with altitude that the refrac-
tive index increases witl the altitude, then the ultrashort waves will propagate in
trajectories rotating convexly downward. ‘In this process, the rays diverge from the
earth?!s surface. In cases of negat.ve refraction, the range of direct visibility as:
well as the range of propagation of the ultrashort waves decrease.
3) Positive Atmospheric Refraction. A positive atmospheric refraction takes
B place in cases where the refractive index of the troposphere decreases with altitude,
causing the ultrashort waves to propagate in trajectories rotating convexly upward.
In all, three different possibilities of positive atmospheric refraction can be dif-
" ferentiated. :
‘ a) The so-called ™ormal atmospheric refraction", where the refractive index of
h the air decreases uniformly with the every meter of height to a magnitude of 4 x 10
| This cass was discussed above; ‘
- by The so-called Mcritical atmospheric refraction™, where the refractive index '
| ¢->f the air decreases uniformly with every meter to a magnitude of 1.57 x 107 7. At
x such a fast change in the magnitude of the refractive index, the paths 7 ths ultr&-;
LS |

short waves assume the form of arcs of a circle whose radius is equal to the radius

_ of the earth; l

¢ ]

| ¢) The so-called Msuper-refraction”, where the refractive index of the air de-
! ~ creases with altitude even faster than in the case of critical refraction. The re- ‘

) fractivity of the troposphere increases g;re 1tly in the process, so that the suffici-
5 v
ently alant.ing rﬂys which undergo full internal reflection, return to the surface |

Yoo o — ———— - — =

of the earth. Under the mnnence of super-refraction, the distance of propagation ?

el ‘ |
L P-TS-9076/Y il |
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- of ultrashort waves increases sharply. In Fig.3, the trajectoriea of radio waves a.rc;
I '
shown schematically at various atmos;ineric refractions. S ; I

5. The Phenomenon of Super-Refraction of Ultrashort Waves e o e 1 o e e
j :

In 19L4, working on the theory of propagation of radio waves in waveguides, P.-'
Ye.Krasnushkin mentioned the possibility of long-range propagation of ultrashort |
waves in waveguides, taking pla.ce,!

in the lower layers of the tropo-;
sphere. Less than a year later, '
cases of super—distant propagation

of decimeter and centimeter radio!

* waves were actually discovered :Ln!
various places of the globe, which

confirmed the accuracy of the the-

o : ory developed by P.Ye.Krasnushkin,

Fig.3 - Trajectories of Meter Radio VWaves at The problem of super-refrac-
Different Forms of Atmospheric Refraction tion or mropagation of ultrashortf

1 - Absence of atrmospheric refraction; waves in atmospheric waveguides

- 2 - Negative atmospheric refraction; attracted the attention of many i
o 3a - Positive atmospheric refraction; researchers. It should be mentiori-
) 3b - Normal atmospheric refraction; ed here that detailed theoretical ;
3¢ - Super-refraction ' investigations were made by the 5

Soviet scientists L.M.Brekhovsidy!

L .1v

and V.A.Fok and by the foreign scientists Buker, Pekeris, MacFarlan, and others. f

il P.Ye.Krasnushkin proceeded in his investigations from the idea of so-called l

‘Mnormal waves", V.A.Fok, using the analogy between the waveguide propagation of radio
I3 {

" waves and the qua.ntum-mecha.nics passage of pa.rticles through the potential barrier ‘.

as basis, obtained a more general ard more rigid solution of the problem of super- ‘

o | |
. P-TS-9076/¥_____ - LB ‘
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- refraction.

-5 ;

A comparison of the observations of super—diﬂtant propagation of meter waves and

e l

i
i
ot
_ shorter waves with the results of meteorological measurements showed that two procea-

»

~ses are instrumental in producing the phenomencn of super-refraction° the occurrence

. I

W ===

of temperature inversion and the sharp decrease in air humidity :rith altitude. Tem-

perature inversion is the disturbance of the normal dependence of the temperature of
- l
the air on altitude, which manifests itselr in that, at a certain interval of alti- |

- tudes, the temperature starts increasing instead of decreasing with altitude, as is |
'

-'usually the case. The existence of the phenomenon of temperature inversion had been
-.known in the last century; however, detailed investigations of this interesting pheng

L
L |

omenon were made only during the last several years, in connection with the develop- l
ment of micrometeorology. Both the temperature inversion and the sharp decrease in | '
- air humidity with altitude, promote an accelerated decrease in the refractive index i

“of the air in proportion to the increase in altitude, which, as mentioned above, is |

the cause of the phenomenon of super-refraction. '
!

At present, the conditions leading to temperature inversion have been studied E

‘rather thoroughly. Without enumerating all these conditions, we will merely mentionj

' " that the formation of temperature inversién is promoted by anticyclones, i.e., the i
formation, on the earth's surface, of areas with high atmospheric pressure, charac-
>“terized by good, stable weather. In the area encompassed by the anticyclone, set-

|
tling of air masses takes place, which warm up in the process of compression. It isi

0
this heating ap that leads to local elevations of temperature. 1
L } i

. A thorough study of the process of propagation of ultrashort waves in wave-
| i
guides shows that the ™rapping™ by the waveguide of the propagating radio waves can,

occur only in cases when the altitude of the waveguide fromation exceeds by some tens
S ] '
- of times the length of the propagating wave. It follows from this that the atmos-
)2y

pheric waveguides which are usually formed, contribute to the long—range p*opagationi

) el - — L L —. R = R

n of only decimeter and centimeter waves, High waveguide formations in which meter

e _ D N oy o iy 4 . I

33 ;
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_waves could propagate are observed much less frequently.

- l

The formation of waveguide channels explains the long-range propagation of ze——
!

_' ter waves in odd cases, belonging to the second group. Even a partial eacompassizg

¢ | R P
_ of radio waves (when ‘the wavv.sguide formation is not rully developed) leads s in a =m-

=

4

]_\ 1

ber of cases, to a noticeable increase in the distance of propagation of meter weres

SO f
f

6. The Phenomenon of Diffusion of Meter Waves in the Troposphere

k |

[
— e

It is impossible to use the phenomenon of super-refraction for explaining the

N systematic excesses of the field in the ultrashort-wave band at considerable distm—l
] I

ces from the transmitter, by comparing wit.h the field computed from diffraction frm—
' |
!

ulas, taking into account norral atmospheric refraction. Among other explanations

for this interesting occurrence, by far the most plausible is the theory of difmsion

of radio waves in the troposphere, first elaborated by V.A.Krasil'nikov and devel:;:ed

by Buker, Gordon, and other authors. | !
!

: l

The essence of this theory is as follows: The multitude of phenomena irvolvel

| i

shows convincingly that a turbulent, i.e., irregular rovement of the air in the tropo-

_——

; sphere is taking place continuously. In particular, observations on the motion of

'
i
- smoke plures from factory stacks prove this effect. The smoke usually swirls, i.e.,i
rises along a winding path, at times of bil.za.rre shapes. The phenomenon of twinldfr.gi
J-of the stars is also explained by the state of turbulence of the air. ;

]
The cause of this turbulence lies in the unequal heating (and, accordingly,

|
cooling) of different parts of the earth's surface. A plowed area is warmed up iz a!
[ }
- different way than a surface of a lake or mowed n2adow. The air currents rising
b - I
above these areas ascend at different speeds, come into contact, intermix, and form |

vortices. Any, even the most ..nsi@ifica.nt, temperature changes during this process

'leads to equally insignificant changes in the values of the refractive index of the ]

atmos;here. In the end, the atmosphere acquires a sort of granula.r structure, whmali

LR oo —o e 8 =1 e —

the "grains" which correspord to the va.lue's of the refractive index, diffar.mg

Vo

o8
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= slightly from the va.luea of the environment are prope]led back and forth incessn.ntly

0_,; {
. and irregularly. - R . . SR _|
4_J l
= The effect on the propagation of vltrashort waves is produced by areas of the
€. . : l - _ W S AL B T
. troposphere which are situated high enough (from 5 to 10 km) and which, simultaneous—
' |

B ly, are visible from points on the earth's surface several hundred kilometers apart.

Fig.L, - Diagram of the Diffusion of Meter Radio Waves

in the Troposphere
|

1
t
i

’I'he radio waves, emitted by the transnitter, on reaching the given area, are pa.rtial-'.

ly diffused as a result of the granular structure of the troposphere, as is shown in|

- Fig.4. Part of the diffused radiation, entering the zone of the receiving antenna,
permits long-range reception of the signa.ls. Inasrmch as turbulence of the tropo-
— I i

sphere is always present, while various types of weather have an effect only on the .

{ '
- magnitude of individual heterogeneities (g;rains) , it is this very quality of the ,

) |
troposphere that is responsible for the regu.La.r reception of signals at distances

]
52

exceeding the normal distance of pm'Opagation of the diffractional radio waves. '

e ———— e 6 o= —m s - — Hoo s oo

-i Some authors, including Feynshteyn, explain the long—ra.nve propagation of ultra,-

) |
] | |
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- short. waves by pa.rtia.l reflectiox:xs from tho heterogeneities of the tropoa;here. ‘

43" ' | TONOSPHERIC PROPAGATION OF RADIO WAVES
!

t TS S W SN

t

1. Newest. Data on the Composition a.rd Structure of the Earth?!s Atmosphere ;
B I ‘

<L
It seems plausible that progress in realizing reliable and uninterrupted com-

minications on short waves is based on the knowledge of the formation of the 1onized‘

la.yers of the air and the processes ta.ld.ng place thaire.

Until recently, our informa“ion on the composition of the upper layers of the

atmospnere was based on indirect observations (observations of the aurora polaris,
[

!
|
|
|
P
|
" the luminescence of the night sky, movement of meteors, etc.), as well -3 on direct |
t

“ observa‘ions, obtained from radio exploration of the ionosphere with the aid of ra.dio
pulses emitted by the iorospheric stations. In rscent years, the literature con- 3
tained publications on preliminary results of direct study of the ilonosphere by means

of measuring devices installed in rockets. Up to the present time, altitudes of 160
|

km were reached. A preliminary evaluation of the results of the measurements con~ |
_ i
firms vthe previously expressed theory on the existence of a maxirum temperature at

an altitude oy 50 km and a sharp rise in temperature, beginning with altitudes of

km, the atmosphere has the same composition as at the surface of the earth.

—_ |

|

i

_. i
80 km, The results of the measurements also show that, up to altitudes of 100 - 120'

i |

|

|

|

Explorations of the atmosphere by rockets are only in their beginning, and there

—

{ {
is every reason to believe that in the next few years considerably more complete data

) | i

will be obtained with respect to the composition and structure of the atmosphere of ‘

‘the earth.

2. Tonospheric Winds

53-' Among the explorers of the ionosphere the view was widespread for quite a long

Pk timo that intensive mixing is peculiar only to the lower layers of the air,--Thus,—

]

—1
it was assumed thct in the area of the 1onized layers, the atmosphere is in a com~—

L PTS-90T6/Y ~52.

PSR ¥




e — — - B e L e wee——F oo

~paratively stable state. N
'7._J

_'. Complex studies made during the lastlseveral years at different points of the -

4 _| )
. globe showed the fallacy of this concept.. These studies are called "complex®™ for |
!

[&
thc reason that the conclusions as to the character of the movement of the 1onized :

v
¢

..1r masses were drawn by comparing the data on radio probing of the ionosphere with .
- observations on the character of fading, on meteor trails in the atmosphere, on the
- twinkling of radio sta-s, and on the auro:tas. |

It can now be taken for granted that Icomsta.ni; and rather rapid shifting of the i
'ionized air masses is taking place in the ionosphere, known under the cormon name of'
™ onospheric winds®. The main cause of t};zia is the thermal and gravitational effect’
of the sun (i.e., the phenomenon of tides in the ionosphere), while the tidal effect
of the moon plays on'y a secondary role. ’l‘he similtaneous vertical shifting of air
.ma.sses in the lower layers of the atmosphere leads to a horizontal displacement of
 the air. |
=4 The rate of the horizontal shifting 5'.3 hundreds of meters per second, whereas
ﬁ the vertical rate of displacement is only | 5 m/sec. The measurements carried out by :
© V.A.Baranul'ko showed that, in July 1952, the rate of travel of ionized clouds abovul

= f
Moscow, at the altitude of a sporadic E layer was 85 m/sec. |

o |

3. Fluctuating processes in the Ionospl1erc. The Fine Structure of Ionized lLayers |

|
The last few years are characterized also by a change of views as to the fine

l
i l
structure of the ionized layers of the atmosphere. The results of the evaluation of i

P !
the first measurements at atmospheric stations gave reason to believe that during E
calm ionosphere days the D, E, and Py layers have a normal structure and are charac-

tcrized by a monotonous change in the clec'cmn concentration in the interval from

thc minimm to the maximum; in pace with the perfection of the technique of iono-

)
D

spheric measurements and with the greater permissiblc capacity of the 1onosxhere sta—

LI Q. S8

tiona, it becam appa.rcnt that fluctuations, i.e., irregula.r oscillations 1n the valn-

ssj !
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- ues of the electron concentration, in the ionosphere are taking place constantly. |

The fluctuations are due to the heterogeneity of the ionizing radjation and to the

~

{1 }
turbulent (eddy) movement of the ionized air. Taking into consideration all these

’
~ —

factors, we cannot fail to reach the conclusion that the 10nosi:here possesses a |

- coarse structure and that any reflection from the ionosphere will inevitably have a

partially diffusing character. lore than that, the propagation of the ray in the

heterogeneous atmosphere will be accompani'ed by a partial diffusion of energy sirdiar

" to what s happening in a Pturbid medium, ;
Contemporary ideas on the composition and formation of ionized layers and dis- E
tribution of the ionization on the scale c;f the globe are based to a considerable |
extent on the fruitful work of many years .by V.N.Kessenikh and his pupils, !

The fine stiucture of the ionosphere was explored in a series of works by Ya.l.

- Alpert, which give numerical data on the measurement of heterogeneities, the rate of

B chaotic motion in the ionosphere, and the "degree of turbidity™ of the ionosphere. ;
— s
!
|

L. Jonospheric Disturbances

The basic cause of disruption of ultrashort wave communications are ionosmeric!
i

“ disturbances., Therefore, it is easy to understand, that rasearch during the last texlt

vyea.rs centered on the study of processes taking place in the ionosphere during dis-

turbances and to the development of methods of predicting these perturbations.

J——,

tlorthy of attention are the new theories of atmospheric disturbances, in which,

]
4

" in contrast to the now classical theory of Chapran and Ferraro, it is presumed that
|

'
G

N the irmediate cause of the perturbations in the ionosphere during disturbances, is |
| ] '

— T

not the stream of corpuscles penetrating the iorosphere but the electromagnetic fieltjl

¢
'

ol these streams which, in their movements, envelop the globe, similar to the flow [

of a fluid around the obstacles encountered on its course. |
ri— ‘
A comparison of data on ionospheric measurements with the processes taking pla.c?

Vo e—

on the surface of the sun, characterizing the manifestations of solar activity, per-

-

S8
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:-u:it.-tod substanf.iél success in the forecasting c;; —a't‘n;siphefic disturbancea.- IJn this
2 !
light, a paper of considerable interest is the monograph by the Soviet astronomers -

§ | :
.- Me3.Eygenson, M.N.CGnevyshev, A.I. 0l', and B.M.Rubashev, devoted to the activity of

~ :
< S e =oo [ TS o — s o oo o o F A om0

ths sun ard its terrevstrial;anife'stationg.

£, Sporadic Phenomena in the Ionosphere

The question of formation in the ion<;3phere of sporadic layers E, and ch is
closely connected with the ionospheric disturbances. A large number of papers in the
literature was devoted to further experimental and theoretical research amd study of'
~ sporadic formations in the ionosphere, yielding complementary data on the frequency
of their generation, magnitude, and rate 61‘ displacement. The question as to the
cause of the formation of the sporadic layers still remains open. The majority of
authors link the formation of sporadic layers to the corpuscular as well as to the
meteoric ionization. Interesting is the effort to explain the effect of reflection :
. from the sporadic E layer by the turbulent; motion of ionized air. According to thisl
theory, the reflection of radio waves is éaused by the heterogeneities of the sporad-

ic B layero

|
' 6. Nonlinear Processes in the Jonosphere {

1
M.A.Bonch-Bruyevich, in 1932, was the first to point to the possibility of the
existence in the ionosphere of nonlinear phenomena, Soon afterwards, the so-called
L f
Luxembourg - Gorkly effect was discovered, i.e., interfering influenrces of powerful

- radiobroadcasting stations on the transrission of other stations in the medium-wave

%a

range. The elementary theory of this occurrence was worked out in 193) by Bailey
15 )
_'and Martin.
Do—

- During the last several years, the question of nonlinear processes in the iono-

~ sphere was subjected to a more compiete and rigid review in a series of works by

M e DS T S B _s—,

;V.L.Ginzburg. The theory developed by V.L,Ginzburg permits exploring not only the l

DD e
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g Luxembourg - Gorldy effect, but also other ma.nifestatiuns of the nonlinearity of tho
i
ionosphere, such as for example the dependence of the absorption of radio waves on —.
4] i
their amplitudes (V.P.Tselishchev referred to this in 19&0), the generation of dis-

q

1

tortions in the propagation of modulated osci]lations, etc.

- |

i

|
7. Development of the Theorvy of Proparation of Ralio Waves in *he JTonosphere ‘

- — t

During the last several years, considerabl: success was obtained in the study
of the processes of propagation of radio waves in the ionosphere. While the first

theories of propagation were based on the conception of the ionosphere as an electron

gas, modern theories are characterized by a more general approach to the phenomena

under study;: in these, the ioncsphere is regarded as an electiron-ion plasma in the ,

magnetic field of ithe earth. The existence of the electromagnetic field imparts to

the plasrma the properties of an anisotropic envirorment, whose properties depend on ;

the direction of propagstion of the waves.,
f
- One of the most complete and rigid theories of prcepagation of radiv waves in th,

I
ionosphere was developed by V.L.Ginzburg. This theory takes into account the phen-

| omena of ionizatioi, of simple and complex recombination, adherence of the electrons
to the neutral molecules, detachment of the electrons from the neutral molecules un-

) der the influence of the quanta of extrinsic radiation, elastic and rigid collisions

of the electrons with neutral molecules, ions, and other electrons. Fw an analysis

of some of these processes, methods of quantum mechanics are applied.
N !

A more general analysis of the question shows that, in addition to the forced

oscillations of the charged particles in the plasma due to the action of the propa-
|

gating wave in the plasma, specific, longitudinal, so-called plasmatic waves other-

b g }
wise called magneto-hydrodynamic waves are generated in the plasma itself (these

[ |

waves were first submitted for an analysis by the Swedish astronomer EKh.Alfven, \then

) he was exploring certain problems of cosmic elertrodynamics).
I S s B e, L =i e
- As yet it is difficult to dafme the pLayed by the glasmat.ic wvaves in the
R . y = ==
53 !
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~'ionosphere, from the point of view of ;ropagation of radio waves there. It is pos-

9

-

. 8ible that these generate shifts of the Zonosphere, which are the cause of the fadiné

4 ¢
jof signals. It is well possibls that tr= plasma waves immediately start interacting

6_ N e ey

~'with the transverse radio waves. Howav-—, there can be no doubt of the great useful-.
l

{\
-.Jnesa of the new approach to the processz= in the ionosphere, based on the conception:
10

_'of the ionosphere as a fluid contained = the constant magnetic field of the earth,
i2 ‘

"and based on the application of the the—r of conducting fluids to the studied pro-

cesses of the mathematical apparatus of —3drodynamics.
A whele series of works by Soviet z—thors, published in recent years, was devot-

g
g
_ ed to the question - important for moder— technique of radio communications - of

204
. propagation of pulse signals in the ionrsThere. Here, the papers by V.N.Kessenikh

and his pupils, the papers by V.L.Ginzbr—z and others should be mentioned. Their re-

JLE S

ports give a sufficiently complete idea —= the character of the distortions accompa.—é

——nying the propagation of pulse signals. !
i
The contemporary theory of propagaiio-n of radio waves in the ionosphere permits

_ satisfactory solutions only for the sim”=st cases of propagation of radio waves, in;

~particula.r, for the vertically directed ==y. The problem of inclined propagation of

1y
radio waves, the most interesting radio =orrmunication system for practice, is still

wfar from a strict solution.

e

33

8., Modern Methods of Computating Short-iz—= Lines of Radio Comrmnication

Ths production of more complete datz on the composition of the ionized layers
of the atmosphere and a more profound uri=rstanding of the process of absorption amd
reflection of radio waves in the ionosphz=—e served as a reliable basis for the de-

i

i

|

) )
g !
veloprent of a new method of computating =hort-wave lines of radio communication. I
I
|

B ‘Special mention should be made of comput:=ion method suggested by A.N.Kazantsev, ‘
D=
Contrary to previously recommended compwz=ztion methods, this method - simple and con=

[ PR

venient. to apply - permits a considera.tlz of the absorption suffered by radio wavss,

0
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in a.ll layers of the atmosphere, :lncluding the reflecting layer, a fart of pa.rticul;

to

!-LJ': e

|
' importance when calculating fields in nocturnal hourse - — —— —

During the last few years, some papers were published on the graphic calculation
¢

"of short-wave radio-commmication lines. '

!
9. Diffusion of Meter Radio Waves in the Jonosphere

§

L

B

[

Most recently reports were published on the discovery of a systematic reception
i
of transmissions in the meter-wave range, at distances exceeding 1000 km. Such cases

of distant reception cannot be explained eit.ier by the phenomenon of diffusion in t.hl

= i
troposphere or, even less so, by super-refra.ction.
A% !

The most plausible seems the concept that the cause of super-distant propagation

-_-—ﬂ of meter waves is the diffusion in the ionosphere, similar in its mechanism to the ,|
diffusion in the troposphere., There is reason to believe that these heterogeneitiea;

- |

in the ionospinere originate not only as a result of the fluctuating processes but al-
oo ] !

. — i

so under the influence of meteor streams. Apart from large meteors observed in the
form of "shooting stars", particles of co;mic dust constantly penetrate the atmos-
phere, which, in the aggregate, create ionization leading to noticeable heterogene-
" ities in the ionosphere. |

o It is well possible that the phenomenon of diffusion of meter radio waves in

the ionosphere can be utilized for establishing distant telegraph amd telephone com-

S

minications in this range.

-
i
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1o RADIOTRANSMITTING SYSTEMS
il |

A G by

6 :1 Z.1.Model?

15| ‘

t0

]

T Introduction

The history of the development of radiotransmitting systems has its beginning
|

in the works of the great inventor of radio, Alexander Stepanovich Popove In his

—_— i
first experiments, a spark detector with a Hertz oscillator served as a radio trans-:
l
mitter, fed by an inducticn coil with chopper. The connection of a telegraph switch
" into the primary circuit of the coil permitted A.S.Popov to establish, for the first

—_— .

time, radiotelegraph communication. l

—

Later experiments of A.S.Popov, carried out with a view to increasing the range
ars |
of the transmitter, led to a substitution of the oscillator by an antenna with a

R

I
ground system. Transmitters for the Navy during the last several years were ma.nufac-;
- |

tured according to this principle. !

—

In 1899, the system of A.S.Popov was further developed by the German physicist

K.Braun by housing the spark gap into a closed circuit connected with the antenna.
. The introduction of spark gaps with high-speed deionization (the multiple spark gap
Ly ! !
of M.Vin, the rotating one of G.lMarconi) which followed later, opened possibilities |

—

ffor a considerable growth of the capacity tot‘ spark transmitters and improved the [
= | '

quality of reception of radiotelegraph tra.nsmiseiona.

| ~The development of the technique of epa.rk transmitters was further promoted- by-

the classical exploration of the influence of spark discharges on the processes in—

l
-__LP-rs_-9o76ﬂ___ _5‘9_
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- the oscillat.ory circuit made by the Russian physicist D.A.Rozhanskliy.
) _! ) In proportion to the increass in the?number of spark transmitters and their ca~

|
pacit.y, the inadequacy of fading oscillations became more apparent: interference due
t ' —_— S

to the rather wide frequency spectrum, difficulties in insulating the antenna 'becauso

of the increased voltage during the initial oscillaticns; impossibility of establiah-

:Lng radiotelegraphic transmission. During the Forties, the spark transmitters were
I |

gradually superseded by transmitters of nonfading oscillations -~ ares and alternator?.

' |
At first, arc transmitters were preferred. Their capacity reached 1500 kw which

_ ensured radiotelegraph communication at distances up to 10,000 km. Then, alternator
|

" transmitters became predominant, due to their higher efficiercy, more stable frequen-l

- cy, and absence of secondary emissions. Within a short time, several types of high-i

x frequency alternators were developed. In the majority of these, the frequency did

not exceed 20 kc so that the frequencies necessary for radio comrunication had to be:

~ obtained by the use of static multipliers. Since the rmultiplication of frequencies ’
Wie I :
was connected with energy losses, alternator transmitters as well as arc transmitters'
-)n ' i

were built mainly for operation on long waves,

The possibility of generating high-frequency oscillations by electron tubes was
discovered by A.Meissner (Germany) in 19l3. Later on, it was found that such tubes |

can generate oscillations wi*h 2 r‘onsidera.ble frequency stability over a rather wide!

Yot !

- range, starting with the long waves and ending with very short ones; i{ was also

tortions in a vacuum-tube generator than in generators of the arc and alternator

Vo

.. type.

1. i
i

i

j

l

| ‘ 5
found that radiotelephone modulation is cbtained inore readily and with smaller dis- !
i

';

After the First World War, low-power vacuum-tube transmitters, mainly medium- '

|

f

1)__;

50 1 A
‘Low-power transmitters designed by radio anateurs, to whom the unused short-wave

wave transmitters, were being used for telegraphy, telephony, and radiobroadcasting.,
|

band was allotted, made their appearance. !
4

At that time the majority of radiotechnical experts belioved that the use of

o e =3
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— ' electron tubes would be limited to transmitting equipnent. of low power and that, for !

~

-

|
:_l long-range commnication, realizable only on long waves, alternator transmitters _ ._!
4

—'would have to be used, {

6 _| == I - = ==

j This prediction was soon refuted by tho vigorous growth of radiobroadcasting,

¢ [
— the success in vacuum technique, and records of long-range communications, establish-

0 I !

_ ed on short waves by amateur transmitter eots of low power. M.A.Bonch-Bruyevich, be-

i 2 —i

' _ ing the first to use water-cooling of the tube, proved the possibility of producing ’
) high-power tubes. In 1923, he produced an oscillator tube of 25 kw power, and during
a __:192!; - 25 one of 100 kwe In the field of.professional radio cormunication, short i
:t waves supplanted long waves, and the consti.ruction of alternator transmitters ceaaed*:
2)

T Creating new types of radiotransmittin,g arrays of the tube category, Soviet ra»-z

1
18

dio specialists similtaneously did detailed research and developed original calcu-

- lations methods,

Primarily, it became necessary to create a method of calculating the vacuum-tube

i
generator, suitable for a theoretical analysis and engineering planning. In other
- |

l
|
countries , a graphic method was developed, rather bulky and unsuitable for eng:’mea\-:

. ing practice. The outstanding Soviet scientist M.V.Shuleykin, suggested to idealizo

" the tube characteristics in the form of straight Jines. On the basis of such an ido%
Mell Y |

alization, rather simple and at the same time sufficiently accurate methods for cal-|

[P p—

. culating the tube generator were devoloped during the last several years. The method
—‘ of linear idealization reached full completion in the work by A.I.Berg who, in 1936,!
1 l
created an orderly procedure for calculating the various conditions of the generator.

‘ ' |

5 ,____‘
Approximately up to the middle Twenties, tube transmitters were designed as 5

= I
single-phase devices with self-excitation. V/ith the increase in number of transmit-’

# It is interesting to note that during the Second VWorld War a long-wave tube trans—i

— |
mitter (waves above 20 lm) of 1000 kw power was built in Germany despite the exist-

.__,

" ence of alternator generators. In the USA, in 1952,. a long-wave radio station — —

- — !
- (range 8.6 - 20.7 km) was built, consisting of two tube transmitters of 500 kw- each.:
;aj |
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~ ters, the requitcment- gr-w as to their frequency stability. The single-phase de-

By

-

. vices were replaced by two- and three-phase devices ar. soon afterwards by polyphasa
4 |
- devices with low-power exciters, characterized by their higher frequency stability.
& - I

- Success in the field of frr'quency stabilization of radio transmitters was achieved

R

because of the work of rany radio specialists » including B.K.Shembelm M.S.Neyman,
R |
Yu.B.Kobzarev (USSR). ,!

I

S

The switching to separate excitation was readily accomplished only in transmit-

ters operating on waves longer than 500 - 1000 m. Substantial difficulties were cre¥

ated with respect of shorter waves: The interelectrode capacitance and inductance ofl

the tube output generated parasite connections between the input and output circuits'

- site connections led to self-excitation of the steps. :
oL I
To eliminate these parasite connections, oscillator tubes were developed toward

L n
the end of the Twenties with plate grids, first tetrodes and then pentodes. However,

B the first experiments showed that, at surficiently high frequencies and at high powex",

the screen grid loses its properties because of the inductance of its output. There-‘-

_. fore, the field of application of sc' 2en-grid tubes was limdted to frequencies lowar,

) than 30 megacycles and powers of the ordexf of 1 kw.

To elirinate parasite connections ir the stages of the transmitter, based on

triodes, neutralization devices known from radio receiving technique were applied,
The theoretical irnvestigations by G.A.Zeytlyenk, I.Kh.Nevyazhskiy, and other Soviet
[
specialists, as well as those by V.Kurmerer and V.Bushbek (Germany), V.Dogerti (USA)

= |
and others, showed that these devices are of little use in the wide band of short

l'

waves, since they disconnect the input and output circuits of the HF amplifier only
-1 0 !

in a certain frequency band and since, berond these boundaries, the spurious coupling
N .

:xray even intensify. The neutralization devices offered by G.A.Zeytlyenk, V.V.Tatari-
-
nov, Z.V.Topuria, V.Bushbek, and others, permitted to rake the amplification on lho

"waves more stable. However, in full meas xe, the ;roblem of ata.ble operation of i

v 4
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high-pcwer amplifiere on high frequencies , particularly in the rangee of short and

—Tultraehort waves, remained without a solution. . __. NN U S, T N R

4 | |
|
!
f
i

j. The development of radiobroadcasting ia characterized by a continuous step-up
(3 e N e

of the quality factors of the tranamitters and the increase in their power.
(g

- At first, the basic task was to obtain a stable linear radiotelephon modulation.

-~ —4' |
Therefore, plate modulation was generally applied to single-phase transmitters. On !
- i
changing to separate excitation and increased power, it was easier to keep distor- |

i
|

: tiona to a minimm by using plate or grid modulation in the low-power stage and by
amplifying the modulated oscillations in t}'e subsequent stages. Thus, in the begin-!
ning of the Thirties, the system of amplit‘ying modulated oscillations was universally

accepted. A thorough elaboration of the questions of the 1tinearity of the a.mplifica-

3
. i

tion and of the frequency distortions permitted the construction, according to this
system, of transmitters with rather high electro-acoustic irdexes.
In proportion to the further growth of the power of radicbroadcasting tra.nsmit-5
: ters, the deficiencies of the amplifying system of modulated oscillators became more:
" and mare pronounced - the low efficiency of the transmitter (no more than 20%) and a:
|

" considerable rated power of the tube, !

!
The search for new, more efficient, systems led again to the method of plate
yo

!
modulation in the final stage of the transmitter, but now with a high~power modula-

R '

tor, operating on a class B two-cycle circuit. In the middle Thirties, the system
i

—_

of "class B plate .odulation™ started to supersede the system of amplification modu—i
! !
- l |
lated oscillations. Simitaneously, unsuccessful efforts were made to maintain the .

S, ! i

latter by applying powerful amplification of modulated oscillations according to the;

complicated device of V.Dogerti, which ensures a higher efficiency of the amplifier.,

Pull utilization of the eneryy resources of these systems led to higher nonlinear .

) -—
i

dhtortions relative to the usual amplificot.ion of modulated oscillations. The use ‘

y.—

of a deep negative feedback eliminated this deficiency, permtting a subst.a.ntial low-

Ve o e —_—— e — e

ering of the nonlinear dietortionl. ' '
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by :
the question as to the sources of their B supply was raised. At that time, other

-
. fed by threo—phase current. '

Y

A |

= oo e .- - - em—
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" The perfection of the methods and technique of modulation can be attributed to
a lsrge extent to the work by Soviet radio spacialists (M.A.Bcuch-Bruyevich, AJL.- -
Mints, I1.G.Klyatskin, N.K.Titov, S. V.Peru:)n, Z.1.Model?, N.I.Oganov, and others).
t 'I'hey worked out en,g:meering calculations for mduiaﬁt;n, recommended oriym-i;_——
vices, and explored the questions of distortious and their eliminatica.

The foundation for the erecting of powerful radiobroadcasting stations was laid
" by M.A.Bonch-Bruyevich. In 1922, a 12 kw‘radio station was built under his guidance)

T and in 1727 ¢ 0 ke radio station. At that time, both radio stations were the most
’ powerful in the world. From 1928, work 11:1 the field of constructing powerful radio
stations was headed by A.L.Mints, 1In 192§, the most powerful radio station in Bur-
ope, the 100-kw radio station VTsSPS, waa:buﬂt under his guidance; in 1932, a 500-kw

radio station was built, named Komintern; and during 1937 - 38, a short-wave 120-kw

radiobroadcasting station was erected (the last two stations are the most powerful 1n

: ' |
the world). The erection of each of these stations constituted a new forward step in
- |
the development of radiobroadcasting technique, strengthening the lead of Soviet sci-

. |
ence and industry in the field of powerful radio constructions.

In the Twenties, in connection with the construction of powerful transmitters,

!

: r
countries used kenotron rectifiers, which had a low efficiency due to the steep vol-

tage drop in the kenotrons. V.P.Vologdin - a pioneer in the field of designing high-
|

voltage rectifiers based on ionic tubes - developed high-voltage mercury lamps, cre-
|

ated the theory of the ionic rectifier based on the smoothing filter, and recommend-

e !
ed an original device of cascade rectification. A.M.Kugushev developed a rectifier

. !
(first on kenotrons, then on mercury lamps) according to the three-phase bridge prin-

—

ciple suggested by A.N.Larionov in 1923. A few years later, this system, based on
' l

gas rectifiers and other types of tubes, became the most common type in rectifiers

!

- In the 'rwentiea, studies bega.n on ‘.he apacific qualities of the genmtion of

. P<TS-9076/Y _ __ 6':._
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- u'.ltrahigh frequencies (UHF), at firet with tho aid of tubes with control grids, and

a9

;‘then by means of magnetrons and klystronu.' In the Thirties, the use of the meter-
4

- 'wave range for television, radiobroadca«ting with frequency modulations, radar, and
6 .. S————

_ 'other applications was intensified. ‘The rapid development of radar and radio-relay

£
<

‘commmicationa that followed, led to a new branch or radio technique, based on the
.0 |

‘application of decimeter and centimeter waves.
12_.‘

|
- Toward the end of the prewar periocd, the technique of radiotransmitting devices,

. t
e —

' operating in the ranges of long, mediunm, and short waves, reached high perfection.
* —— This permitted building, in the USSR during the years of the Creat Patriotic War, a

18\.—“‘ pedium-wave radio station, which is even r:aw the most powerful in the world.

2)-: In subsequent years, intensive and crleative work in all branches of radiotrans- |

~ -—jmitting technique was continued, improvingg the prospects for further perfection and

new possibilities for the application of radiotransmitting devices.

3 |
)
!

FREQUENCY STABILIZATION

= The growing Mcongestion in the ether™, the teriency to increase the protection

of receivers from interference by narrowing the frequency band received, and the
. !

. problem of easy connection to the networks - were all factors responsible for the
3‘:\__1 !

general trend toward increasing the frequency stability of the transmitter.

J,’,—-I

- The exciters of high-frequency oscillatiom in miltiphase transmitters are de-
.

— signed for operation: a) in the continuous or discrete frequency rangs, b) on one or
12

several fixed frequencies.

- A typical example of an exciter of a continuous frequency range is the self-
.1~_" l

oscillator with an oscillating circuit whose tuning is changed by a variable capaci-
153

o ‘tor or variometer. The frequency stability of the oscillations of the self-oscilh—

l'.;._4

tor is determined by the constancy of its natura.l frequency and the quality of the

~ 7 circuit, the stability of the operating conditions of the tube and the accuracy of

Bk ._f.i_.

_ frequency calibration. In the prewar years, the frequency stability of the exciter

3 |
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_"of the continuous range was brought up tol(2 3) x 107+,

It is much easier to ensure frequency in a single-wave oscillator by using a
i

- quartz plate as the oscillating circuit. 'l'he generated frequency here is 1 - 2 umg-

L.}.'f.

o

nitudes more stable thar, in a ge \erator with a change—over circuit.,
i
In 1933, G.A.Zeytlyenok suggested stabilizing the frequencies in the contimuc..
!
range, by mixing the frequeucy f, of the quartz oscillator of high stability with a

-

L1 Lo

|
mch lower frequency F of the generator of the continuous range. In this method, th
|

frequency stability at the exit of the mixer (equal to f, + For fo - P) changeable

T
o Coll——

' within the boundaries of the range of the :second oscillator, is of the same high mgT
N __i
nitude as in the frequency f. '
This schematic method of stabilizing frequencies in the band (™iirect method of
|

B frequency interpolation™) was applied in practice on only a limited scale, due to the

- |
existence, at the exit of the mixer, of a large number of oscillations of secondary

‘frequenci.es near the rated frequency f (f, * 2F, £, * 3F, 2 £, - oF, etc.), which a.t'o|
;'J-—; not filterad by the circuit of the subseq‘tlent. stages of the transmitter and are emit-
“ ted into the ether. :

)—; As a result of the work during the postwar years, a ten-fold inciease or more
$— of the frequency stability in the band as Iwel.l as in single-wave quartz exciters was
jjﬂobtained. Both in the band and the qum'tzI single-wave exciters, the self-oscillator
o is mostly built according to ths tritet pxlinciple: the oscillating circuit is con-
::—dnected between the control and screw gri.dsi of the pentode; in the plate circuit, the
‘iaoscillations are amplified according to ttle aperiodic principle - by means of resist-

R PSS

‘ance. The tritet arrangement permits attenuation of the disturbing action of the

= l
tube itself and of the subsequent stages of the transmitter, !

‘j'.__+ ‘

o In self-oscillators with change-over circuit, substantial improvements were

Vb i

'achieved on the basis of the theoretical work by G.T.Shitikov and the structural in-
I

<
52

- novations of B.V.Veytsekhovich, V.V.Berenev, B.V.Kuznetsov, a.nd other Soviet radio

Yoo

specialists (use of ceramic variometers a.nd capacit.ors, cermet acreena, printing by

= 3 = — e e i = = ——e— e e e e

b A

58
— P-TS-9076/¥__ _ _ b6

AU l —'—-—

o




e i ————— e

(mmm— O

- photo—optical methods of a graduated scale with a large nuzber of d divisions, etc.).

4 _J i
_ the manufacture of quartz plates: at the e:dsting cuts, the dependencs of the temper-
6_! N e e

.. ature on the frequency in the plate is s0 slight that the main destabilizing factor

[4]
te—4

—1 The success of quartz stabilization was due primarily to the progress made in .-l

'became the aging c{ the plate. Recently, plates of lenticular shape were used, cha.p-

~acterized by single frequency and better quality (105 - ld' Je

|
i

AR S S - — i

pos; Fig.l - Schematics of Quartz Self-Oscillators
Al S i i

A more thorough study of the system of quartz exciters explains the disappear-

’~
"

n ance of the frequency in the quartz self-oscillator by the fact that the variable

- capacitance ( ) of the tube and other circuit elements are connected in parallel
!

" to the quartz (Fig.la). | ,
— Formerly, the Mcircuit™ arrangement of a quartz self-oscillator, with the qua.rtz
connected between grid and cathode was frequently used (Fig.lb). In the postwar !
yea.rs, the Mcircuitless™ system, with the qua.rtz connected between the control grid :

|

and the anode or screen grid, was preferred (Fig.lc). This system, with more stable
elements, ensures satisfactory constancy of frequency - of the magnitule of 10'6. !
i

1.8 ,

An analysis of the quartz circuit shows that it has two frequencies of "paral-

3:"__.'

. 1el™ and "series™ resonance, where its equivalent resistance R , is active. In the ;
-
© process, any change in the var.able capacita.nce has a much greater influence on the ‘

)  JVG SR

frequency of the "parallel" resonance (when Roe is high) than on the resonance (when

oo
.

"

al j
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R is low). In this widely used a.rrangement ‘the genera.tion takes place exactly at

‘the frequency near the parallel resonance. - Consequently, the use of series reson~
'—J ance will permit a further increase in the| frequency stability. l
© T In high-stability oscillators, the bridge circult of quarts exsiters, recommnd.

ed by Mitcham (USA) in 1938, in which the fqua.rt.z operates in the range of series re-

—

sonance is often used at present (the theory of the bridge circuit was developed in |

) the USSR by L.I.Klepatskaya). This device ensures frequency stability of the order

of 107 to 1078, 4

5 S0 Bo——

In the field of frequency stabilization in the band, considerable success was

achiered by schematic methods - the oscillations of secondary frequencies were atten-:-
[

uated and the stability increased by the use of more stable self-oscillators. %
.): g I ]
' !

ok Figure 2 shows one of the circuit &l‘-[
| - i

F ;..{ AL '... GPO _f,.g" rangements for M™indirect interpolation of |
frequency™. Here, the exciter of the high-;-

‘ t

(F) frequency oscillations of the transmitter !

FlGNChped FO pad C |udqd kG |f | |

7 is the self-oscillator of the continuous |

i._. band GPD. Its frequency f, equal to the
: Fig.2 - Block Diagram of Indirect :

s sum frequency of the quartz self-oscilla-
[ Interpolation of Frequencies i

g tors KG and F of the LF band generator

GNCh (P « fo) , 1s maintained stable by means of 3 ring of the self-trimmer, consist-
) I

ing of the mixer S, the phase detector FD, the filter F, and the reactance tube RL
L l

(instead of a reactance tube, a variable capacitor of low capacitance, rotated by a

!

|

}
small cdeliayed-action motor can be used). In this arrangement, the oscillations £ |
- i
are sustained equal to the sum ifrequency of the generators KG and GNCL.: fo + F with |

|
Vo e '

precision to phase. Because of the voltage surges at the output of the phase detec-

LIy

|
. tor, which produces frequency modulation, seconda.ry frequencies may be generated in |
0= i
~ 7 the aelf-oscillator GPD. The filter ¥ is used for elim:Lnating the surges.

[ - 1. = S L

- Pigure 3 shows a version of another method of sc‘xematic frequency-band stabili—l

Y

- |
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—: zation, based on frequency pulsation in the continuous-tand self-oscillator GPD,
n {
.- Hers, oscillations from the g2nerator GPD are transmitted to the pulse-phase detectoxl-
4 |
- IFD and short voltage pulses with a follow-up frequency of f, from the pulse system !
220 A B
! I, stabilized by the quartz KG. By mea.nai
[N !
A 1
e ; r_ = C’PDI 1 of the reactance tube PL, to which voltagle
! is applied by the detector IFD and smooth-
i L | =
N ed by the filter F, the oscillation fre-
§lxc po I | !FD ja—ed f
. quencies of the self-oscillator GPD are
I
j maintained by the ntt harmonic of the

. Fig.3 - Block Diagram of the Exciter
— quartz oscillator. Vhen the pulses are
X of a Discrete Frequency Bamd ;
sufficiently short, a synchronization of

f

the discrete frequency band down to the 200th harmonic of the frequency fo is .
! |

Ll

|
|
|
|
l
|
|

)

obtained. |

Do METHODS OF HIGH-FREQUENCY AMPLIFICATION ]

| ! !
| '

‘e technique of high-frequency amplification in the transmitters of the post- |

—wa.r period was further perfected by the progress made in the design of oscillator
Bl ;

!
I
! , I
tubes, the development of high-power amplification circuits with a common grid, and I
3~ _ i
structural improvements of the entire set.! !

| J—

t”mi In low and medium-power stages, pentc;des are primarily used. Their improved de-
| .‘H sign, with a plane mount, reduces the out;;ut inductance, while the resultant improvei
:‘_“ment, in the shielding action of the seconci and third grid permits the use of oscil- ’
,'-41.ator pentodes for amplification on meter .waves. At higher frequencies, stable am- ’

—

plification is obtained by double-grid tubes suggested by S.A.Zusmanovskiy in 1934.
ts

j; The power stages in transmitters of medium waves are constructed, as befors,

‘. .

|
on triodes with neutralization. In the USSR and other European countries, the push-
> !
‘pull circuit is usually applied, which damps the even harmonics and is more suitablo;

LI

for neutralization. In the USA the single-cycle circuit is often used with primi- |

‘ T
] | |
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3 'potent.ial, by means of HF chokes; b) the circuit yields a small incremse in power,

S e e et - - e

O =S O S - . =4 o & —
- tive resonance neutralization of the plate-grid capacitance,
I :
- — In the transmitters for short and ultrashort waves, it is usuzly possible to - ;
4. i
obtain stable operation of the neutralized stages after capacitance —eglation. Be-$
S S ; . S S,
_; : cause of the neutrody= capacitors,
n |
A the initial capacitams= of the cir-
0o i
! cuits increases substimtially, causing
Y ‘ "
— l
g a narrowing of the wer= band and a de-
i |
crease in the power az3 efficiency of | ;
- the transmitter on the shortest waveJ.; !
- i
= o In 1929, M.A.Bonz=-Bruyevich sug-i
8. | F
;3 gested to eliminate ti= harmful in- '
Y Fig.L - Amplification Circuit with |
— fluence of plate capazZtance by short-
- Grounded Cathode I
- wave amplifiers operazng on the

principle of "grounded grid" (in modern terminology designated as ":=mmon grid™).
In contrast to the usual circuit with a common ("grounded") cathode [?ig.h), the
grid in the new arrangement is grounded on high frequency across thes dlocking capaci?-

ta:> € (Fig.5) and the output circuit is connected between the pzie and grid, A

comparison of these circuits shows that the spurious coupling betwee= the output and:
|

¢
(O

input circuits are much weaker in circuits with a common grid: thi: coupling is

created by the plate-cathode capacitance Cpc which is substantially smaller than the

transfe. plate-grid capacitance C - in the circuit with a ccmmon cai-rode, and the
P

inductance at tne output grid L8 which is smaller than the inductance of the cath-

- ode Lco

In previous years, the circuit with a common grid was not appli=3 on a large

: |scale in practice because of its special features, regarded as basic drawbacks:

. l

a) since the solid source of incandescence cannot be isolated on higz frequency, it i

is necessary to combine it with the cathode, which is either at a hizrm-frequency

]
-~ ‘F-T579m_6/1_____ .70 t
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- ;as additional ;c—:wer of e:;c_itation is reqx_xi;ed, ‘transferable into the outpixﬂcii‘cvﬂ{ .

2 ! i
-

—. ¢) the plate and grid modulation become somewhat complicated.

4.4 f

= Further, it was established that these drawbacks are not essential in view of

6 '

the great qualiti-es of the arréhgemenﬂ Thué, at a determined :rs_,lue of the capaci-

J

8
j tance C_ , grounding the grid (Fig.5),
stable amplification in a certain wave

range is ensured without application of

other means of neutralization. In this'
process, the initial capacitance of the
plate circuit is decreased by about two

times, which permits tuning it to

shorter waves,

—1 With the aim of a more efficient
o Fig.5 - Circuit Amplification with

. utilization of the advantages o the
Aot "Grounded Grid® .

_.: hookup with a common grid, a series of
3

- 'high-power triodes was developed in postw&r years, of special design "with a plane

mount®, In such a triode, the grid serves as a gcod shield between anode and cath-

RV S

: :ode (the capacitance Cak

'tance of the grid is also rather small. As shown by experiment, such tubes ensure

being very small); due to the ring-shape lead, the induc.-

IC—

SU_

| capacitance cco.

. —
'

I
stable amplification on meter waves, no longer requiring matching of the blocking ;
!

) At the present time, the system with a common grid superseded amplification

»wit.h neatralization in transmitters of short and ultrashort waves, As far as tele-

.vision transmitters are concerned, application of this system promised substantial
| simplification,

- Previously, aperiodic HF amplification was applied in low-power stages of the
transmitter. The utilization of cathode repeater circuits and new magnetic materi-'

, - als permits efficiently designs of aperiodic power amplifiers, For example, in

.
3

o]
CP-TS-9076/Y _ n. |
t

€0 __ _ ) L , R ..

’Lr.\




|V SRR e

- modern long-wave transmitters, all stages wit.h the exception of tho ‘terminal Sugo

'2_.
. a.re designed without oscillating circuits. A certain increase in the number of

R

amplification stages is worth the simplicit.y of retuning in the band. i

= - 2 oo e P RN

RADIOTELEPHONE TRANSMITTERS WITH AMPLITUDE MODULATION

. At the present time, in practice, prefzrence is given to such modulation

- methods which permit modulation up to 100% with rather small distortions, possess

high power factors and, in the case of band transmitters, are not sensitive to vari-
‘ations in the HF stage operation which latter are unavoidable when operating in the -

s wave band, :

The question of undistorted modulatic:m is closely linked to the progress
-achieved in the field of negative feedbacke The modern theory of circuits permits
‘in many cases to so adjust the frequency-amplitude characteristics of the systea

- (amplifier, transmitter) in the broad frequency band that negative depth feedback
becomes possible, leading to a substantial decrease of distortion at the output.
L —. Therefore, the methods of modulation, disé,inguished by insufficient linear charac- |
teristics may become competitive if use of depth negative feedback is possible, |
- Postwar radiotelephone transmitters are designed mainly according to the sys- !

tem of Class B plate modulation. The terminal plate-modulated HF stage of the

......

transmitter operates with high efficiency and rather insignificant nonlinear dis- ‘
tortions. Its indexes are little affected by variations in HF excitation of the l
!
!

grid and the plate load, when operating in the wave band. The modulating device is'

a multistage audio-frequency amplifier operating on the push-pull principle. The ,

| |

final stage - modulator - operates in Class B with higher efficiency and yields a '
power equal to about 75% of the rated power of the transmitter. The depth negat.ive‘
feedback encompassing the modulating system, ensures small distortions in the modu-
lator and stable voltage at its output so that the transmitter is modulated with

equal depth on the different waves of the band

F-TS-9076/¥_ __. 12 .
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»: During the last decade, the power factors and the electro-acoustic index trans-
2.1

-(ndtters, designed with Class B plate modulation, have increased substantially, For
4 : ' ;
— | '
€ _ _ . ]
—-' -— —_—

‘ Les
g -

R

12 | Uy ’

14 Tly ;

= 9 |

16

1§ ) =

|

-:o._.] Fig.6 - Principal Wiring Diagram of the Dogerti Amplifier '

22 _| ‘ |

- example, modern high-power radiobroadcasting transmitters commonly reach an effi- .

L i

"ciency of A5 - 50%, the nonlinear distortions at percentage modulation (95%) are
2t
about 2%, the level of stray modulation (background) is less than 0,1%, frequency

-

distortions in the 50 - 10,000 cycle band are rather small, etc.

- A series of innovations was instrumental in raising the indexes: a) The sub-
‘modulator is designed as a cath.de repeater instead of the previously used circuit
- of transformer amplification. Elimination of the submodulating transformer signi-
ficantly simplified the task of the modulating arrangement for depth negative feed-

._1back. b) The ultrasound harmonics are effectively suppressed in the circuit of the!

modulating transformer by designing it according to the principle of a band-pass

filter. c)Apart from plate modulation in the terminal HF stage, additi.nal modu- |
:lation is applied in the excitation circuit. Thus, for instance, in short-wave
Itransmitters designed on the principle of high-frequency amplification with a com- |
'mon grid, the stage before the last is further modulated, which permits decreasing |
the power of its tubes, results in a more linear modulation, etc. (with the same
aim in mind, the next to the last stage in medium—wave transmitters is sometimes

— - ——————— e e e —————— e

modulated). In pentode transmitters, plate-screen modulation is applied frequently.
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o= Some firms in the USA and Westem mrope continue to desién medium-davé radio-

2— .

‘broadcasting transmitters according to the system of amplification of modulated os-.

&
l~

cillations with powerful HF amplifiers of the V,Dogerti type. Figure 6 shows the

L

= prinecipal wu'ing diagram of such an amplifier.
To the load circuit LCr two tubes are con-
nected: cne (LII) directly, the other (LI)

across the inverting circuit clLlcl’ equiva-

lent to a quarter-wave line, During the nega-

—

tive half-period of modulation, the tube LII i

is switched off, leaving only the tube LI to

! operate as a Class B amplifier., When there

Pr Fige7 - Schematic o." Self-Plate
| is no modulation, the tube LI, emitting

Modulation According to
=1 carrier frequency power, operates with full

Li - N.G.Kruglov
! utilization of the plate voltage at high ef-

ficiency. During the positive half-period of modulation, the tube L is also

;\ -ioperating; at an increase of its plate current I - the lcad impedan:c[:i of the I
o tube LI decreases due to the circuit clhlcl' Asaa result, the tube LI continues to
. } operate at constant oscillating voltage UaI and high efficiency. I
:"_ The oscillating plate voltages of the tubes LI and LII are dephased by 90° be-;
3.

cause of the inverting circuit clLlcl. This necessitates connection of an addi-

tional inverting ci-cuit into the eicitation circuit of one of the tubes, Due to

I

e

. o e —

the frequency d’stortions in these inverting circuits, an accurate sequence of the

operation of the tubes is maintained only in a relatively narrow band of side fre- ;

quencies- on waves longer than 500 - 600 m, the modulation by high audio frequencies

may be strongly distorted,
For operation in the wave band, transmitters with Dogerti amplifiers are of

. little use because of retuning difficulties; the power factors obtained were worse

than in the syst.em of Class B plate modulation.

“_A] F-TS-9076/Y_____ Th _ ;
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- Apparently, designers were finally successful in eliminating this latter draw- ‘

- back. According to data in the literature, the average efficiency of the new SOO-kv;

4 | |
, .
C-!_.-. N A0 I - B -
= .ﬂhﬂﬂn : | .
T i N
C ‘( ‘:.;jl:lnl:uull.wl‘::: t
lﬂj I S ! .
ol &‘F“ T S
14 - |
beo
16
1 Fige.8 - Voltages in Grid Circuits Fig.9 - Modulation Characteristics in

the System of Self-Plate Modulation '

transmitters, designed in the USA, is 50% when there is no modulation and increases
to 54L% at 1003 modulation. The nonlinear distortions in the 60 - L0OO cycle band
'do not exceed 2% when operating on waves up to 550 m, while the nonlinear distor-
tions increase on waves longer than 1000 m,.
- Rather promising is the original idea of self-plate modulation suggested in
1943 by the Soviet radio specialist N.G.Kruglov. Its essence is the following
~.(I-‘ig.7): The grid of the terminal stage of the transmitter is fed with HF oscilla-
tions modulated in one of the initial stages., The circuits of its plate power sup-
ply and grid bias contain chokes L and L. with high inductance, due to which theE

am cm

direct plate (I, ) and grid (Ioo) currents do not change in the process of modula- '
e |
tion (as distinct from other methods of amplitude modulation). ;

The constarcy of the grid current I  can be explained differently: The choke
co ;
L.p is supplied with the variable voltage of the bias U.q which varies inversely to

the modulation of the excitation U, - when Uc increases the instantaneous bias
I -
voltage must decrease, and when U, decreases, it must increase (Fig.8). Corre-
i
spondingly, at maximum excitation, the pulses of the plate current in the tute must

have the smallest cutoff angle and at minimum excitation, the largest angle.




e == L E——— Y =

o—ﬂ If'Zh; circuit of pl#té*boﬁef—supplé wohla cbnt;iﬁ ﬁo choke t;m’ then the di-

:jﬁrect plate current of the tube Iao would also vary inversely to the excitation modu—f
;ZJ}iféf?_US., Whe? t?fjihoke Lo is ?res§nt; t?e c??feét ?ao<éu3t reéa%n constant, i
i .which is the result of audio-frequency voltage Uar)arising in the choke Laln thus in-,

N o

- creasing the plate voltage (Ea + Ua(ﬂ in the positive half-period and decreasing it |

]

:in the negative half-period of modulation. |

Nt |

Thus, due to the presence of the choke L., and the choke L,ps the modulation of;

14 !
high-frequency excitation automatically causes antiphasal grid and synphasal plate

("self-anodic™) modulation. Figure 9 shows a typical (for self-plate modulation)

dependence ol the first harmonic of the plate current I . on excitation Uc' As can

al
be seen from the diagram, the modulation of the current Ial is strongly distorted.
I

- To eliminate the distortions, the grid excitation of the tube must be modulated with

B
-

|
i
)
|

a .
artificially created reverse distortions, or by the steps with modulated oscilla-

- tions with depth negative feedback.

= The magnitude of the direct plate current I A rises with an increase of the
: a

- modulation factor - at 100% modulation, it is 20 to LO% higher than when modulation;
3 1

~ 1is absent,
At the present time, the theory and engineering calculations of the self-platel

S B

. modulation are developed in the works by N.G.Kruglov and other Soviet radio special%

v o

ists, where it was established that the self-plate modulation can be applied to band

o 00
)

transmitters, i

) Calculations and experience show that, with self-plate modulation, the tubes

of the terminal high-frequency stage may furnish almost the same power as with |

plate modulation (in some cases, the utilization according to power is limited by

the admiseible magnitudes of power dissipation on the plate and grid), Consequently,

" in comparison with Class B plate modulation, there is no need for a powerful modu-

.~
[

lator, which results in a gain in the overall size, cost of equipment, etc. The

common consumption of energy is of the same magnitude as with Class B plate modu-

SR

5
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° - ;lation - iz is larger.\;h-;r: modulation 1s absent and smalle;,_;h-en modulation isﬁa-tj‘“;
2:“ 100f. Thus far, self-plate modulation is‘achieved in practice when re-designing
:--j some transr-iters previously designed on tt.he principle of amplification of modulated
8---;;;;1.J-.iatio:s.y —..I-tﬁ;.:;.r; Ot;"assumed tha.t., inthe next.- few years, ~..hi; méihod .of modu- |
N lation wil. come into increasing use.
12_:'] SINGLE-BAND RADIO TRANSMISSION
14_ :
16;’ The mrsL promising kind of national radio link on short waves is definitely the
o .single-ba.r.i radio communication.
Q;i—. With c== usual amplitude modulation z;.pplied in broadcasting and also until now
B in radiote_=-hone circuits, the power of the transmitter is utilized only to a a!mallI
2j—-'degree: the zontinuously emitted o.cillatlions of the carrier frequency (f) in the '
':_‘receiver ar= not utilized, and the telephone effect is created solely by oscilla-
~)¢ — tions of ti: side frequencies (f + F). When single-band transmission is used, os- l
7; ~‘cj.llat,ions =T one sideband are emitted (f + For £ - F) as well as the so-called '
| —_f "pilot sigi="", necessary for accurate t.urling of the heterodyne of the receiver to ;
ji—d the carrier Trequency f and representing oscillations of a fixed frequency (usually,
v‘__:carrier fretency ) with a small amplitude (of the order 108 of the maximum ampli-ii
‘;—?tude). 1'
.“- ' At corrantional modulation with carrier frequency, the total amplitude of the l
side frequez=ies (f *+ F) reaches 0.5 of the maximum amplitude. In the case of ,
—-Isingle-ba.nt zransmission, the amplitude of the side frequency reaches 0.9 of the !
-;ma.m'.mmn an;~Ztude, which gives a 3-fold gain in power, At the expense of nax‘rowingI
A the frequercr tand by 2 times when using single-band transmission, the selectivity l
g of the receZrer can be correspondingly increased, which results in an additional
‘_v' gain in the oower of the transmitter by 2 times. Consequr-.tly, at equal power of
- ‘reception, <ne power of the single-band transmitter can be 6 times smaller than t.he.:
R R | '
¢
"o P-TS-9076/% W ' |
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’ -~; With respect to input ’;‘)o-wer, t.he _co;p;rleon 18— ;ven more‘;&va.ntagec;x:gruthc
2'_—1:single-band transmitter: the average powexf' used by it, at equal volume, is appmx:l--:
"-‘mately 10 times smaller than in a transmit'.ter designed according to the system of l
f" plate modulation class C or plate };'eir-mdulmon. S J
U--‘ Efforts to use a transmitter with conventional modulation for multichannel tole-
j-J phone and telegrapn transmission met with little success because of the necessity of’
i- N widening the frequency band occupied by the transmitter and due to its poor utiliza-
4

¢

- transmitter yields a substantially higher power effect. Besides, the multichannel
18 i i

transmission permits to condense the ether substantially: in single-channel trans-

[RIaN |

a oy

. mitters, between the bands occupied by them, the nonutilized i.‘equency. intervals

tion with respect of power, The application, for this purpose, of a single-band l
|

2: ] '
S !
2 _
‘2;,:]; f, f 3 ‘}: |
"y - .
_ 3 s |
] Ly — s s—ars |
i < o wl o e w fr&
;L — e B s P P el B
—~ ' i
[V IR GRS, !
3t Fig.10 - Block Diagram of a Single-Band Exciter

exceeding the possible frequency departure of their exciters must be left. The in-
terval between adjacent channels can be narrowed in the case of multichannel trans-,
mission, since the high-frequency exciter is the same for all channels.

Single-band transmitter consists of a low-capacitance device, which separates

the oscillations of the sideband and the pilot signal, and of a multistage high-

0
‘1\_.

frequency amplifier,
S0

. At the present stage of development of the technique of short-wave transmitters,
o |
., a more complicated task is the separation of a single frequency sideband from the |

.).-—.._

carrier frequency f and another sideband differing very little with reapect to

.. F=TS-9076/¥____ 78 _
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- 'oscillation frequency. For example, when modulating with a frequency of 100 cycles '
2-—~: ; !
= on the 30-m wave, it is necessary to separate the side “requency 10 000 100 cycles I
4 { !
= t : :
6.t L ) L
8: cosot | .. 2m[cos Q1 cosu,t
i ! | “
V—l owayl E :
12 __ |
] - F f feor |
14 _ g
— *mnr - PPN T B !
16 — ) L] |
18 _ frs kg |
20— Sn S SnaL !
22 _| i {
— i ?ﬂfﬂnﬂtﬂnu‘l
24 ] | . |

Fig.ll - Block Diagram of Balanced Quadrature Modulation

1y

from the carrier frequency 10 000 000 cycles and from the second side frequency
‘.l___: N i
-9 999 900 cycles. | : !
n__‘! '
In order to suppress the oscillations of the carrier frequency f, balanced

. modulation based on subtraction of two oscillations modulated in antiphase is used:

(8]
c

!
3 1; = I(1 + mcosQt) coswt and i, = I(1 -mcosQt) coswte.

At the output of the balanced modivlator, the following oscillations of the

;side frequencies remain:

LI
{

il
I
45

~
S0,

-5
' 'bands which do not differ much in frequency (in the above case, 2 x 10 )e This

!
problem is solved by two methods: a) by repeated balanced modulation; b) by bal-

.- "anced quadrature modulation.
T P-TS-9076/V 9
€0_1_

44

17 -4, =2m I cosQt coswt = mIfcos (0 + Q)t + cos(w - Atl.

Even the most up-to-date band filters are not capable of dividing the side-

58
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- With repeated balanced modulation, the sidebands are artificially separated by |
()-_' +
. means of a few balanced modulators. Thus, Fig.10 shows a block diagram designed on :
a the following principle: the first balanced modulator BHl is supplied with the os- i
(S0 e e e S — o . —— -
= cillations of the intermediate
€l
= frequency fl and the oscillations
. £ £ :
j,—'L-qj f—2 of the audio band F, as carrier.
T CHANNEL! C MANNE! lcanwi ¢ Ha N NPy .
. U ' 4 The selection of the frequency is
QI Ke T 6k Q3% L :
00K determined by a compromise be-
BM, 4 B, tween the requirements of undis-
f-Fe | FFe h-#, £+ fon torted modulation (for this pur-
! a ' 0 ,_&_(a iy
(1 [111[1][r] (7] |:||”I pose, the frequency f; must be
- 7 fi, ] much higher than the modulating
7] (7] frequencies F) and the necessity
g i e & of suppressing one of the side-
L 1 bands by means of the filter fil.
- 3 8 8 In former years, the frequency fll
f, ..J Br, amour ed to 20 - 40 kc which made
S I it impossible to obtain slightly

[

distorted modulation by high
Fig.12 - Block Diagram of a Single-Band Device |
audio frequencies, The quarts
in 4~Channel Telephone Transmission
filters now in use with a rather

.steep transconductance of the pass band permit a separation of sidebands, with in-

tervals of 100 - 200 cycles, at a carrier frequency of f. = 100 kc. Besides, to

1
decrease the nonlinear distortions, the balanced modulator BMl is designed as a ring

circuit,

The frequency band (for example, f + F), transmitted by the filter fil, is fed

~ as modulating frequency to the input of the second balanced modulator BK2. The same

modulator is fed with the intermediate frequency f2 as carrier, selected in such a

o]
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- way that a relatively simple filter 1'12 can be used for separating one of the side
2. '
- frequencies (for example, fl * f2 + F). Usually, the frequency f? ie selected wit.h-:

/:_. 0
- in the limits of 1.5 - 2.5 mec. . f

(= N ey e = W m—— . . .
’ In modern short-wave transmitters, the required side frequency (such as f + F) |

g !

is obtained after triple balanced modulation. For this purpose, the third balanced
:i ' modulator BM3 is supplied with the carrier
12— :
; Fors ]

Lo o — am 1 fi B {F=E) frequency f3, which differs from the nominal
— l carrier f of the transmitter as to the magni- -

i\ :
L tude f_ + f_, for example f_ = f - (f. + f_ ).~

. GPch |£2F 1 2! o p 3 ( 1 2)

“O—i | The required sidetand (f + F) is separated by
- RL the filter fi_.

20 _! 3 :
| | ' e On the whole, the device for separating
A one sideband, designed on the principle of

Fig.13 - Block Diagram of Fre- _
o multiple modulation, is complicated and re-

' quency Keying According to the

- quires careful tuning. To simplify the opera-
Principle of Frequency Inter- i
- tion of the device in the wave range, the part

A polation
- connected with the intermediate frequencies fl

L3N]

. and f2 is kept constant, and only the exciter f3 and the balanced modulator BM3 as |

» well as the connected filter fi3 are being retuned.

RS

N

.~ -

5 aj
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Balanced quadrature modulation permits in principle to separate any amount of

adjacent side frequencies and thus dispense with multiple modulation and compli-

cated sideband filters, The block diagram of a balanced quadrature modulation is
shown in Fig.ll. Here, Bl and BM2 arc equal balanced modulators. Their inputs
are supplied with the voltages of the carrier {requency fo and of the audio bard F, ‘

o
with equal amplitudes but spaced at 90 . For this purpose, the input of the modu-

2
" rents in the output circuits of the modulators will be

 lator BM, is provided with two phase inverters FVv and FVn. Accordingly, the cur-

- iy = 2mlcos Qtcosw,tand i,=2mlsin L sinw,t.




e e - 4 e i e et s e v ——

e e e |

O . S

- In the master circuit, the oscillations of one sideband are obtained: i
- [

7T e =iy—iy=2ml(coswytcos 8t —sinw,£sin Q1) = cos(wg + L)

¢  Another sideband can be separated by chanéing the phase of oscillations in one modu-~
lator to the opposite - then, e= cos(uo -Qt). i

. Evidently, realization of this method would permit a considerable simplifica-
—
tion of the device for separating one sideband: It would become possible to separate

the side frequency at a carrier fo of the magnitude 2 mc without complicated filters:

and feed the frequency to the balanced modulator BM3' as shown in Fig.11. However,

until now no sufficiently simple phase inverter has been designed, which, in the 5
: [
|

broad-band of audio frequencies, would shift the oscillation frequency to 900, with

= rather small frequency-amplitude distortions. Therefore, modern devices for separa-
tion of one sideband are based primarily on the method of repeated modulation.

Significant success was achieved in recent years in the field of multichannel

communication on short waves, Figure 12 shows a block diagram of a single-band de-f

vice with 4-channel telephone transmission. To each channel is alloted a band of

|
I
.
‘
|

0.3 - 3 xc, where in the channels II and IV the spectra are shifted to 3 ke (3.3 - |

6 kc)e Each pair of channels occupying the 0.3 - 6 kc band is fed to the balanced

i
modulator operating on the intermediate frequency flz 100 kc. The filters fii am‘.ll

fi;_'pass, respectively, the uppe: and lower sidebands, As a result, the balanced

modulator BM2 is fed with the frequency spectrum from the pilot signal and two side
i !

channels, i
Another important question is that of utilizing the power of a single-band
transmitter in multichannel operation. At equal power N of the channels, each of {
these can have an amplitude of not more than % of the critical amplitude in single-:
channel operation. Correspondingly, each channel can have a power of not more than

.% of the power in single-channel operation and the total power of the channels is .

N times smaller than the power of the transmitter, 2 - e —n
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:E} A;—Eg; probability ofnsiﬁultaneoué 6pe£§£ioﬁ of ali_éﬁ;hgéis_Qiéﬁ.;;iimi;“iv‘—j
’.ﬂivolume is rather small, it is possible to obtain a substantial improvement = the i
'jjutilization of the transmitter as to power, by using a compressor device, mzntain-
f.*|Ihéntﬁé“iZESi_EﬁéiiiGﬁZ_Br the channels at a level near the critical one. T=en each
:—.;channel will operate with a much higher power: if, at a given instant, one ==annel
f_;operates on a high level while the others operate at a low one, then its pov=r will

12
almost equal the power of the transmitter, The resultant decrease of the dr=amic

14 :

'range is not essential for voice transmission, of importance is only the “aczzmplish-

1
‘ ment of compression without nonlinear distortions.
it

-1
o= In multichannel transmission, sufficiently linear amplification of oscilla-
20

——

tions is required in the subsequent stages of the transmitter to prevent inaZmis-
s

i
22

sible cross distortion leading to interference between the channels, In the low-
2.4 8

power stages, linear amplification can be obtained, just as in LF amplifierz, by
o

ol — {
operation of the tubes in the linear segment of their characteristics (ampl:Tication
20—

class A); poor utilization of the tubes and their low efficiency in these sizges

o !

twill have little bearing on the power balance of the transmitter, }
! i

Operation in class A of high-power stages of the transmitter would camzel the .

PURY S

power advantages of the single-band transmitter, Therefore, in these stagez, the !

‘tubes must operate in class C, i.e., with half-period HF pulses of the platz zur- ’

O

rent. Under these conditions, however, it is more difficult to ensure linei= ampli-

Al

fication of weak oscillations, since the tubes operate on the lower bend of wheir

. “'“_— l:
! ) characteristics, This nonlinearity can be eliminated by the use of negativz feed- |
‘ P o,

_ ) backe The existence of compression also leads to a weakening of the cross tistor- :

| da ,
tions, due to the norlinearity of the lower part of the characteristics, as ihe

) A Jp—

total amplitude of the channels increases,

RADIOTELEGRAPH KEYING

Shol —— e —_—

Formerly, radiotelegraph communication was accomplished by interruptior of

58
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- 'high-frequency oscillations d;ring intervéls. The development of radiotelegraph
- keying proceeded by improving the form of'the telephone signal envelope and increas-f
4 ¢ .

- ing the speed of transmission. Introduction of the electronic relay to replace

0

€

T
R aitien
1. g% 1
lﬂ-. 1 r~:I.
_ I.Kh.Nevyazhskiy, Ye.I.Kamenskiy,
Figelh - Frequency Modulation with Appli-

mechanical r;lay;”;;ised¢the telegr;bh

speeds to 500 - 1000 words per minute.

RL
f
In Soviet transmitters, electronic |
i

circuits of telegraph keying came into

increasing use, as suggested by i
: !
!

Z.I.Model, A.I.Eylenkrig, GeS.Koropov,!
cation of a Reactance Tube r |

and others.

In the prewar years, research was done on methods of frequency keying in which{

24 — |
the high-frequency oscillations in the transmitter are not interrupted, and their

I}

i

l}

|

Dy
- ——

frequency changes suddenly to low values, corresponding to telegraph sending. It
was established that the change-over from amplitude keying to frequency keying in-

|
creases the protection from interference in the receiver to such an extent as to

o ey f
permit rapid communication by printing at decreased transmitter power,
i

At present, frequency keying has replaced amplitude keying in the nation-wide

2 t

lines of communication., In the letterprinting process, two-way sendings are fed to !

o

|

|

the transmitter; in the case of positive sending, a frequency fl = f + Af is emitted
! i
|

I

I

|

1

{
b AN

and in the case of negative sending a frequency f2 = f -Af., The magnitude of the

) .frequency difference Af from the nominal frequency f is known as frequency devia-

o ‘tion.

e——

) The postwar development of frequency modulation tended toward an increase in

‘— i
the protection from interference in communications and a decrease in spurious emis-

-

| .
- sions of the transmitter, which create interference in adjacent communication chan-
.4—]
" nels. The increased noiseproof feature was achieved by increasing the selectivity !

Ve —_— a A

‘of the receiver; for this purpose, it was necessary to decrease the frequency devi-

)

Z PIS-906/Y _ el !
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- ation Af and increase t%e freqﬁency.stabiiity in the iransmiggéf._ |

!
O)
-"“ .
--.——--To start with, the frequency deviation amounted to a few kilocycles, and the
4. \

- frequency keying in the transmitter was achieved by means of switching the two
. |

6 S N e L

. ' quartz exciters with corfesponding frequéﬁéies. éuch a methodibf rfeéuency keyiné
]

—-—

o
“

was inconvenient since, when operating on some waves, it required a large number of

L)

—
L quartz crystals, Besides, there were substantial spurious emissions during sudden
1z

frequency changes in keying. The point is that in connecting the independent quartz
14 _

master oscillators, a frequency change may occur at any rapid change in phase - up .

| to 1809. This considerably intensifies the transient processes in the transmitter
1Ltﬂ circuits, due to frequency changes of the|excitation. The oscillation frequency
_‘ briefly exceeds the boundaries of the int;rval fl - f2, causing a sharp decrease in
the oscillation amplitude. For this reason, keying methods were developed in which.
the frequency change takes place without a rapid change in phase,
- The method of frequency keying directly in the quartz self-oscillator found
some application in practice by connecting a reactance into the quartz circuit,
which alters the oscillation frequency; d;ring keying, the key (relay) blocks this 3
“reactance briefly, This method has several drawbacks. In particular the frequencyf
. stability is impaired and the conditions of self-excitation of the quartz oscillato%
are disturbed, ;
The method of frequency keying, based on frequency interpolation came into
wider use, For instance, Fig.l3 shows a block diagram where the balanced modu- I
o lator BM is fed with oscillations of the high-frequency quartz oscillator KG and ot!
the low-frequency generator GPCh controlled by the reactance tube RL. The change
in the direct voltage in the circuits of the latter creates frequency keyinge. This'
circuit suffers from spurious emissions - in the new frequency-keying circuits, the
spurious emissions are greatly attenuated.
Another practical application is the principle of frequer~y keying based on

balanced quadrature modulation (Fig.1ll): High frequency and audio frequency F = Af

-1
58
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i- ;;;wfgé‘iéiiwo g;iah;;&—ﬁédulators, with a'frequency shifﬁ oE4§O°.->Dﬁ}iﬁg ih;—;e;:—?
j“.ing, the phase of frequency F in one modu;ator is shifted to 1809, which causes a. -
:“ transition from one side frequency f + F éo another £ - F, '
e FREQUENCY MODULATION
1
s - Improved noiseproof feature in the receiver at broad-band frequency modulation
l> -is responsible for its wide application in the ultrashort-wave range for radiotele- .
‘ :,phony and radiobroadcasting. In the USSR, radiobrcadcasting with frequency modula- '
;‘ .tion is utilized at present mainly for sound accompaniment of television programs.
A{-:! When broadcasting on meter waves, the frequency
: : o g deviation amounts to Af = 50 - 70 ke, The electro-
‘ ‘:_ a) 9 acoustic index of ultrashort-wave transmitters with I
_ lJHKHlJ frequency modulation is, as a rule, higher than for
. e
amplitude modulation: the audio-frequency band is
es C wider (the upper boundary is 10 - 15 kec), the non-
) - 5 linear distortions are smaller (up to 1 - 2%), and
i :: the hum level is lower (lower boundary -60 db).

o= Transmitters with frequency modulation are de-

4 ¥ 9

Figel5 - Circuit Diagram
for Transforming Phase l

signed according to the following block diagram: Fre- .
Modulation into Frequency

quency modulation is achieved in the exciter c;evxbiné
Modulation

on a lowered carrier frequency f , with correspond- |
a) Phase modulator @ f l

ingly decreased frequency deviation 8f, = Af 2.,

4

This exciter is followed by the frequency multiplication and amplification stages, :

!
Frequency modulation of high-frequency oscillations can be accomplished by two

methods: a) by changing the circuit parameters of the self-oscillator; b) by ob-

taining phase modulation and transforming it into frequency modulation.

During the Z20-year period of use of frequency mcdulation, numerous variants of .

‘both methods were suggestel and many of these were put into practice.

=

»~
<
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- The most common met.hod usually operates with a reactance tubs RL (Fig.14), sub-

L)

connected to the circuit of the self-oscillator and acting as a reactance which

A

Tt -

B S

- - . cuit of one of the gridﬁ of the re-

—_— f = G o fi } 2000 b actance tube are modulated.
g J
Y N The usual carrier (medium) fre-
. quency fo in this circuit amounts to
| S GP

- ’ 5 - 6 mc, and the frequency modula-

' — tion with rather insignificant dis-

tortions is obtained without diffi-

culties. It is much more difficult
to ensure constancy of the medium

frequency fo in the exciter. The

point is that, on connecting the re-

actance tube to the circuit of the

self-oscillator, the frequency sta-
bility, which was initially rather

low, decreases still further. For

— this reason, the frequency de-
’ Fig.16 - Pulse-Phase Modulation:

- parture f may substantially exceed
! a) Block-Circuit; b) The Shape of °

= the frequency deviation Af , re-
R the Pulses °

S quired for frequency modulation.

In order to ensure the required stability of the medium frequency, various de-

vices of automatic frequency control, based on a comparison of the medium frequency

of the self-oscillator with the frequency of the quartz self-oscillator are in use.

Originally, frequency comparison was achieved with the aid of a frequency discrimi-

nator, whose output. voltage controlled the frequency r of the self-oscillator by

means of the react.ance tube. Later, the frequency discriminat.or, which is an addi-

—1
X |
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changes with the frequency modulation F. For this purpose, the voltages in the cir-.
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tional factor for the frequency instability, was replaced by a phase detector; more !

perfected devices of automatic frequency control were developed which have a lot in
B common with the devices of indirect frequency interpolation (Fig.2). '
Theb nature of phase-modulated oscillations is the same as t.hé-t of -frequency-*
modulated oscillations. The oscillations, phase-modulated by the frequency F to a

| value of A ¥ are identical with the frequency-modulated oscillations for which
. Af=AoF.
In ordei' to obtain equal frequency deviationA f at various frequency modula-
tions F, the phase deviation A @ must vary inversely proportional to the frequency F.
. Consequently, the phase modulation device can be transformed into a frequency modu-
} lation device, by varying the modulating voltage inversely proportional to the fre-
quency F. This is usually done at the input of the audio frequency by means of an
- -i.ntegrat,ing circuit RC (F‘ig-IS-), in which

- V1
o R> oC ~ 2zFC

for a transmission factor

bl 4
-

~F

LS

In phase modulation, high-frequency excitation can be obtained from the high- '

stability quartz self-oscillator so that the problem of IF stability does not exist:

here. P.sic difficulties formerly occurred in obtaining the required large phase '

deviationA ¢. For instance, in order to obtain a frequency deviation of Af = 70 kc

at a wodulating frequency of F = 50 cycles, the phase deviation must be

!

R
-

I

= = — 1400 radians — 80 000°.

To facilitate the task, phase modulation of the lowered frequency f, of a mag-—-

nitude of 200 kc is done, after which the required deviation decreases accordingly.

~
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- However, to obtain a reduced deviationAvo = 300 - LOO® was a difficult task
24 ' :
_ for a long time, = _ [ o, . -
4 ! .
= The original methods of phase modulation were based on transformation of ampli-
€ . . - .
tude modulation into phase modulation: In the equipment developed by Zeytlenok and
f=c
— Ye.I.Kamenskiy (1932), two high-frequency
1
- oscillations are combined in quadrature,
.

— modulated in antiphase; in the Armstrong
16 s :
3 Iy circuit (1935), the unmodulated oscil-

It — 173
_* v b) lation are combined in quadrature with
| R,
_ the oscillations of the side frequencies,
Fig.17 - Principle of Obtaining Phase
— These methods permit phase modulation
Po Modulation
- with small distortions within the limits

of t 20°. However, their use for frequency modulation leads to a rather bulky multi-

t
i

tube exciter,
Special vacuum devices were developed (the Shelby tube and, in the postwar

period, the phasitron) whicii permitted modulation with a large phase deviation. How-

ever, they were not widely applied in practice, due to their complexity. More were

circuit methods of the type of: |
UL Qe
a) The pulse-phase method, borrowed from the pulse technique. Tne block dia-

g —

gram and the shape of the pulses, illustrating this method, are shown in Fig.16 a

3

and b, Here, high-frequency oscillations from the quariz self-oscillator KG are fed

= |
to the saw-toothed oscillator GP. The oscillations of the latter u; are fed jointly

with the audio-frequency voltage u to the comparator SU, at whose output rectergu-
F

lar pulses u2 are obtained, whnse leading edges undergo temporary modulation. In

the shaping unit Sh, the pulse leading edge u2 is transformed into sho-t intermit-
tent pulses u3, where the required harmonic is separated by the resonance ampli-

" fier RU; .

b) The method of the Soviet radio specialist A.D,Artym, based on the addition

=
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r-f severa.l HF o= llations, nonlinearly a.mplitude—modulated and shifted in phaae.

(3%

]
Let therei=, for instance, three vectors of high-frequency voltage, phase- - i
l
L]

shifted by 12¢° {¥ig.17 a), where at a given instant, one of the voltage equals zero

At a modulating mlt.age of zero, the vectors ul and u2 are identica.l, a.nd tho vec- -

: !
tor u is absert. With an increase in the modulating voltage, the vecto:r Y de- ;

i

o

creases, while i:2 vector u2 increases and the resultant vector u is shifted by 60 .

A
Tyry LA

}
i
- @
*
-

| .
Li¥jl_.é._
i

fa

- t
Y, 4
T !
-
r

[ Fig.18 - Circuit Diagram for Phase Mcdulation

i

Lo

LA AL

h
4

“Trrl

H

, decreases, while the vector ug increases (Fig.l7 b), and

the result:nt ve—=-r u is shifted annther ]20 s otce

After this, the -=:ctor u

The requirec Zaw of amplitude modulation of each vector can be obtained by

~ means of a diode, whose plate circuit has three voltages: high-frequency df‘o’ fixed

bias E and audiz frequency u_, with the circuit tuned to the second harmcnic. Fig-

F? :
ure 18 shows a desZce which, with si» diodes, permits a phase deviation ofA' - !

L el v, ) !

-.t3w.
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t In modern broadcasting FM transmitters, mainly exciters with phase modulation
2-4 i
are used. These are simpler than exciters with direct frequency modulation and more
4_1 0
. reliable in use, { '
elllm e w0 , b
-
g..! TELEVISION RADIO TRANSMITTERS
o]
a The development of television and the constant improvement in its quality fac-
12—
tor stimilated progress in the radio-transmission technique in this field.
| -
For television transmitters the following features are characteristic:
14 —
a) Operation in the meter and decimeter band in conjunction with a rather broad
16 _

frequency band of the television signal:

- b) Amplitude modulation with transmission of the constant component of the tele-

2" ' .
vision signal. Accordingly, for modulation onl;” such methods can be used which per-

9

mit control of the magnitude of the intermediate amplitude. The power of the trans-

ay,

mitter is determined by the maximum value of the amplitude of the current during 3

.S —_—

modulation;

LU
i

¢) In the USSR and in mecst of the other countries, the band of emitted fre-

quencies is narrowed by a partial suppression of a single sideband;
2.

d) The necessity of passing a rather wide frequency band of the ‘elevision s:i.g-i

" '

nal in the stages with modulated oscillations, generally leads to a poor utilization
of their tubes with respect tu power, to low efficiency and to a small amplification
factor in the power stages. This is explained by the fact that the plate circuit oé
such a stage, in order to pass a wide frequency band, must have a rzther low qualit;

factor Q. On the other hand, when operating on SHF, the wave impedance of the plate
[

circuit P = 1 is small, since the capacitance C is formed by the relatively high

; «C
output capacitance of the tube (this capacitance increases substantially in the case

S R

of application of neutralization). As a result, the equivalent resistance of the

circuit Ro = pQ is much smaller than the optimum for this type of tube; for better

LR

. 2 - -
utilization as to power (P, = O'SIalR ), it is necessary to increase to the limit
o e .

i l
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power 1s rather insignificant.

was done on 4 - 6 m waves, Partial suppression of a single sideband was achieved
' by SHF filters, connected with the antenna feeder, and, therefore, the stages with | ‘

r'———'———'"__——_- ) |

the flrst harmonic of the pulses of the plate current Ial If the oscillating plate

voltage Ua = IaIR - \/2? R is too small the plate feeding voltage is reduced to
@

prevent further loss of power, For ful utllization of the tube with respect to

|
i
l
emission, a high amplitude of the oscillating voltage in the grid is required and a i

corresponding power of excitation - the amplification factor of the stage as to

In prewar years, the definition of the image was 24,0 - 343 lines, which corre-

sponded to the band of modulating frequencies up to 1.3 me., Television broadcasting

[
modulated oscillations had to pass the double band of modulating frequencies uni- |
formly. In connection with the use of neutralization, which increases the capaci- |
tance of the circuit, and the double frequency band, tubes of such a stage operated

with extremely low efficiency.

Due to the difficulty of passing a wide band of side frequencies, modulation

was usually accomplished in the grid circu.t of the terminal stage of the trans-

mitter, But then a powerful modulating device was required, which proved to be

complicated and rather bulky commensurate, as to overall size and input power, withf

the high-frequency part of the transmitter. The total efficiency of the transmitter

l
!
In oider to decrease these difficulties, an effort was made in the Thirties to |

in such a case was rather low - of the order of 5%.

revive modulation in television transmitters by absorption, which was applied in the
first years of the existence of radiotelephony. At absorption modulation, the i
stages of the transmitter cperate with unmodulated oscillations with high efficienci
and good utilization of its tubes. The power of the terminal phase is distributed i
between the antenna and the modulator tubes, serving as absorbing resistance, which

changes in conformlty with the television signal. A close study made in 1940 by ‘

 P-TS-9076/V 92

A.I.Lebedev-Karmanov showpd that, at absorptlon modulation, the simplificat;on of




the high-frequency channel is achieved at the cost of a substantlal complication of
the modulating device, and the power indexes of the transmitter prove to be still

lower. Therefore, absorption modulation was found impractical and abandoned.
€. ' = SRS
In the postwar years, still stricter requirements were made with respect to

television standards - in the USSR, 625 lines scanning is accepted, which corresponds
.i 'Jto a frequency band of about 6 mc. With respect to the application of an amplifi-
l:—_-cation circuit with a common grid, in triode-containing stages the principles of de-
- ~signing television transmitters were subjected to a radical survey.

_ The amplifier, designed as an amplifier circuit with a common grid, has a small

output capacitance of the tubes and thus a high wave impedance of the circuit; con-

sequently, the amplifier can pass a wide frequency band with better power indexes,
»:Besides, the increase in the circuit of the high-frequency power of excitation leads

to a similar decrease of the quality factor of the circuit of the initial stage and
—to a widening of the frequency band passed by it. This circumstance permits a
-transfer of the modulation into one of the initial low-power stages and thus a sub-

stantial simplification of the modulating device.

Subsequent amplification stages of modulated oscillations are tuned to the
passage of the required narrowed frequency band, due to which their tubes operate
with a higher efficiency and are better utilized as to power. A special filter for
partial suppression of a single sideband proves unnecessary,

In home television transmitters other modifications suggested by E.S.Glazman

were introduced: Simple filter circuits are connected in the circuit for improving

the band characteristics of the circuit system and increase the power indexes of the
transmitter,
All these measures led to an increase in the common efficiency of the trans-

mitter at a substantial reduction in the over-all size and improvement of the quali-

ty factor,

Joe o . ———— e — ——

In connection with the substantial increase in ‘the number of television sta-

-
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tions and the introduction of color television with a wider fred&é&cy bana for tele-

f

- !
casting, a series of additional channels in the decimeter range has been set aside.—;
|

For these, special types of SHF generators were developed, reviewed below,

ol METHODS OF OBTAINING HIGH POWER

The increase in power of radio stations is achieved both by increasing the
power of the generator tubes and by addition of the power of high-frequency genera-

tors. '

In the middle Thirties, the power of generator tubes of the sealed—off type
reached 300 kw, A further increase in power was more easily achieved in tﬁbes of
demountable construction, operating in vacuo. In the USSR, such tubes are developed;
with a power of 500 kw and more, f

In the postwar years powerful tubes (up to 500 kw) of the ‘'semidemountable™
type were cCeveloped, which permitted their disassembly and assembly in the radio
station; these were so hermetic that a constant vacuum was no longer required. Ap-
parently, such a design which combines th: qualities of the demountable and sealed-
off type of tubes, has prospects of wide application.

The creation of powerful tubes does not exclude the problem of addition of thef
power of tube generators. The construction of a powerful radio station in the form
of several generator units, capable of operating jointly, greatly increases the
-maneuverability of the station and increases the continuity of its operation. 1In

this case: a) the number of operating units can be changed in accordance with the

required power; b) the inoperative unit is switched off and after eliminating the

trouble is switched on again, with these operations taking place without interrupt-

ing the operation of the station; c) a reserve unit to replace the faulty part can

be provided so as to maintain the power of the station unchanged.
The realization of this principle by parallel connection of a large number of |

powerful tubes proved impossible., This problem was solved for the first time in

'

ey




O =

1931 in developing the 500-kw radio station "Kémintem’.': the final stage of the
2y

. transmitter consisted of six operating unit groups and of one similar reserve unit; ’

4_! :
. each unit contained 12 tubes of the type GDO-30 and a plate oscillating circuit; the
(I L o I _ il :
. plate circuits of the units were connected to a master intermediate circuit, feeding
8-.'!

the antenna. As shown by experiment, such a system of units operates practically
= without interruption; a breakdown in one of the units does not entail stoppage of
5 e
e operations in the remaining units: During their operation, the reserve unit is cut
) and t41 brauble i thie| @S cormactedy sk s S Mminabes,
. -— An analogous system of units was used in 1934 for the 500-kw radio station WLW
lF.J.’m the USA, designed on the principle of class C plate modulation, Its terminal

) stage and a powerful modulator were composed of units, with the units of the modu-
lator forming a separate arrangement, modulating on the plate system of units of the
terminal HF stage.

For powerful transmitters designed according to the system of class C plate
modulation, A.L.Mints suggested in 1934 an improved system of units. Each unit of

the modulator forms a single whole with the unit of the terminal HF stage. This

o

- system of "generator-modulator units"™ was put into practice during World War II in

.t.he USSR on the most powerful radio station in the world, as well as in England.

The weak feature of the system of units is the strong intercoupling between
them, due to the common load. Therefore, the nonphasal excitation of the units leads

to their detuning, where the degree of mismatch depends on the connection of the ;
Hr— !
units with the load, Besides, the tuning operations of the unit, control of its

communication with the load, etc. reflect on the operation of the other units, ;
:

With the shortening of the wave anu the incirease of power, these deficiencies

[l

L —

~ become more and more pronounced. Therefore for tihe short wave range, the system of
S¢—
"compounding of power in the ether", recommended in 1935 by I.Kh.Nevyazhskiy proved

St

more adequate, In this system, the radio station consists of transmitter units,

P o e —— = o & oo oo

) each of them having its own antenna, weakly coupled with the antennas of the other
Sa'i
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units, .-Thus, the -coxinbo—unding of power t.é.kes pl;'sce "in the et.}x.ei""_ at— Sﬁficiently |

[
.weak interaction between the units. The total polar radiation patte— of the anten-;
nas becomes sharper than that of the :ntenna of a single unit (nondj:-,-::;.ional radia-:
E tion can also be obtained by compounding of .power in the Mether" in i form of a 0
v rotary electromagnetic field with corresponding antenna bearing and i specific phase
shift of the feeder currents).

The drawbacks of the system of power compounding in thc ether a-=: bulkiness of

Fig.l9 - Bridge Circuit of Power Com- Fig.20 - Circuit of a Balz=—ced Bridge,
pounding for SHF Generators by B.P.Terentr=»

the antenna feeder and dependence of the form of the polar radiation -z=ttern on the
number of switched-on units,

In the postwar years, the bridge method of power compounding came into use.

The principle is as follows: To eliminate feedback between the generc—-rs, the lat-

ter are connected to the diagonals of the balanced bridge, consisting =f reactances

or line sections, Since the active load resistance Rn serves as one c’ the bridge

elements, another active load resistance, known as a ballast resistarce (Rb) must

be included to balance the bridge. Correspondingly, when connecting -—me generator

to the bridge, the power of the generator will be distributed evenly =<=tween the i

- \

load resistance Rn and the ballast resistance Rb. The bridge elementz are so so——.

lected that, upon connection of both generators, the resultant currercs are added in
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?" },E;_i;a;& r:esi‘st-alm;t_:-e—l{—t:ut are subtracted in the ballast resistance Rb In the case’
;-_ of identical generators, there is no current in the ballast resistance and the total
'._‘ power of the generators 2P is fed to the load.

:_. N ‘(_)x—‘i-.ginally, variations of the bridge circuits were suggested, which pemitted

to add the power of the SHF generators., These bridges consist of elements with dis-

R R,

i
e ;‘:}hn ; Gen [~
g : d ! iR Rl'l. g(""’P

Fige21 - Version of a T-Network Bridge Circuit

| :
tributed constants: sections of waveguides or lines., Such a device is shown in
Fig.19. Quarter-wave line sections serve as three arms of the bridge, while the :
fourth arm, connected with the ballast resistance, is a three—quarter-wave line sec-
tion, so that the currents in the ballast resistance, created by the generators, ax'eI
subtracted. At lower frequencies, the line sections are replaced by lumped re- ,I
actances. B.P.Terentyev suggested a version of a balanced bridge, consisting of :
uniform reactances (Fig.20), in which the balance does not depend on the frequency.f
Since the input resistance of the bridge is complex for the generators, changing f
with the frequency, the points of input must be supplied with devices which trans-
form the input resistances into active resistances of the required magnitude.
Figure 21 shows a version of a T-network bridge system which ensures, in bal-
ance, full decoupling of the generators a~d represents an active input resistance __

—_—

equal to the load resistance Rn' When one generator is permanently disconnected,
=]
3 _J
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-'the second generator can be switched directly to the load, bypassing the bridge, 1;"7

2 ; ’

order not to 1 3e half of its power in the ballast resistance. An analysis of such
4_ !
a device shows that the balance can be restored there in case of various disturbances

inevitable in préctic;.-4 — - » S - B
With the aim of ensuring uninterrupted operation, transmitters are now fre-
quently designed of two equal parts, whose power is compounded in the bridge circuit,

.In England, a network of small medium-wave broadcasting stations were constructed

with remote control. i
K HIGH-FREQUENCY GENERATORS

The basic difference between high-frequency generators and generators of lower
—:frequencies consists in the following:
a) The electron tube is not an electronic device, inasuuch as the period of
oscillation proves ccrinensurate with the transit time of the electrons be-
tween the electrodes;
- b) The oscillating system of the generator cannot be separated from the tubeé
so that, at very high frequencies, hollow-space oscillators instead of cir-
cuit coils and line sections are used. i
At first, conventional tubes with control grids (triodes and tetrodes) were
used for high-frequency generatcrs, It was established that relatively high inter-?
electrode capacitances and inductances of the lead-outs, limit the reception of higé
frequencies, lead to a low efficiency of the generator, and impair the conditions ;
of self-excitation, The most practical device of self-excitation proved the systen:
' \“'with an osclillating circuit between plate and grid. The method of its technical !
calculation was developed by A.M.Kugushev, who was the first to show the possibility
of controlling feedback by means of cathode chokes, The theory of the device of

the triode hlgh frequency self-oscillator was later developed by G.A. Zeytlyenok

S.A. Drobov, and Ye.P. Korchagina
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- Simultanecusly with theoretical investigations of electron ﬁrocesses in the tri-
o
'ode, made by a number of authors (the most rigid study in the USSR was undertaken in
4 \

=

- 1936 by G.A.Grinberg), showed that the inertia of the

7 eieétrons must have a substantial influence on the opera:

tion of the tube: during their transit, the voltage on the
electrodes has time to change substantially, which re-
flects on the conditions of the movement of the electrons,

As a result, a) part of the electrons, emitted by the

cathode, does not manage to reach the grid and returns to

the cathode, heating it additionally; b) the pulses of the
{ . Fig.22 - Circuit Dia-

plate current are condensed and a phase shift takes place
gram of a Decimeter

;4 between its first harmonic and the grid excitation, re-

Wave Generator
= sulting in a decrease in the power and efficiency of the
generator; c) the input conductance of the tube increases, due to which more power
of excitation of the generator is required,

To weaken these effects, it is necessary to reduce the distances between the
electrodes, which results in a decrease o the oscillating power of the tube, or in
an increase of the plate feed voltage, admissible at pulse operation.

Further development in the meter-wave oscillators led to the use of concentric
lines as oscillating systems. In the second half of the Thirties, M.S.Neyman de-
veloped the theory of closed oscillating systems and suggested their various forms,
Later, N.D.Devyatkov and his coworkers created an original design of an oscillator,'

icontaining a new type of triode with planar electrodes and circular leads, and also!
——‘oscillating circuits in the form of concentric lines, This oscillator and its tube
. were the prototypes of present-day oscillators with lighthouse tubes (cermet and
S0
'metal-glass), which find wide application at present in the decimeter-wave range,
OB

o The idea of the device of such a generator is shown in Fig.22, Here, three

coaxial cylinders serve as a continuation of the disk lead-outs of the tube elec-
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urodes. The input circuit of the generatér is formed by tﬂe gri&-céfhode capaci- ]

tance of the tube and by the inductan:ze of the concentric line section, composed of .
 the cathode and grid cylinders, tetween which the capacitance piston C2 is shifted, !

( g . - N " -‘.‘n
At the lower frequencies of the decimeter range, the operating sections of the

lines are shorter than quarter-wave. At higher frequencies, such a tuning of the

circuits may be impossible; in that case, tuning at which the electric length of the

v
(=

V lines corresponds to three—quarter wave is used, .
1
In the case of a generator with self-excitation, the connection between the two

circuits is established either by means of special coupling loops or probes ex-

tending through the wall of the grid :ylinder, or by means of increasing the plate-

cathode capacitance of the tube. The presence of many natural waves in each circuit

»-may lead to self-excitation due to stray frequencies. This is eliminated by so se-
lecting the feedback parameters that self-excitation is possible only on the oper-
ating wave, The power of modern triode generators of decimeter waves reaches hun-

dreds of watts ir continuous operation and hundreds of kilowatts at pulse operation

(when more power is required, several generalors are connected in parallel),
In the postwar years, papers published by Soviet scientists and specialists -

- M.S.Neyman, G.S.Ramm, G.A.Zeytlyenok, li.I.Ivanov, and others - contain the develop- .

ment of the theory of electron processes in SHF triodes, operating with high ampli-
tude oscillations and current cutoff, i.e., under conditions characteristic of a

generator.

The conditions for motion of the ele~trons, obtained in the SHF tetrode are

L |

more favorable than those in the triode: In the space between the control grid and

the screen grid the electrons accelerate and, therefore, travel back and forth be-

tween screen grid and plate to which is connected the output high-speed oscillating

circuit, This fact permits improving the pulse shape of the current as well as in-

=

creasing the distance between the electrodes with the aim of reducing the spurious

capacitance between them, In the cathode-control grid space, also negative phen-
e . e - -
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omena occur, as in the triode' a) additlonal heating of the cathode by returning

electrons, b) increase in ‘nput conductance and thus in the power of excitation.
Ay B l
- For television, lighthouse tetrodes with air cooling of the plate and 1200 watt

power, operating on waves up to 30 cm, were developed.
The development of the SHF tetrode generator lel to the "resnatron™ which is a

high-power tetrode with the input (grid-cathode) and output (screen grid-anode) os-
. cillating circuits located inside a balloon. The plate and screen grid are inter-
: -connected by direct voltage and are grounded; the cathode, under high negative
o voltage, is insulated. The design of the electrodes ensures sharp electron focusing,
e due to which the screes grid receives only part of the electron flow of the cathode,

3o

-t

Besides, the possibility of the cecondary electrons of the plate striking the screen

grid is eccluded at values of the instantaneous plate voltage closer to the voltage

on tha screen grid. In the Forties, resnatrons of the demountable type were de-

signed with power up to 80 kw at continuous operation. On waves of the order 50 cm,
their efficiency amounts to about 60% and the power amplificaticn to about 10

The difficulties in obtaining high power on meter and decimeter waves in tubes

with control grids necessitated, as early as the Twenties, to start development and

research on magnetrons. Intensive work in this field done in the USSR by A.A.Slut-

s

skin, M,T.Grekhova, G.A.Grinberg, V.S.Lukoshkov, S.Ya.Braude and others, led to the

construction of magnetrons with cplit anode and later to the multisegment anode,

which permitted obtaining high power and increasing the generating frequencies, 1In

— ‘

the second half of the Thirties, a multiresonator magnetron was designed under the !

- |
guidance of M.A.Bonch-Bruyevich, N.F.Alekseyev and D.Ye.Malyarov, which is the pro-.

totype of modern magnetrons, finding wide application on centimeter and millimeter

waves, Their pulse power reaches hundreds of kilowatts on the shortest waves of the
centimeter range and thousands of kilowatts on waves longer than 10 cm.

Possessing the highest efficiency in comparison with other generators of the

centimeter range (on waves of the order of 10 ecm the efficiency reaches 65%), the

cr
U

?%
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magnetron generator has substantial deficienc1e3° a) change of load and feeding con-'
ditions have an effect on the generating frequency; what is more, a skip effect is--;

possible to another frequency of a multiwave system, represented by the magnetron; |

b) the amplltude and the broad-band frequency modulations of ‘the oscillations in the

magnetron generator are made more difficult,

In recent years, means of stabilizing the frequencies of the magnetron generator

[
were Jeveloped; thus, for instance, the frequency generated by it is held by a high-
i |

stability generator (having the same or twice as low a frequency), whose power

amounts to 5 - 105 of the power of the magnatron. In this manner, deep amplitude
modulation of the magnetron generator by cranging its plate voltage is obtainad,
The klystron generator has a much lower cfficiency than the magnetrcn generator,
- Therefore, it previously seemed that this generator would be useful ior low-power
transmitters. In connection with the increased demands as to frequency stability
'and the requirements of television and other fields of radio engineering, utilizing:

the SHF modulated oscillations, intensive development of powerful klystrons was '
= I
undertaken, which could fully satisfy the new requirements, as generators with in- i

dependent excitation. To achieve these aims, three-resonator (cascade) direct-

!
!
transit klystrons are used today. In comparison with two-cavity klystrons, they ’

possess a much higher efficiency and a substantially higher power amplification i

factor, reaching 1000, The shape of the pulse of the current in klystrons is rich i
in the highest harmonics, which permits their effective use as frequency multiplieré.

As a result, a klystron transmitter with a quartz exciter, frequency multiplier and

intermediate amplifiers, is no mre complicated than a short-wave transmitter,

In many types of klystrons, the resonators are external which facilitates thei}

'retuning in a wide wave band, The application of magnetic focusing for reducing the

harmful effect of the repulsion of electrons as well as gridless resonators of a .
|
special design (with the aim of reducing losses in these) permitted an increase in !

‘the efficiency of the klystron generators on waves in the 30 cm range, up to 30% at
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a power ofS-lO kw, : '
2= ' i
S In view of the high quality factor of the input and intermediate resonators
4-- o a

(the output resonator has a lower quality factor because of the load), the klystron,;
G = - o ) -
in prlnclple, is a narrow-band SHF amplifier. Despite this fact, by means of some

o I

detuning and lowering the quality factor of the first two resonators, undistorted

"Jpassage of the band of the television signal is made possible. This somewhat re-
e duces the power amplification factor in the klystron amplifier, but leaves a rela-
Y tively high value. This greatly simplifies the tuning of the television transmitter.
o There is also a positive experiment of the development of super-powerful pulse
pe
. klystrons at 20 - 30 megawatt in the 10-cm wave range at an eificiency of 33%. Ac-
RELE

cordingly to literature data, the joint operation of 20 such klystrons, furnishing
&) o)

N Jthe linear accelerator with a power of /,00 megawatt, does not present special dif-
o ficulties, inasmuch as the phasing of the oscillations in the klystron generator is
- easily achieved,

In recent years there was intensive work done on other types of powerful SHF
auplifiers - tubes of moving and magnetron amplifiers, which open up possibilities
of SHF amplification of an extremely broad band., For instance, a new type of
traveling-wave tube furnishes a power of 1200 w in the 6C-cm wave(500 mc) range on
the 100 mc band,

In low-power radiotransmitting devices, utilized for radio relay lines, etc.,
lighthouse triodes and ref..ector klystrons are used., By changing the voltage on
the reflector in the latter, autrmatic control and, rather simply, frequency modu- :

lation are obtained.
HIGH-FREQUENCY GENERATORS FOR INDUSTRIAL USE

=== The work by the outstanding Soviet scientist V.P.Vologdin and a number of other

radio specialist.s led to mdespread application of high-frequency generators in

5-»,.

various fields of the national econouv
NI

53
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At present, the total power of high-frequency vacuum-tﬁb;-generaﬁors, used 6nlyf

!

L
in metal-working plants, substantially exceeds the total power of radio stations,
Vacuum-tube generators are used for casehardening, smelting, soldering, and tin-

plating of metals, for drying lumber, yarn, canning of food iteés,ﬂkérmhéétiag

plastics, for extermination of pests, etc, Vacuum-tube generators also have found

wide application in medicine,

1

_—

usually designed as devices with self-excitation. A more suitable balancing be-

The extreme diversity of the purposes of the generators permits the application
of all radio frequencies, beginning with the lowest and ending with superhigh fre-
quency. The power of generators in use already reached hundreds of kilowatts,

In connection with the tremendous importance of high-frequency generators for |
the national economy, the problem of practical design of the circuit and the con-
struction is very acute. Let us take note of a few specific features of high-
frequency generators:

a) The load parameters change in the heating process. This leads to poor power
utilization of the generator during a substantial part of its operating cycle. If ‘

the cycle of heat treatment is sufficiently long, manual power control of the gen-

erator is possible, In short cycles, most gencrators at present operate without

automatic power control;

b) So long as frequency stability is of no importance, the generators are

tween tube and load can be ensured by a two-circuit connection with the latter. |
This frequeritly leads to backlash, a skip effect from one {requency of the connec-
tion to the other, accompanied by drastic changes in the lcad current, in th; |
operating conditions of the generator, its power, efficiency, etc. (in itself, a
small frequency surge during the tempering process is of minor importance).
Formerly, attempts to eliminate the backlash were made by applying single-
circuit systems, coriaining high-frequency matching transformers of special design.:

Such systems are still in use today in cases where the generator operates on a fixed
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i_“load. In_t.—he—po.stv;a'r“;e;rs, t;wo-c‘ircuit, systems were used —i;i—gér{erétors int-endet.i—- -

;-ﬂfbr universal loads, designed in such a way that self-excitation was possible only
!

6—~on a single coupling frequency (feedback to the grid of the secondary circuit, the

. _‘;ysieh«;f'fréq;;n;f:&épe;dent feedback by Y;.B.Vigdorovich);

¢) For a number of reasons (distortion of the form of grid excitation, complex

character of feedback, etc.), the efficiency of generators is often low. At the
1, -

i

same time, the problem of increasing the efficiency is rather acuté in view of the
-tremendous total input power of the generators;

d) In the postwar years, serious attention was devoted to the elimination of
radiation in generators, which created substantial interference in the reception of
radio stations. This was achieved by shielding and feeding across high-frequency
filters;

e) The feeder sources of generators used in standard production must be sta-
bilized.

Directing the attention of a broad circle of radio specialists to the above
questions will no doubt increase the level of this tremendously important field of

radio technique,
36__ RADIOTRANSMITTING EQUIPMENT

- The development of radiotransmitting technique during the last decade is
closely linked with the improvement of equipment, more perfected construction, and

progress achieved in the technology of manufacture, |

To the above statements on new types of generator tubes, one may add that in

modern high-power generator tubes the cathodes, as a rule, are made of thoriated

_‘ 1
tungsten., The resultant decrease in the input power of the filament circuits by

) '2.5 - 3 times noticeably affects the efficiency of the transmitters, New designs

~ of anodes with forced cooling were developed which permit the construction of trans-

‘mitters with powers of 100 and more kilowatts, with air cooling as well as with a

i
[
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rather economical system of water cooling;
R

Designers of radio transmitters now have at their disposal a more perfected set-
up of high-frequency circuits. In the long and medium-wave ranges, mica capacitors !

4.

subjected to agiﬁg; ;;rticularly at higher temperatures, are repi;;E& 5y-ceramic.
capacitors and, in powerful stages, by gas-filled capacitors under pressure and oil-
filled capacitors., In the short-wave range, huge air capacitors are replaced by
ceramic and high-voltage vacuum capacitors. The application of circuit coils with
sliding contacts along the loops permits designing short-wave transmitters in the
two-dimensional rather wide wave range. The dec:'ease in ihe overall size of their

circuits in conjunction with a more rational space arrangement of the equipment,

contributed to the widening of the range in the direction toward shorter waves and
Lo an increase in operating stability. Great improvements were made in the design

of transmitters of other ranges due to the use of new materials and parts. The ap~

plication of magnetodielectrics (ferrites) permits electric tuning, without inertia,

of the circuits in a broad wave band.

The development of feed sources of the transmitters tended toward new types of

small-size, high-voltage kenotrons, dry rectifiers, and powerful high-voltage thyra-

trons. The replacement of gas-filled tube rectifiers by thyratrons increased the

operating stability of the rectifiers, owing to the introduction of rapid-action i

- i

grid protection from overcurrents caused by flash-back in the valves and breakdown !

A —_—

in the tubes,

Success was achieved in the field of control, automatic tuning, and protection

—

of the equipment,

I
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¥ 4 S P S NEW STRUCTURAL SOLUTIONS

4_J |
o)
G The task of mass delivery of radiobroadcasting receivers for the population in-
i
‘volves the necessity of producing receivers by mass-production methods, together
ﬁ with a decrease in weight and size of the receivers, lowering of their cost,and im-
1 ! provement of their quality indexes,

1 It is known that the reproduction of the lowest frequencies of the sound spec-

trum is connected with the perimeter of the housing and the diameter of the cone of

IGTW

B
\0’—‘ -—

- !
R : = . B o o : B B ) ‘
KT . ‘
" Fig.7 - Two-Section Units of Variable Capacitors: :
&t ;
3;‘4 a) 0l1d design, b) and c) New designs

—

the loudspeaker. In order to ensure the reproduction of the lowest frequencies

—_— |

(60 - 100 cycles) by the receiver one usually utilizes loudspeakers with low fre- !

'quency of the resonance of the mobile system and the casing is made with a rela- l

tively high perimeter. With a decrease in the size of the casing and the diameter l

—

of the cone of the loudspeaker, the low frequencies "vanish", leading to a deteriorl

|
—

ation in the sowd qualities of the receiver,
3

It is also known that one of the specific characteristics of the human ear is

its nonlinearity, manifesting itself strongly on the lowest frequencies. If instead

of the lowest frequencies the receiver were to reproduce their harmonics, then, on -

2]
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the strength of the nonlinearity of the ear, whe impression would be created of per-l!

” ception of the lowest frequencies, ; - = :

4. ;

: A sharp accentuation of the harmonics o’ the lowest frequencies is achieved by |
€

means of a circuit solution or by selecting i= appropriate mobile loudsﬁeaker syst;‘éln.

i
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Fig.8 - Inductance Coils of ZZfferent Designs :

a) Without magneto-dielectric, b) With ''zlsifer™ core, c) With alsifer shell-
type core, d) With carbonyl core; extrex= right - with ferrite core molded

A into the plistic

The latter method finds much more applicatior, since it does not require complica-

tion of the circuit and is relatively easy tx attain by a proper structural design

|
of the mobile loudspeaker system, t
{4

o _ |
The reduction in size and cost was grea:"y furthered by the decrease in size l

-
' I
|

of the radio tubes, i.e., the change-over to szall-button tubes., The decrease in
power of the heater of the cathodes of these —=dio tubes also exerted an influence

S50

on the reduction in weight and size, and con:=guently on the cost of the receivers,

e i
|

in view of the fact that the pover of the por=> transformers is reduced,

The use of selenium rectifiers, germanim detectors, and new magnetic and in-

4
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sulation materials permiiﬂea‘a dualiﬁative change in ﬁany elements of receiver de-
a)
. 'sign and thus lower the total consumption of materials.
4 ;
— It suffices to say that the total use of materials for Class III receivers was

(T — - 4

reduced in_f;centvfears by rore than 50% and in Class II receivefs by as much as 30%.

Fig.9 - Printed Mounting Plate of the Receiver "Dorozhny" with Details

Je ! of Assembly :

Significant success was also achieved in the field of the structural perfec~ |

I
!

tion of the basic units of radio receivers. For instance, modern variable capaci-
U_l_: |
tors of radio receivers are reduced in size and weight by more than 2,5 times, This!

was achieved by narrowing the air gaps from 0.5 mm to 0.25 mm and by using a more ,
LI

accurate rolling of the aluminum strip of which the capacitor plates are made. In

!
n I
|

Fig.7 two-section units of the old and new design are shown.
oy
f0~> The use of ferrite permitted a reduction in size of the inductance coils, in-
Tl
- termediate frequency filters, etc. Figure 8 gives a comparison of the design of

"

J./‘—1
_ 7 inductance ccils having ferrite cores with coils having carbonyl or M"alsifer® coresl

LIPS N, —

Ths increase in the specific capacitances of the electrolytic capacitors per-

N
_, F=TS-9076/7 =
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mitted a reduction in their size by 2 - 3 times in comparison with older models,

9"

The decrease in the overall size of the loudspeakers, in combination with the
AL-‘improvements ‘7 design (of both the mobil; and the magnet system), permitted, with-
‘ out imbairing the acoustic qualities of theﬂreceivers, to reduce the size of the
b".casing and to increase the productivity of labor in its manufacture. For example,

"the most popular receiver "Moscovite'", which is several times smaller in weight and
size than the Class JI receivers formerly produced, has acoustic indexes close to
these latter.

Further perfection of radio receivers with respect to lowering their cost is

~ obtained by the introduction of completely new methods of design and manufacture;

_:one of these is the method of "printed circuits", used in the production of both
radiec and television receivers. The basic advantage of printed circuic: is their
adaptability to the highly mechanized and automatic manufacturing processes,

For example, in the five-tube superheterodyne receiver '"Dorozhny", a large por-

tion of the circuit is based on the printed method., Figure 9 shows the printed

mounting plate of this receiver with mounted printed conductors and resistors,

a PROSPECTS OF THE DEVELOPMENT OF RADIOTELEGRAPH SYSTEMS
31‘7 |

In the modern theory of communications, two directions are clearly marked: '

=B

1) increase in the operating efficie: cv of the channel by the fact that statistical'!

Y X

features of the language or of other material transmitted via the communication

Ichannel are utilized and 2) search for methods of transmitting messages which would

LI P

ensure maximum possible stability of the communication channel., The first direc-

tion is most pronounced in the work by K.Shannon (USA), and the second found its
.

most advanced form in the work by V.A.Kotelnikov, "Theory of Potential Noiseproof
L
- 'Feature™. .
3.,—1 ‘
Let us review some special trends of ihe {irst direction.

o f

Modern transmission of telegrams by telegraph teleprinters is based on letter

- F-Ts-9076/V____ 10
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transmission,-wﬁere each ietter is given a fixed.combinatisn of five elémentary send-
9_! |

ings. As each elementary sending has the possibility fo *ransmit one of two mes-
4] :
5

sages + or -, then five such sendings can form 2° = 32 various combinations or {rans-

6. ﬁiz-gé—Aif}éreai ﬁe;g;ées; In the Russian Alphabet there are ekaéﬁiyh3éfietters,Aif
L.'Tthe le“ter e is excluded.,

) Consequently, by utilizing all the combinations of the five elementary sendings,
»
l~Mlemy worded text can be transmitted. But this text will contain no numerals, punctu-
v ation marks, or even spaces between words,
v The question is how this problem is solved in telegraph communication. Each

telegraph apparatus has two recorders: one for letters, one for numbers. On the

letter and the number recorders one can transmit 29 conventional combinations on
:each, a total of 58 conventional combinations. It would appear that this number
ought to equal 64, and not 58, However, one must not forget that of the 32 possible
combinations from 5 elementary sendings; one combination must be used for spaces be-
tween words, another combination for shifting the recorder, and still another com-

bination as the inoperative sign. The last two combinations are necessary on both

recorders. The spacing can be on only one recorder, but this complicates the opera-
tion. :
Thus, on the letter recorder, 29 letters out of 33 are transmitteds On the

number recorder the remaining letters, numbers, and necessary marks are transmitted.

The question arises whether it would not be more practical to produce a code of
1'_‘six elementary sendings rathef than of five; then all the letters, numbers, and ’
1:_—‘marks could be arranged on one recorder, From the point of view of simplification i
‘l—ﬂof the design of the telegraph apparatus, this way would be practical but would'de—f
(:— crease the carrying capacity of the channel. Let us examine this on an example of i
50—

'a simple telegram:

S |
{
%"1 Moscow Gorkovo 17 apt 35 ;
55—% Sokolova
7 _ —
e
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iy Await aunt coming Ufa arrives June 18 '
2 |

-~ !

i o Dunya .
In this telegram there are 60 letters and numbers, 13 intervals between the

words, and 6 shiftings from recorder to recorder, Altogether for its transmission
‘would be required 5 x 79 = 395 elementary sendings. If a six-digit code were used
for transmission of the same telegram, the saving would be at the expense of six
shiftings from recorder to recorder, and consequently, would necessitate 6 x 73 = 438
elenentary sendings, and the time of transmission of the given telegram would be
lengthened by 11%.

Thus, the use of two recorders shortens the time of transmission of telegrans

' and, consequently, increases the operating efficiency of the channel. It seems logi-
cal to attempt to develop this concept further, by applying, e.g., four recorders in-

4 stead of two and in this way still further increase the operating efficiency of the
channel, It appears that this is feasible, As is generally known, the first let-
ters of the alphabet are used more often than the last. If one were to place the

" most frequently used letters on the first recorder, and those used less often on the:

second recorder and in an analogous manner distribute numbers and marks, the five-

digit code could be replaced by a four-digit code. With four recorders and a four- ‘

digit code, one could transmit a total of AL signs instead of 58, since four com-

T L
binatiors of the possible number 2 = 16 on each recorder are used up for shifting

.y !

" of the recorder and for the intervals between letters, while one combination is used

i
 for absence of transmission., If one were to familiarize oneself with the transmis- l
I

“sion of normal telegrams, disregarding the established practice of composing tele-

grams without punctuating marks, then L4 combinations would suffice. As an example,’
I i
Table 2 gives the possible distribution of letters, numbers and necessary marks on !
DL
four recorders.
22— |
e If we were to transmit the above telegram with the aid of the newly composed

.

alphabet on four recorders, then 336 sendings in all would be required, i.e., w;

—

((. |
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"would obtain a saving of almost 12%. ! !

9
< —

._-. Of course, the discussed measure is ¢'mly an example illustrating the basic idea

4
that an increase in the operating efficiency of the channel is possible by practical

6

!

e_| Table 2

Combination No. 112 |3 14516171819 (|10l1n

Y]
ot
V]
IF
[
W
=
o

I

Shifting to Recorder IV

Recorder 1 alvlgim]joik|s]|r}] |ya|l

i A Recorder II bld{i]jn]t |yelyqdu|f |[zh|y

on Recordepr I

Recorder III sh w: p|kh{tslche |" |+ |-

2 Recorder IV 123 |4i516|718}19 (10|11

JAntervals on Recorder [V
Absence of Transmission

Intervals on Recorder Il
Shifting to Recorder IIl

Shifting to Recorder 11

Intervals on Recorde

Shifting to Recorder I

Intervals

coding of the messages., Let us give another example. In this book, there are
L0, 000 typographical signs on each author'!s sheet of text. In order to transmit all

- 3
these signs by the Baudot telegraph, LO x 10 x 5 = 200,000 elementary sendings are
required, not even taking into account the combinations for shifting to the number

recorder and vice versa. If we were to count each word as consisting of fiv: let-

ters on the average, which, as far as the Russian language is concerned, consti-

tutes a gross underestimate, then each author's sheet has to contain 8000 words.

Assigning to each word a fixed combination from a certain number of elementary

sendings, one can prove that 13 sendings are fully sufficient for the description

[ 13
of 8000 words., Actually 2 = 8192, If, from this number, we were to allot 32

—

combinations for nmumbers and signs, a total of 160 combinations could still be uti—}

lized for the distribution of all possible words on 160 recorders, In all, with |

—
-

" - the aid of combinations from 13 elementary two-digit semiings, one can transmit

l

i
160 x 8000 = 1,280,000 different words plus 32 signs and mumbers, These possibili-

4

"~ ties are evidently sufficient for the transmission of any worded text. - . - -

|

However, with this method of coding, the author'!s sheet will require for its

- P-TS-9076/¥——— 13
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. transmissibﬁ appébQimately 13 x 8000 = 104,000 elementary séﬁdings ingz;;&'of the |
_ 200,000 required with the usual method of'telegraph transmission, The saving ob-_ mf
tained, as can be seen, is 2 times, 1In other words, the operating efficiency of thei
”
chaﬁnel can be increased to twice its original value., The aboV;"z;;-ékaﬁsi;; suf-
fice to show the tremendous possibilities in a practical coding.

However, it is not difficult to grasp that the utilization of practical codes
like those discussed above leads to a lowering of the resistance ol the communica-
tion channels to interference. As a matter of fact, when transmitting coded words, .
individual letters in words are distorted. The intelligibility of the text generall&

" remains complete., In the transmission of coded words, an error in one elementary

.-sign means substitution of a whole word so that, in this case, full intelligibility
of the text cannot be expected. This creates the necessity of looking for new
methods of transmission, which would insure high protection from interference to-
gother with the utilization of practical coding.

The basic principle, developed in "The Theory of Potential Noiseproof Feature"‘

- by V.A.Kotelnikov, applicable to telegraph systems, boils down to the requirement of
transmission of sendings reflecting different messages (letters, words, etc.) with
the aid of orthogonal functions. This means that sig.als carrying various messages

‘e '

must differ to the maximum extent. Therefore, the problem arises to f::d economical
I

methods of encoding which, together with maximum operating efficiency of the channel
and without widening of the band, would ensure marimum possible distinctions of the

code combinations in order to increase the protection from interference,

It seems that the development of radiotelegraph systems is bound to go along

—

'such a synthetic course,

"-b-_,
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12_—{ RADIO RELAY COMMUNICATION ON ULTRA-SHORT WAVES

e ! by

‘.' —_ V.A.smimov

1%

' The development of the technique of ultrashort waves (VHF) down to waves of the

- millimeter range, was considerably furthered by the scientists of our country. A

series of papers of fundamental importance in the field of propagation, generation,

and reception of ultrashort waves by B.A.Vvedenskiy, A.A.Glagoleva-Arkadtyeva,

M.A.Bonch-Bruyevich and others belong still to the Twenties cf the present century. -

t
The same period includes also the firs: work on testing the practical feasibility of

—establishing commnication on ultrashort waves, conducted by B.A.Vvedenskiy,

N A.I.,Danilevskiy, A.G.Arenberg, A.V.Astaf'yev, Yu.N.Sheyn, S.Ya.Turlygin. The de-
ﬁsigning and creation of the first ultrashort wave lines of communication began in
‘ -the Thirties. Thus, during 1932 - 1934 in the USSR, equipmert operating on meter |
_waves was developed and installed or the experimental communication lines Moscow-

—

Kashira and Moscow-Noginsk. Later, during 1934 - 1936, experim-nts on telephone

—

‘" ' communication were conducted on the 60-cm wave, with the suburbzn uone of Moscow

| ,

LNd

- - (10 - 15 km). In the prewar years, work was being done on the creation of a more

5

~powerful ultrashort wave communication channel for multichannel telephone and tele-

L

{
graph commnication.

During the same years work was begun in cther countries on using ultrashort . _

N

waves for communication purposes. In Germany, approximately during the peried - . ..
5¢_|
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1932 - 193—1;, t;he first éatisfactory results in é;:nﬁnunication on meter A;l-a\;e.as were i
;—: achieved. 1In 1934, the firm Telefunken established for the first time a communi- _:
o cation on the 50-cm wave, at a distance o!f about 10 km. !
o In- i§32, the fi:r—st' c;ommu:.mication- on t,k;e 5-m 'wa\;e ;fas oi'gahiz_ed~—c—>—\;;;r_;ne -B;'iti;;l
‘ Channel in England. In 1934, England was the first to use an ultrashort wave |
‘ insert" into the conducting line, which ensured operation of six telephone chan-

nels, In 1937, a 9-channel service was accomplished through the Channel between n
the points Belfast-Stranrir on a wave band of about 4 m over a distance of about 1
55 km.

The first link in the USA, which operated on a wave band of about 3 m was es-
tablished between New York and Philadelphia in 1936. This link had already two in-
termediate booster stations and can be considered as the first radio-relay communi-
cation system,

However, all these single lines erected during the decade 1930 - 1940 in dif-
ferent countries were of an experimental character., Communication on these lines
was realized in the majority of cases on meter waves and the number of similtane-

ously operzting telephone channels on these lines did not exceed six.

In the following decade 1940 - 1950, owing to the rapid development of the

ultrashort wave technique, the development of the technique of decimeter and centi-.

meter waves in particular, and also as a result of mastering new methods of modu-

ﬂlation (frequency, pulse), ultrashort wave systems found wide application in prac- |

- tice. Systems appeared which permitted simultaneous operation of several tens of
.'.-‘—‘: channels and, toward the end of 1950, even of hundreds of telephone channels in one
p j"radio trunk" (i.e., in a single broad-band radio transmission), accompanied by the
by

- development of systems for televieion transmission. The field of application of
L

I ey

i
~ ultrashort wave systems also widened: short ultrashort wave "inserts™ into the con-

~ ducting communication lines found rather wide application in places where the laying

" of a conducting line was hampered (for example, under water or at mountain condi-

7] |
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- tions). Single, relativelj_SEort ultrashort wave lines Begén_£6 replacé 6ab1es for -
92
! .
;Jthe connection of studios with broadcasting transmitters or of transmitting and re-
4 |
... ceiving centers with radio centers. Special stationary-mobile ultrashort wave com-
6 .

. munication systems were created for servicing railway and automobile tfansportation;
. ,

for postal service in towns, etc. The transmission of television programs from sta-

diums, public squares, theaters, etc. is effected in the majority of cases with the
"aid of such ultrashort wave lines. At present, there exist multichannel telephone

and television radio relay systems of many hundreds and thcousands kilometers length,
14—
The radio relay communication systems are undergoing final develornment in the
1
current decade, after 1950. The technique and economics of these systems have al-

ready reached such a level that they are fully competitive with aerial wire and

4

cable systems of long-distance communication. Radio relay communication systems

began to be put into operation on a large scale. The industry produced for this

purpose a series issue of highly perfected equipment.

b
ol -——

During the war years and during the first postwar years, the technique and in-

troduction of ultrashort wave communication systems in the USSR was somewhat de-

layed, However, during a later period, particularly in connection with the direc-

tives of the Nineteenth Congress of the Communist Par‘, on the introduction of

ultrashort wave radiobroadcasting and radio relay systems, an expansion of opera-
tions in this direction began in every way. Several radio relay systems have al-

ready been established, none of them being in any way inferior in quali.y to ;
1 'foreign systems of the same power. Development of still more perfected systems is
iy

#5_|
18—'been considerably extended. The technical foundation has been created, on whose
1o
so-lbasis “his network will expand rapidly in the coming years.

__’

-

cn
\

"~ 2, Radio Relay Comminicatior. Systems and Theil: ' atus of Development

being continued, The existing network of radio relay systems in the country has

According to literature data, and mainly judging by the material of the MKKP

567
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a;xd }".KKF,_;;uite a clea; ‘idea éan be formed both about existing_ ;’adio relay systems l

- !

and those in the stage of development as well as their adoption for operation in a ,
- number of countries. i ‘
(S

"

In the majority—o.f systems of multichannel telephorie service, the ;:r_ir:nciple o}-

[
=

| frequency division of channels and the same terminal equipment as in wire communi-

‘ cation are used. The use of one and the same terminal multiplexing equipment in
radio relay'a.nd wire lines substantially simplifies the interconnection of these
lines and lowers the cost of the system as a whole.

Both in telephone and television ultrashort wave systems, frequency modula-
tion (FH) of the carrier frequencies of the transmitters are generally used. In

' some countries, multiple telephone systems have been developed :.ith time division of‘
channels, but with the total number of channels not exceeding 24. In the over-
whelming majority of such systems, pulse time series modulation and amplitude modu-
lation on radio frequencies (PTM-AM) are used. Less popular is amplitude modulation
of the pulse series with frequency modulation of the radio frequencies (APM-FM) or

A pulse-duration modulation with amplitude modulation of the radio frequencies
(PDM-AM).

In some countries, systems for a number of channels, 600 and more in a single

.radio trunk, are in the stage of development,

The present status of radio relay lines is characterized by the total length

of these lines, which in different countries varies from 600 (Switzerland) to i

60,000 (USA) k.

f g—

= During the next 3 - 5 years, about 20,000 km of radio relay systems equipped

with modern apparatus will be erected in the countries of Europe ard Asia. Projec-

40

- ted radio relay lines for communication are as follows: USA-Europe (via Greenland),
304
-~ Ankara-Beirut - Kairo, etc. At present, England, France, Belgium, Denmark, Holland,

2 \

—

# In addition to the main lines, this also includes the commnication lines of the -

transportation system and other systems, . Lo o o=l

FTS9076/y_ ns
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Switzerland are in the process of interchanging television programs over radio relay

2 -
|

_—lines.-__v e v S o B ,
4_; ' |
- Of interest is a comparative economic analysis of radio relay and cable lines, !
‘- ‘published in the English literature (Table 1), -
e
10:4& Table 1 _
12 |
flomparative Economic¢ Indexes of Radio Relay and Cable Lines for Trans-
) a mission of Television Programs (Engiand)
-
1 . Basic Indexes Radio Relay Line Cable Line
S Relative Weight of Steel 2 1
] Relative Weight of Copper 1 55
Relative Weight of Lead 1 280
Relative Weight of Aluminum 1 -
Size of Buildings, m3/1<m 7.8 1143
Electric Power Consumption, w/km 156 81
Total Number of Radio Tubes per 1 km 13 7
i The cost of installation of a modern radio relay line with a small number of |
—channels is comparable to that of a cable line, while with an increase in the num-
-—-ber of channels, the cost is reduced, Acccrding to presently available approximate':
_data, the cost of erecting a radio relay line with a capacity of 60 - 960 telephone
d channels amounts to approximately 90% -~ 60% (depending on the number of channels)
=4

*"__"of the cost of a cable line of the same length and capacity.

5] . .

-3, Block Diagrams of Radio Relay Systems ;

R

o)
\

Radio relay communication systems, as is generally known, consisi of an it-

R

erated network of ultrashort wave radio stations, placed betwsen conforming cor--—-!
|

Al )
-—l 1l

respondents, Two extreme stations of the line arn called terminals, while all

52
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others between these are called relay stations. If the surface of the terrain be- |
2= !
tweer the terminal points of the communication lines is fairly uniform and if waves '

4__ i d
! |
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Fig.l - Simplified Block Diagram of a Radio Relay Line

of the centimeter range up ton several tens of centimeters are used, the average dis-
tance between the stations is of the order of 50 km. Depending on the length of the
operating wave and the topography of

v o the locality, these distances may vary

- ]
o CA 8a Q” considerably, reaching at times sev-
l == . |
Pd eral hundred kilometers. Each sta- I
0A
Pr L tion on the line is a complex of dif-
N L:{ﬂ ficult radiotechni.al devices and in-

PP

stallations. The most powerful modern

— radio relay systems have several (up

~ Fige2 - Simplified Block Diagram of a

45% to 7) radio-frequency trunks, in each
~1

Terminal Office
of which several hundred telephone

conversations or one tel:vision program can be transmitted. All trunks are usually\

|

"'. identical as to composition of the equipment; therefore, it is practical to first —
= |

‘give the composition of the equipment of a single-trunk line, and then show how the

N
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- trunks are united intc “3e total system,

2
1

— - Figure 1l gives a s==plified block dia'igram of a radio relay line consisting of

4.

1? 2
(S Fo | e— . \ T . N
- ‘tions, OAl and 0A2 are Zhe terminal offices at the ends of the commmication line,
[

{ CH.

. n bays, where OCl and:C2 are the terminal stations, T., T, ... T, are relay sta- |

. OAT is the terminal oI ce which is connected with any one of the relays where a

-

separation or a parall:" branching of a part of the channels (for example, of the
1€

audio or television ciz——els) occurs, while o Tos
14 .

frequencies used on tlz Zndividual sections of the line,

voe fi’ fk are the operating

Many of these frer—.=ncies may be equal, i.e., on different areas of the line

e’

pd B
e

L
-Le;—ﬁ

e = Fige3 - Sir="ified Block Diagram of a Radio Relay Station

|
the frequencies may rer=xzt themselves, In the simplest case, only two frequencies: '

h fl and 1'2 are utilized a= the whole line, . ;

Let us review the>xsic composition of the equipment of the terminal offices

—-'and relay stations.

.15__'

40
'

o

The block diagrama™ the terminal station shown in Fig.2 indicates that the

— entire equipment of the i.2rminal offices is divided into the following basic as-

SC_!

;7 semblies: l
"'1' 1. High-frequenc: =quipment - BA, comprising the transmitting device Pd and ‘
; T rec:eivm-g deviee;‘:;-;‘ - o T

:l.._____ S

55_|
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2, qervice equipment CA' i

|
- - 3. Terminal equipment OA; . . 2 - e Fe-
f
- L. Devices of primary feeding PP;
6. Wyl . LB . SN A -
. 5. Transmitting and receiving antennas A; d
£l |

6. High-frequency antenna feeders (waveguides) L.
The function of the Pd and Pr units, entering the complex BA and comprising
also a series of modulation and demodulation stages, consists in filtration, genera-

tion, and amplification of frequencies corresponding to ultrashort waves., With the

me s

|

'l —_—

/-sr}#

AT

SR

Pd
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Figel, - A Simplified Block Diagram of a Station with Multitrunk System

— |
- a) Intertrunk filters; b) Apparatus .
|
ol ' :
‘ aid of the high-frequency lines L, usually in the form of a concentric cable or holt
' -
"low waveguides, Pd and Pr are connected, respectively, to the transmitting and re-

A

45
~ ceiving antennas A which generally have high directivity.

505} The terminal equipment QA serves the'following purpose: either a) to bring up

— one or several telephone or other channels to a fixed level, to place the chznnels .
_-—1 A ;
" in the frequency spectrum, or to time them so as to create a common orinary modu-

N '..'.._-

lation Spectrum entering the transmitting part BA; or b) to effect a reverse process

]
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of separation of individual~éhanne13 frbm thé master primary modulation Specirﬁm, ob;
!

2

tained at the output of the receiving part BA. _
4. !

- The service equipment CA comprises signaling devices, not provided for directly
€Lk o T S S S . o
in the OA and BA units, devices for establishing service telephone communication and

for automatic control and administration of staticns.

The volume and technical solution of each of the basic assemblies depend on the
1§ =
type of commnication system, which is determined mainly by the quantity and quality
1
of t“e channels formed and the type of modulation used.

i

A block diagram of a radio relay station is shown in Fig.3.
The relaying part consists of a compensating unit for the attenuation of the
..ultrashort wave field, created during propagation, also when a chonge in the direc-
tion of the propagation is required, For this purpose, a weak signal, received from
one of the directions, is amplified and then re-emitted in the same direction or in
another one. It is essential to note that, for the time being, relays in which such
- amplification is effected on operating high frequencies are hardly ever used in
practice, Therefore, modern relays have a very complicated equipment containing
several demodulation and modulation st ges, while amplification of the signal is
done on the relatively low intermediate frequencies,
As indicated by the block diagram, a relay station is a combination of two BA
units. Sometimes, the BA of the relay stations coincide fully with the circuits and
sizes of the LA in the terminal offices. This is the case for the practical relay |

=)
types where the process of complete modulation takes place prior to receiving of the
RS
primary modulating signal, which arrives from the terminal office. In other relay '
!
= .
types, the number of modulation and demodulation stages in the BA is decreased, so

48._1

’0:;‘that there is no demodulation prior to receiving the primary signal. Sometimes, th
D)
- separation or branching of all or part of the channels is done in the intermediate -

40

~ relays. In this case, a corresponding terminal equipment OAT , shown in Fig.3 by a

‘dotted line, is subconnected to the BA relay. The necessity of separating in each

. F-TS-9076/v _ __ 123
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~station the service cor—unication channel and the control and direction channels

{

- further complicates the equipment. . : : —
4___ﬂ i
— At present, the technique of ultrashort wave commun’cations is very near to a

|

€

practical realization of amplification on high frequencies and tt;s- t;o t—.he rea.liz;-

h——

tion of simpler relay stations without frequency transformation.

The joining of several trunks in a siiigle radio relay line is done in the block
diagram shown ia Fig.L. In this case, individual trunks operate on different car-
rier frequencies, but with cormon antennas, and the connection of the equipment of

. the individual trunks to the cormon artennas must be accomplished by separating band
o filters. In some multitrunk systems, only two antennas are used instead of four, so

that transmission and reception in one and same direction are achieved on one an-

tenna. This further cozplicates the filter system.

Lo Fundamental Equations of the Radio Relay Syst.em

The calculation of any radio relay line can be done with the aid of two basic
equations, These equaticns establish the connection between the most important

parameters of the radio relay system: of the actual power of the transmitter P_. of

pd
each station; of the sigr2l-to-noise ratio at the output of an individual communi-

. S
cation channel (for example, of the telephone channel) at the end of the line -2 ;
- N
a
of the effective band of the system Af; and of other parameters, !
o The first equation has the form 5
_d
$4 4 P
-E_ =R = IWF (1)
1° 'Where M is the total attenuation of the section, equal to the relation of the actual

[#5]
2

power of the trarsmitter de

L is the attenuatior in the elements of the equipment between the output cir-"

to the power at the input of receiver Pnp;

[

|
——— - cuit of the transmitter and the grid circuit of the first tube of the re—-—-

v

e A T

e=oc ceiver, Here the attenuations of the waveguides, output and input filters-

1
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e in the antennas are connected. Practically, the largééﬁ attenuation com

|
= porient L is due to losses in the waveguides; -

— W is the attenuation, Tixed by the ratio of the magnitude c¢f the power PI , ?
6 ! : X

i

- emitied by the transmiitidg-éntéﬂh;: to the ﬁagnitude of_iﬁ;'power arriving_
8-
( at thz2 receiving antenna P«—, under the assumption that the propagaticn of

(‘jﬁ electromagnetic energy takes place in a vacuum;
F is the attenuation, fixed by the fact that propagation actually takes place
not in free space but in the atmosphere near the rough surface of tne eartii
The factor F i1s = magnitude, varying in time as a result of constants
changes in the atmosphere,

The study of tie prcingation conditions of ultrashort waves permits computing
the average value of the cutput WF as well as ecvaluzating the magnitude of the oscil-
lations of the factor F, when the structure of the atmosphere is changed, Fu.da-
mental work in the field of propagation of ultrashort waves was carried out in the
USSR. This mainly includes the papers by B.A.Vvedenskiy whc, still in the Twenties,
elaborated the methods of calculating the field of ultrashort waves within the
limits of direct visibility and later in the field of diffraction beyond the limits
of optical visibility. At - much later stage, V.A.Fok specified more accurately the
calculation of the field of ultrashort waves within and without the limits of visi-
bility by taking into consideration the refraction in the atmosphere, The new
methods of calculation developed by him are today the most common and the most |

32 i
rigide In recent years, B.N.Troitskiy and A.I.Kalinin contributed valuable informal

g
i

— tion to the question of jpropagation of ultrashort waves, as applied to actual con-
46 I

18—‘ ditions encountered in radio relay systems,

50—— The second basic equation, necessary for the calculavion of radio relay lines

— is as follows: !

. P
fa . _pd o @
Na NpdZ 4

—

TR ==
B
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| Here P, is the actual power at the transmitter output; a ]
;—! - Npr is the power of the fluctuation x'\oise, relative to the first tube of the re‘l-
: ceiver (usually at the input of tl.he mixer); . g
Z-_."”‘ “This power equals | ""“'_I
_ Nop = No KT AL (3) '
o where No is the noise factor of the receiver, which for quality receivers is within '
‘ the approximate limits of 5 - 30; :
; K is the Boltzman constant;
_- T is the absolute temperature. At a temperature of 20°C, KT = 0.4 x 10720 w3
i Af is the effective width of the band of the receiver, in cycles;
- ;i is the signal-to-noise ratio at the receiver output in the band of an in-
dividual channel., This magnitude is usvally rated and, for telephone
trunk lines, is equal to 6 nepers;
B is the noise gain, depending on the form of modulation and on the correla-
tion of the bands at the receiver and individual channel input.
Finally,
"‘_\ Ty ThytHyteee vy (%) '
i} I ‘
represents the total attenuation of all sections of the radio relay system. :
1:— It can be assumed that |
b
e Iy "nh, (5)
46 |
48:‘where o is the fading of the equivalent section equal, consequently, to
o |
1] B = -zn—p’ (s8)
— |
l

"=~ Then eqs.(1) and (2) can be written in the following form: — ———————--——

ch
.
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In order to assign the parameters of the communication systemz-—urately and to

‘ fix the possible stability of the communication line as to time, i:-Z= necessary to
1::kncw the behavior of each ui as to time or, what amounts to the sae, of each Fy. .
a - In this connection, an increasing number of publications in recent;===s gave the

i?wdistribution curve Fi for various kinds of tracks, representing th: —=sult of long
:”— experimental research. However, due to the considerable variety o === tracks as

22 1

- e

to length and profile as well as due to the utilization of differer Trequencies in

the systems, there is no sufficiently large amount of such experime—=_ data avail-

able at present so that a suitable classification is still missing. Tzerefore, the

calculation according to eqs.(l) and (2) or (la) and (2a) is only c——oximate, Be-
- sides, it must be noted that establishing the law of distribution ¢ —te quanti-

ty Hgs» €Ven at assigned laws of distribution for My [eq.(5a)], preem=s in the ma-

Jority of cases a rather difficult task. i

5. Distortions in Radio Relay Systems

- The transmission of signals of a given kind through the actua’ =—rrmnication

systems is always accompanied by distortions. The distortions encuz—ered in

46 i
— origin and distortions of deyandent origin. The distortions of ine-=odent origin
8

i

i
- pheric or industrial origin and fluctuation or smooth noises, genexzt=3 in the !

5

— equipment of the communication sysitem itself, All interference of:*Zs kind is in-

ST —_— e S O

"dependent. on the transmitted signal emf, created in the commnicatix zhannel or

S s oo e ———— . e — o

3—{
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introduced from outside. Consequently, these types of-interference are detect«d in
the communication channel even if there is no useful signal available, __ .

The distortions of dependent origin are caused by the imperfection of the com-

|
.
|
!

" mudcation channel of the system. These include, for example, distortions due to
jthe nonlinearity of the amplitude, frequency, and phase characteristics of the com-
munication channel, as well as distortions due to the presence of parasitic channele
of the system, which occur (for example) in multibeam propagation of radio waves.
This kind of distortions includes quantization noise created in the process of pulse-
‘code and delta-modulation which, in multichannel radio relay systems, manifest them-

selves most frequently as additional noises in the channel. The origin of these

noises is directly linked to the useful signal; when it is absent, such noises are
not detected.

The study of the noises of independent origin in the channele of radio relay
systems shows that, in the 100 - 6000 mc frequency band normally used here, atmos-
pheric interference is practically of no importance, Only at the lowest frequencies
of this range, during the time of a local thunderstorm, can these disturbances be

-perceived faintly.

More pronounced in the given frequency region is industrial interference,
particularly that due to ignition systems of automatic machines, tractors, -aircraft,
etc, In the decimeter and especially in the meter wave range, the level of such in%
terference at the point of reception must be taken into account, the more so, if the
reception is effected under utban conditions. For evaluating the noise level of
o this type of interference, experimental deta are used, However, modern, high-

48--—<powex' radio relay systems operate normally on waves of 20 cm and shorter ones,

|
SO_A where the level of industrial interference is so insignificant, that it is usually
_q-",disregarded in the planning process. !
& .

rl“‘; The independent noises include as the most important type for radio relay :

Tl —_—

systemq the set noises or inherent noises. These arise mainly at the input stages
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|of the receivers and, to a smaller extent, in other elements of the equipment. On :
2— - f
_;t.he radio relay lines, these noises are stored from station to station, as shown by '
4_ | !
— the second basic equation of .,adio relay communication [eqs.(2) and (21)]. i
6 L

Tﬁ; noises of depenﬁént. oi'igin in miltichannel radio relaj s}si;xné_minifeét_ -

Lo

themselves for the most part as transient noises, These noises are by no means less
0-

-

‘important. than the fluctuation noises, They are easily detected in each of the in-
& _'dividua.l channels of the system, when useful signals pass in ail or part of the
l —‘ other channels,
“: R Modern (theoretical and practical) mec: ods of analysis and calculation of
¢ _.‘ smooth, independent noises in radio relay systems as well as of transient, dependent

oA

L R—,

noises, are based on two fundamental theories, created by Soviet scientists: the

=

S’ el

. theories of stationary random processes estzblished by A.Ya.Khinchin and the theory

)

.‘ of potential noiseproof feature by V.A.Kotelnikov. These theories permitted a com-
parative a.nal-ysis 0. numerous radio relay systems with different kinds of modulation,

| from the point of view of the basic indexes of the given systems - the magnitudes of

all kinds of noises, Among other papers in this field should be mentioned those by
V.I.Siforov, V.A.Smirnov, S.V.Borodich, I.S.Gonorovskiy, Ya.D.Shirman, and V.I.Buni-

B movich, Substantial deveiopments in the correlation method of the analysis of ran-.

- dom processes, widely used in the analysis of distortions and noises, were created

” by the Soviet mathematician, V.S.Pugachev. i

—
.
i

6. Basic Characteristics of High-Frequency Equipment of Radio Relay Systems

44
~'a) Radio Tubes and High-Frequency Equipment
46 4 l

48 Modern powerful radio relay systems occupy RF and IF band up to several tens

50— of megacycles. The frequency deviation on the carrier may go as high as 5 - 6 mec.

="' The actual efficiency at the transmitter outpat varies between a few tenths of watt?

. .

to several watts
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