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LONG-DISTANCE TROPOSPHERIC __mpgg@ggnﬁ_gg_u;@wuom WAVES*
|
|
by

i
B.A.Vvedenskiy, Honorary Member of the Society

A.G.Arenberg, Active Member of the Society

j 1. Introduction

Because of the successful cevelopment of experimental technlques and because 0
the multitude of new radio lines which have started operation in recent years, it
has been found that in the band of ultrashort waves (meter, decimeter, and centi-

-_meter waves) transmission is possible at dlstances which were co
~ceivable up to very recently, or if it were possible, then only under special,

24
rare metereological conditions. This concerns directly the task assigned to the

26
50v1et radio engineering by the historical decisions of the Twentieth Congress of the

l
_Communlst:.c Party of the Soviet Union. These decisions open wide scientific and ;

) ::technical possibilities for creating new ;ystems of long-distance broad-band commun-
" ications.
— However, it is not without misgivings that we accepted the proposal to write
‘—Jthis paper. One of the reasons is that we cannot tell anything very new to the
38——speclallst.s, in addition, it must be admitted that there is a certain lag in the
development of these problems in our country, and finally - although very recently =

_t.h:x.s problem has been discussed in an extens:we and by no means always unanimous

llterature, which cannot be summarized, even in condensed form, without consider-

N 1
" able difficulties. ‘ |
We will begin our report with a brief reference to the history of ultrashort B

U —

_ wave propagation. With certain reservations, the following basic stages can be dif-

3
i

- * Paper read.in Moscow..on 12 May 1956, at the Scientific Session of the Society __ '

mem.i.s Popov,_dedicated. to Radio Day._________ e
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ferent:iated. i '

)
|
l
|
]

! __First stage (early Twenties). .Jl'ht:,;Ein::’a!:._p.r_an.c_*s_i.9?*_1__:’1‘6.s;P_s_.ézt_r_e_k_e»i.rgz;-@.49;~ the

i._, equipment is primitive and the distance of communications small. An interferential !

- N S S

-_I structure of the field becomes establishetii in the vertical plane, and the dependence:

e :
_. of the field on distance and altitude of the correspond:mg points is found. Quad-

i
10— |
-- ratic and other interference formulas are derlved. A negligent attitude toward the }
2 ! i
troposphere leads to the concept of ultrashort waves as "quasi-optical waves, spread-
4 !

__ing only to the horizon". ]
|

4

-

15)

Second Stage ( end of Twenties-'l‘hirties) The equipment is rapidly developed. i

18]

The distance to the horizon ceases to be the limit for communications. The role of

tropospherlc refraction becomes known; a concept of the equivalent radius of the

92__[ t

— earth is introduced. Simultaneously, d:.ffractlon formulas are developed, and - in

—_the form of a synthesis -~ refractlon is mtroduced (by means of an equivalent

26 !
__ radius) into the d:.ffractlon formulas. An aera of increasingly refined and exact

248

! |
__.mathematical work on these formulas has started.
3,_%

]

5 'development of equipment. The study of the troposphere is intensified; radiometer-
’ r—‘ __eology begins; the role of atmospheric hmnldlty in the propagation of radio waves
30_—;1 is emphasized. The number of stations opﬂrat:mg on ultrashort waves of all types
38—_-[increases rapidly and continues to multn.ply, the volume of experimental material
:f._ accumulates accordingly. Special metereoioglca.l conditions make possible "ultra-

_'distant reception". To explain this fact, a theory of tropospheric wave carriers

Third Stage (Forties). Radar, television, etc. give a powerful impetus to the

4 :
- is created which in certain cases and to a certain degree corresponds to the empiri<

4z
&
“4e

.- cal data. Theoretical mathematicians givg this theory a very complicated mathemat-

—'ica.l form. The question of absorption (partially selective) in water vapor, atmos-
50——‘: ’ . .. * :

- pheric gases, rain, etc. is treated. | ) : . o
52 .

Fourth Stage. Further improvement of the equipment and a w1dem.ng of the net‘.—i

3 work of regularly working ultrashort wave >st;£i_gr;~1;1-the_f‘6rt1es and Fifties,
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- especially in the last five years opens new posabilities of very .dista.rit (as far as
: i'l:ne ultrashort wave band is concerncd) and predominantly tropospheric transmissions :
“_‘ over hundreds and even thousands of kilom;ters - even in absence of wave carriers in
:,‘ the troposphere. At present, the poésibiftf{ff—oi‘”a_' regular transmission over such !
.. great distances of both speech and television has been experimentally proved, and

10 :
_ ! experimental multichannel transmissions are being carried out.
12 :
:i Some correction must be made at this point: VWhen speaking of "long-distance®
14 1 |

— ultrashort waves, we have in mind only the effects caused by the troposphere - not
__'the still greater distances, chiefly in television, achleved by ultrashort waves

|
(as , for instance, reception of Moscow telens:.on programs in Holland) and sporadi-

cally observed at wavelength not below 5 m, it can be considered as proved that this

can be explained by the ionosphere. Although the mecham.sms of these two types of

. propagation of ultrashort waves are mtmately correlated, we will not speak here of
26 |
__ ionospheric phenomena. The field of discussion is limited by the scope of the pres—'
281 |
__ent report.
SO
— Studies by Italian scientists in 1932 and Soviet scientists in 1933 preceded
32_|
" the discovery mentioned before, that waves of about 60 cm (although only sporadical-

__1y) reached distances of some hundred }o..lometers in radiotelephony. With mcreasing

'_ regularity, fields which in certain respects were larger than those obtained by us-
38-__ua'1. diffraction computation, were observed. The number of such events during the
43_ World War II increased, and some of these’chd not substantiate the wave carrier
[; —Jtheory. American authors mention 1948 as'the date when a considerable number of

.__. such events became known. An important role in their accumulation is played by ra-

_‘dar stations and radio-relay links, where unexpected mutual interference and great

- dlstances were observed. [
5S¢ ot

_ In the beginning, super-distant fields were only considered-as dlsturbances.
[

However, when it became clear. (about 1950) that distances of regularly stable recep—%

. tion can be reached on cent:uneter waves, detalled studles were made in the USA to
g

-~
£y

5
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determine ihe practical value of the newly discovered effects. In one of The Ameri-
2—

can articles, the au aim of the study was described as a desire "to .detennine thg__pgg_s:_l_-"-

A i
— bilities of using higher frequencies" (natura]ly, for tropospheric transmission)
6

:_-Further the article states: “Lower frequencles “gransmitted { through the jonosphere
i

Twere found less convenient because of variable cond:rblons in the 1onosphere"
i

Here a few words should be said on terminology. The expression nsuper-distant i

ropagatn.on of ultrashort waves®, in our opmion, is unsatisfactory since, compared

to the propagation of short waves, the express:x.on " super-distant" sounds rather pre-

__4*bentn.ous. The expression: npropagation of wltrashort waves beyond the horizon® is

~not good either, since propagation “beyond the horizon" was known before and the
expressmn does not convey the novelty of'the effect. An expression Very much used
at the boundary between the Forties and Fi_ftles, namely "“turbulent propagation®

‘___~seans too categorical and too presumptlve for the mechanics of the phenomenon. The

:'term nscattered (or diffused) propagation is also objectionable since scattered

— !
__fields are also observed in the pro:dmityizono.

Some authors use the expressions nextra® (or "super" or ntrans") ndiffractional
__'propagation” in view of the fact that these effects have been discovered t.t_u‘ough the
—dn.fi'erence (increase by tens or even hundreds of decibels) of observed fields, as
compared to those calculated according to usual diffraction formulas, containing the
equivalent radius of the earth. Finally (a.lthough this enumeration might not be

complet.e) occasionally the term "rad:.o-crepuscular propagation™ is used, This is

__based on the fact that, whatever the p0551b1e mechanism of long—dlstance propagation
jof wltrashort waves, the effect depends on the role of very high more or less equal‘

s*+qospheric layers which, illuminated by the sun, create the crepuscular effect and
-M.]the expression nradio-aurora®e. 3‘

We prefer to use a less compulsory and, at the same time, more adequate expres-

sion for the true status: ®distant propagat:.on of ultrashort waves through the trop-* ‘

- osphere“
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The foundation for a systemat:-ic study of distant tropospheric propagation of j

ultrashort waves_has been laid (as_far asican be determined) in the USA' by the Fed-
I
era’L Bureau of Communications, the M.I.T. , the US Naval Research Laboratory, and by

- -the Bell Telephone Company. Separate papers s have been published in the USSR, Eag-
._'land, and France. USA authors call 1953 the year when technical usefulness of ®dis-
tant" propagation has been proved beyond doubt. The total number of published paper's

:iby authors of these countries is more than 60-70. The problem is ben_ng studied in
|

'ten large Institutes; the number of persons mentioned by the authors, as working the: -

16..J

__projects, is over 200; the number of other participants is evidently still greater.
16 _|

The studies encompass the bands from meter to centimeter waves. Studies were
'and are carried out on a long-range basis ‘(months and even years). Average values
_ of the fields (power) and character:.st:.cs of fading are indicated. Distances for
,‘iwhich the studies were made reach 500-600 km, even 1000 km. The altitudes for the
_ corresponding points are taken both low and high (mountains and airplanes). Most
__'measurements were taken on land at fixed éoi.nts. However, a considerable number of
_._;meastmanents were made with receivers moving along a certain course; for instance,
u:‘xappro:dmately along a circle having the transmitter as center. This was done to

_.evaluate the role of the obstacles (so-called' ndiffractional amplification by ob-
i ! .

|
|

The results are mostly expressed as tl_,he ratio of received power to radiated’
~_:power (rattenuation by propagation"*). Tne coxnparability of results is achieved by
;'_. excluding such characteristics as antennalamplification (redncing to ieotropic) (re-
l ‘Jduced tol kw), absorption in feeders, and even the jnfluence of the earth's surface

(t.he latter, by necessity, is only appro:mnate).

_ Part of the studies is carried out wlth specially 1ssued or manufactured equip-
S0~ | -
- ment , but other results are obtained from the operafblon of radio N television, and * ¢
5 i N i ' i‘
. z : : .

% For practical.purposes, the minus sign in a logarithmic expression _(when_going

*°_ over to decibels)_is replaced by the inversed. proportion.

H P
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__modulation are used (for meter waves, resz;atrons and for decimeter waves powerful

A 3

T ¥iystrons with external circuits are used). The continuous power output reaches
|

e :
. 10 kw. In pulse radar stations, the pulse power reaches 1 megawatt and the average B

10— i
, power, 300-500 w. i

19-] ’ !

The receivers have high sensitivity and selectivity, are free from noise, have
14 _J

i
" a broad band and minimal distortions. In certain cases, the sensitivity reached
—“135 decibels at 1 w. Spaced reception haé been used intensively and with success.

18 i
As antennas for ultrashort waves, paraboloids of rotation with diameters from

"0
__a few meters to 20 meters (weighing 3 tons) are used, while the common type for

me'c.er waves are v:Lbratlng arrays. No def:xm.te advantage has been detected in using

‘different polarizations.
‘76 _!

_ Some Experimental Data

i
3
!
[
|
1
l
l

One of the basic characteristics for the propagation of ultrashort waves alwaya

has been the dependence of the field (or power received) on the distance. In the

ot _‘case of interest here, this question has not been decided'- chiefly on account of
K _“ithe considerable scattering of experimentz;l points, although average velues of fields
30— (or power) have been collected for a cons::.derable period of time. There is every
A1 ——%reason to believe that this scattering is chiefly caused by changes in the tropo-
Ispher:.c conditions including climatic; in adchtlon, the terrain features of the

earth's surface may influence the character of the field.

Since the publication of papers by Bucker and Gordon (1950) it has beer: tacit-
: ly agreed to accept for the f:Leld (or for the power, i.e., for its "attenuation") in
-.:the ntransdiffractional tropospheric zone" whlch interests us, - a dependence on the,
——idistance expressed in a certain power of the original figure. With reference to thq

. i
H . 1
I . above,.we analyzed a considerable amount of data in our possession and arrived_.a.t.____i

t
_the following conclusion: In first and rough approximation, a tropospheric_field_ in'' .
STAT
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" the transdiffractional zone can be considered as inversely proportlonal to about the

‘20 . _ 3. 5 or A power of the distance s 50 that

N\

=40 - the attenuation is expressed by the 7-gth pow—

60 er. However, not only these figures but also -

-30 N the "power" dependence is far from being proied.
4,”,1 " Nonetheless the approximate dependence
0

-2 mentioned before is to be considered a practi-\

15 38 48 60 160 320 480 800 %00 |
_ b L cal flgure both for observations taken at ﬁ.xed
Fig.l - Average Level of Signals
. . pomts (Fig.1l), and for those rather rare
— for Distant Propagation of DMW and '
N ' cases (Fig.2) when the receiver varied contin—l
CMW in Closed Circuits (according
i uously It is typical for distant tropospher—
“"to Bullington): -~ DMW; X — CMW
! ic propagation of ultrashort waves. there is no'
a) Level of signal in relation to ,
: apparent difference in this approximate law.
free space, db; b) Distance km i
For different frequencies, however, a differ-

" ence in the absolute values of the fields has been observed, notwithstanding the

,';spacing of points already mentioned before (Fig.3).

T

b em e o - - Another method of evaluating the ,

experimental data is the prediction

curve for propagation in well—m:.xed a.i.r,

as suggested by Norton, Rice, and Vogler.

The above-mentloned authors have

o analyzed data for 122 radio lines, oberr:
P13 p::...-: o O

Pe 0% SoP © o, 1

A 5,2 '.5.4;“" ating on waves from 4.5 m to 29 cm, at

B distances from 72 km to 1000 km; antenna

Fig.2 - Dependence of Signal Level on

— . height: lower, 2.4 - 37 m; upper, 121 -
Distance (according to Ames, Newman, and
. : . 2,00 m above surroundings; time of the
Rogers) A = 13.6 cm Reception in aircraft - ‘ .
: day 13 - 18P (more quiet and free of
_at altitude 3000 m above sea level. _._... - i '
; carrier waves) and have plotted an 'in-
. a) Level of signal,.db; b) Distance km.. .. . ... —sT AT
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‘-teresting curve for the dependence Bf“a‘.ft?éﬁihﬁion on distance (Fig.h). This curve

|

Icl:i.s‘t.am:e is characterized here also by the
i ! Rl st Sk I PO L I g o —
}m,amx ‘"langle 8, which simultaneously represents a

geocentric aﬁgle of the points on the rad-:

— " 'jo horizon for both corresponding points

b

i -
— (more correctly for their radio horizons)
x .

cd'd also an "angle of dispersion®, which
v 3 103 s P |

B e b) o constn.tutes an important parameter for all:
Fig.3 - Dependence of Average Signal i

dispersion theories (Fig.5a). The intro-

Level on Wavelength (according to 3
duction of this parameter is dictated by |
Bulling’ n): i : !
the theories of dispersion. !
tropospher.: propagation ! |

The possibility of such an unusual
ionospheric propagation

] .evaluation of the distance is based by the
___a) Level bf signal with reference to free:

| authors of the formula on complicated and
' space, db; b) Length of wave, meters | _

'not fully convincing arguments. The in-

__oped by the same authors and aimed at an evaluation of the local relief of the ter-

__rain., Ve will only refer to Fig.5b and to the general indication that, in their ex-

_:planations , the track is divided into four arcs of a circle lying in the plane of
40_1 '
__the great circle passing through the corresponding points. The radii of these four

"arcs are different and are selected by special method so that the arcs at their
44_J ,

__junction points do not form any break. As a result, this angle 8 is plotted on the
Lot

-—fabscissa or, what amounts to the same, the full distance less the length of both

50 ‘irradiated parts of the track, i.e., R - Rlpg Rng. On the ordinate a modifie@ !
Taverage attenuation is plotted (in decibels) which (for not very convincing reasons,

2since they are based on the diffraction theory) is divided by the distance. FurtherL

_ %o exclude the influence of the effective area of the.r.ecelnng antenna, the attenu-

STAT

|
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_ation is divided by the square of the frequency. One cannot deny, however, that

l
_‘'such a method is justified in that it permlts a _consolidation of extensive experi-
i

gt

|

s
1 1.

%

|

8 3%0-450cm
+ 260-3400m
o 125-280cm
x 715~ 75¢m
+ 290m

IS I,
R

+

=~

'\\

]

[~

80 G0 240 30 400 460 N0 &0 20 A0 SN W
‘ : b)

Fig.h Dependence of Modified Average Attenuatlon on the Distance, Correspond—

ing to the Angle 6 (accordlng to Norton, Rice, ard Vogler)
Daytime; Typical Atmospherlc Conditions

a) Modified attenuation, db; b) Distance corresponding to angle 0, km

- rmental data into an acceptable empirical clurve.
|
an | This curve was obtained during an attempt by the authors to create a unified

il
1

3 _:'t.heory suitable for all distances. Notwithstanding, considerable work and, at times

2r_great intelligence as well as, at times, arbitrary methods, the work (in our opinion]
. |
;,_éiid not progress beyond a very complex but purely mechanical agglomeration of ~ at

-
:;__present -~ heterogeneous component.s.
- .
ia For practical purposes, however, this curve gives not less information than the

¢ l

_dtheory indicated above, and gives it with a considerable szving of time and effort.

This curve is preferable over different other published curves and nomograms having

§

—_—

I
--the same purpose. ‘ o

-~

* *

*

A1l authors agree that a transition from the diffractional zone¥ into the zone i

!
1

. #* I.e., in the zone where the "class:.cal“ (based on the concept of an equivalent ,
earth's radius) diffraction theory is. true.n_.--_ !

STAT
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Which is of interest to us, namely that of distant propagation, proceeds S smoothlye l

n the height of the correspondi:ng points, this transition may be very

|

far away (at. great heights) or relatively near the |
__'tra'nsnitf.ér’. This s well illustrated by Trolez! em-:
periments ca.rr:Led out over a closed track of T4 km :
.(Fig 6). A practical criterion for the presence of a‘
"transzone“ can be based either on a distinct predom-!
inance of the fields over the “dn.ffractlonal" ‘zones
(at equivalent earth!s radius) or on an analysis of.

|
the cha.racter of fading.

i
i
t
i
1
i
i
i

Modern diffraction theories, developed to a high

|

i degree of mathemaulcal perfection and accuracy for the
l 1

case of a smooth spherical earth, are rather useless ‘

__Figes5 - For Determining the 1 i
(for criticism of the methods to account for refrac-

Angle 8 over Flat and ! '
tion, see lgter) for the case when the surface of the!

Hilly Terrain | ,
terrain relief is disregarded.

|
_—:’ A typical examp le for the necessity of taking the latter point into considera-

3a_1
__tiomn is the common case when an obstacle (not even very consplcuous) in the path of

361
,propagation leads to a considerable mcrease in the field values. An especially

oC.--’
__striking point is the "amplification by obsta.cles"* which,when the propagation goes|

a0

_over an approximately wedgeshaped mountaln, mountain rldge etc. is noticeable even
49_1 ! .

: __;beyond low hills. %

The papers by Kerby, Dougherty, and Maf‘Kee‘b gn.ve data on an excessive field,be-.

h:.nd an isolated wedgeshaped mountain (PJ.keS Peak) in the eastern slopes of the

}Rockie's. This excess reached a value of 20-30 db (wave Tange from 5 to 1.5 m).

-— Tests with longer meter waves ‘were made in Aaska. Bullington reports data on a

-.. % Obviously, there.are. also (and even more frequently than amp]iﬁ.cation) attenua- i

©°_ tions-by.obstacles

§TAﬂ

T TN (I e e T ~
ey v T oo e AT IR AT T s ety e ST L
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“eimilar increase of the field by fuﬁ&i:éaﬁs_'b—f—‘d'é‘é—:fﬁ‘ei’é‘;“ﬁﬁus the Weriterion of dif-
2! | :
fraction" has to be taken with caution also from this point of view. One fact is

h
Vool
—_—

- ‘ [

T — . evident: l1*.n:,r attempt to explain ultradlstant fields !
, "‘S}“tﬁ’:‘.&"éif'f?ai:{"i's' “entirely unfounded.

|

It is not easy to sort the zones by analyzing

o | H
[ the character of fading. It is generally accepted

] - {
-7; | to divide fadings of ultrashort waves into "slow"
=] I

/ . and "rapid". Slow fadings are ascribed to factors
— | }

changing ismoothly and determining an average gradi-

A A | ;
e - ) * ent of dielectric penetrance of the air. The vari-

1 .

'

77 €0 0 - 40 ations of such fadings last for several tens of min-
c ' o !
- - ) - - | utes, usually even for hours. They obey in a satis-
' Fig.b - Dependence of the av- :

factory manner the normal laws of distribution in
erage Signal Level on the ;
the sense of the theory of probability. Diurnal and
" Height of the Receiving An- |

seasonal variations can be ascribed to the category
__'tenna (according to Trolez) i
| of such fadings.
' Wave 3.2 cm; Closed track Tk .
_ Rapid fadings, as a rule, have a periodic char-
_km long. Height of Transmit- .
acter measured in fractions of a minute, sometimes

ting antenna 59 m. .

! less. They are ascribed to mutual interference

... a) Height of receiving anten- . '

_ among individual elementary oscillations reaching

‘na, m; b) Diffraction zone; | .

o the receiver due to secondary radiation (diffusionm,

" _ ¢) Level of signal in relation : -
: : reflection) of the transmitter field caused by rap-

to free space, db :
id and chaotic fluctuations in the atmosphere. Dif=-

t .
ferent from fluctuation of a laminar type, these fluctuations are thought to be of
globular structure. ) ;

A chaotic character of these fluctuations influences 1nd1v1dua1 oscnllations »

; i
re-radiated because of these fluctuat:ons , and gives them phases whose value , with |
_

D-—_ﬂ e o e tem evn o = £ e i
- equal probability, may vary anvwhere from O to 2x . As a result the vector sum of|
o {

" STAT
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hese osci]_'].atlons (i.e., momentary values of the field) must follow a spec:.al dis—

2

tr:.bution, which has been studied some t:.me ago by Rayleigh and later by V.I.Siforov

™

~"and A.N.Shchukin. This dlstrlbu’cion, in a some'what broadened form, forms a basis for

6 ‘. S N

- f 7z / 777 , ' the “analysis of the character of distant
| |

y L. l flelds. The studies make nde use of dia-j
T W [
\\ grams which directly indlcate (for e.xample)

JRENUPRL NP - S,

during what percentage of time the momen-

i
tary values of the field - in relation to

the average over a sufficiently long peri-
t c.

od of time - will exceed certain values,

In addition, a special functional network
I .

Fig.7 - Samples of Aircraft Records of

is often used, for which the Rayleigh dis-

- tribution can be expressed by a straight
Signal Level (According to Ames, New-
llne, at a 45° angle to the coordinate
man and Rogers) ‘
. axes,
Wave 13.6 cm; one vertical section is |
) Figure 7 shows three rather frequent
equal to 3 db. Upper record: inter- :
types (not always distincly expressed) of
ferential zone (depressions correspond
recordings for the three zones: interfer-
to intervals between lobes of the )
ential (direct dependence), "classical®
transmitting antenna); center record: . ‘ . o
diffractional, and distant, as taken above
zone of "classical® diffraction. Low- |
the ocean by Ames, Newman, and Rogers.
er record: zone of distant propagation
. The rapid oscillations are so weak that
through the troposphere.
they do not even conceal the field decreas
a) Signal level; b) Distance
ing on account of distance (the records

Conversely, rapid oscilla~ -
However ) the experiment shows that the

- ‘transition from one case to the other is smooth. Thus ,' in the general case, the

fn.eld represents a mixture or a superpos:.tlon of both types of fields.

'

. w
I O
] R .
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0

i A study of the character of fadings is important for calculating the Teliabil- |
| .

_ n.ty of the given radio line. The same problem includes the possibility of consider-

o)

— i

: x |

1 able stab:llzatlon by using two or even three spaced |

1

l antennas. This Tesults in a Stronger signal when the ‘
i

!

z
+
I

; A !
b) ] [\\ transmitter is aimed at a certain portion of the at-

t
mosphere and the transmitting and receiving antennas

/f
g !

. are faced in slightly different directions. Certain
| I

f\ phenomena relat:we to a broadening of the dlrect:.onaln

t
l

|

d) h characterlstlc can be explamed by re-radlat:.on in a-

40 , R I l |
6 12 08 04 0 04 08 1.2 1.6
e).

suff:.clently large air space (see Fig.8). There is

' also a decrease (reaching, for both antennas, a total
1
of 10 or more decibels) in antenna amplification due
Power, with the Antennas ! )
to lack of a cophased front in the antenna aperture.
Rotated in the Horizontal
. Therefore, the number of papers dedicated - in
Plane (According to Chis- :
whole or in par:t - to the theory of fadings and their
holm, Portman, de Betten- .
effects, is very large. For instance, spaced recep-
court, and Roch) '
) tion is treated by Steres, Jerks, and Mek¥; broaden-
' Wave 8.1 cm; Track 300 km o .
ing of antenna characteristics is discussed by Chis-
long. Zero on the scale ! .
holm, Portman, de Bettencourt, and Roch; the general
of turns corresponds to an- i
theory of fadings is treated in papers by Rice and
tennas facing each othexr. ' J
G.S.Hurlick. In general, these effects coincide well
:2_' a) Power received, db; .
j with the theory of dispersion.
b) Both antennas rotate; ;
_ ) There exists also a mathematical solution (Nor-
¢) Receiving antenna rotates; ;
— ton, Vogler, Mansfield, Short) for the change in the
: d) Measured radiation pat- ‘

distribution diagram, if the "purely Rayleigh-type"
tern; e) Angle of turn, ;

signal is supplemented by another signal (for in-
degrees

stance, to make it simple, with constant amplitude). |

—— .-

% Translator's note: Spelling of same of the Western authors unconf:.med._
o . . : STAT
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: - .o g———— . &
" However, an analysis shows that the quality of the present experiment 1s still in-
|
9 -

litude
sufflcienb to differentiate, for instance,’ complete absence of a constant ampl-

' [l
—(i e., fields of slow fadings) from the average equality of two signals: of the

| uperimposes ting together.
- “tpe, superimposed and actlng vOg N
. Rayleigh—type and of the constant- amplitud‘e ype, Sup

)6 o
'Therefov-e , Norton, Vogler, Mansfield, and Short arrive at a rather pessimistic co
r de-
lusion, that na full evaluation of the expermental data must wait for furthe
£ mutu-
velopment of the propagation theories, Wthh could explain the distribution o |

}
Y- ally dependent phases and of amphtudes of dispersed fields".

Thus we cannot, as yet, give an answer to the gquestion: whether or not the
‘given .t"' eld is "totally dispersed®.

(To be contimued)

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0



Declassified i - iti
ied in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130
: - 004-0

CERTAIN CHARACTERISTICS O OF RADIO 'EMISSION FROM COSMIC OBJECTS .

by

AoDoK\l‘Z'm
i

A brief review of the characteristics of radio noise from cosmic bodies,
i

of interest to radiotechnical use, is given.

Introductien
Many cosmic bodies (Sun, Moon, Galaxy and certain extragalactic conglomerates)

__are sources of radiation in the range of radio waves, Only a part of this radiation
___‘reaches the earth, i.e., frequencies w1th:.n the "transmission band" of the earth's

__atmosphere. This "transmission band" extends from waves around 1 cm to waves near
__315-30 m. The 1imit of the ntransmission band" for short waves can be explained by
_—'molecular absorption in the atmosphere. Radlatlon_, exceeding a wa.velength.cf

T15-30 m, is reflected from the jonosphere.

Radio noise from the cosmic bodies is of great interest for radiotechnique.

:'_The coordinates of cosmic bodies, represent:.ng sources of radio radiation, are ac-

3¢__curately known. These sources are located at very great distances from the receiv:.m

PR

equipment and are therefore always within ihe wave zone of this equipment. Further,

3.—€

:¢__the intensity of radio noise from a serles of cosmic objects (for instance, moon,

__J
o extragalactic bodies, galactic stars) is constant with a prac‘bica]ly sufficient ac-

- !

~. curacy and its value is known. ,

‘ The above-mentioned features permit the use of cosmlc sources of radio radia-
1
“tion for a number of radiotechnical measurements (Bibl.1l ,15) such as measuring the
_‘.directive gain and the efficiency of antennas , recording their radiation patterns

‘and their adjustment. Sources whose radio radiation is constant in time can be
. ‘utilized for control. of sensitivity of radio receivers.

t

_.._In certain cases ,.cosmic sources of radio noise may interfere with radio recep—
STAT
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! _2, Parameters of Radio Radiation from Cosmic Bodies

o i
€ One of the basic characteristics of radio radiation by cosmic bodies, which de-
- é ' .
¢.. termines its usefulness for radio-technical purposes, is its intensity. For a quan- |
--1 ! - H
v ‘titative characteristic of radio radiation the following parameters are normally

13-:used= : : ' ]
. t R

1. Radio Radiation Flux. The radio radi:ation flux p characterizes the total ener-

: —:gy radiated by the body in a single frequency band, during unit time through unit t
H ! .
. __surface in a direction normal to this surface.

[l
]
'

Brightness. The brightness 1 characterizes the distribution of radio noise in-

‘.,j‘c.ensity over the body. It is determined by the relation
1
- = : : .
i Ap
) I =lim <, i
) JY ) AQ !

e e — I B
i

(2)

Practically speaking, the integration should be made only within the limits of

**__the solid angle of the source since, without these limits s the integral is equal to
! i .

P |
£%._zZero. i
_ ! .
40 Temperature. The spectral density of radio radiation by cosmic bcdies depends

;J _ ;
" . on the wavelength. However, within the limits of the transmission band of the re-

ceiving set the temperature can be considered as constant. This permits application.
i

'of the theory of heat radiation and characterization of the radiationmintensity_,by_i

STAT
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The radio radiation brightness is usulaliy expressed by the brightness tempsra-
*ure. The brightness temperature T is determined as the temperature of a black body |
4_ which, at a given frequency in a given dir!ection, has the same brightness.as the '
6:‘source under study. ) ; "‘ ‘

g ! |
_ In the radio-frequency band, the radiation of a black body is determined by the !

10— i
— Rayleigh~Jeans formula, according to wh:Lch the brightness I is related to the bright-

12 |

_ness temperature T by following ratio

[ I iﬂf'—“‘ﬁﬁ.*-_f-—_“
l = T' : (3)

e . e el —— e e

{

_where k = 1.38 x 10723 Joule degrees is the Boltzman constant; A is the wavelength

—_of observed radiation. l
l

The brightness temperature T, in the general case, just as the brightness I,

i
!
i
{

_and characterizes the distribution of rada.ation over the source,
|

The radio radiation flux is usually expressed by the effective temperature Te'

The effective temperature of radio radlation by the source is detennined as the

\I—'

35__temperature of a black body having angular dimensions cf the source and emitting at

!
32—a given frequency the same flux of energy, as the described source. According to

|

42 ' - -
xT,Q
» | : p= .—‘A_t—" ; (h)
_ T o

‘._where Qo is the solid angle of the source. A comparison of eqs. (2), (3), and (4) -

40_definition, we have

<{. readily permits establlshlng a connection between the effective and the brlghtness .

|

l
i
1

56— temperatures

59
T(y,9)dQ.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0

-.3. Determination of Power at the Input of & Radid Receéiver, Caused by Cosmic

___Radio Radiation l

|
The power received by an antenna in the interval df between frequencies within

]
:_‘b}xe solid angle df) " and emitted to the balanced anténna load is equal to
{

dP_--— !Adfd =9 "”*- ) Adfde,

| -

l
. The factor % is due to the fact that an antenna receives the energy correspond-
1€ i
ing to only one polarization¥¥, i
'
The effective area of a receiving antenna A depends on its type, size, and dir-

“ection of reception. The area is correlated with the factor of directional action G

l
((p 8) of the antenna by the following relation:

. A(v.e)==—0(f,e) ' )

l
The total power P (in the frequency band df) , emitted by the antenna under co-

=
_
30_

ordinated load, is equal to

4‘.‘ s c (8)

———— e 1

To compare the power of cosmic radio radiation arriving at the inpﬁt‘bf the re-

iL p— X j T(%,8)G(2,8)a™.

4p_ceiver with the power of its inherent noise » it is convenient to use the concept of

2c qulvalent temperature of the source T 2’ as delivered to the antenna., In radioas-
. .
41 |
- ¥ In deriving eq.(6), losses in the antenna were not taken into consideration. In
454

tne band of radloastronomlc observatlons s such an omission is permlss:.ble.

e Tt should be mentioned that th:.s property is not due to the type of antenna used,

50
- but to the mechanics of antenna recept.lon. Therefore, the use of a nonpolarlzed

recelvmg antenna for reception of a nonpolarlzed s:.gnal does not yleld a greater

- power than with a polarized antenna s recelvnng only a signal of one polarlzation.

I | o R STAT
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___ The equivalent temperature of the source delivered to the antenna is a resis-— '

. ! '
~ tance temperature equal to the output resistance of the antenna; when coupled to the;
i . _ L
input of the receiver instead of the antenna, this yields at the Joad of the receiv-

i i

er the same volume of noise as the source under observation. On the basis of this

determ:l.natlon and on the determination of the noise factor F of the receiving de- '
- !
vice , it is not difficuit to show that the power ra.t:Lo of the cosmic signal to the '

i

mheren‘b noise of the receiver is equal to

t

H

! |
! i
!

!

! : ! .
‘where To = 290°K is the standard temperatilre of the surroundings. The noise power

i
T emitted from a coordinated load by a resistance at the temperature 'l‘ is known to be'

[V
o

! B P, =xT df T (10)

. ———— e s T H
i

USSP Y - ——— - . - — =

2

.
o
.

i
A comparison of egs.(8) and (10) will yield the following relation for the

1
equivalent temperature of the source, as delivered at the antenna:

T,= = | 7(+0)6(.0)d2.
) |

e e P

Considering that 56(9, 0)dR=4r, ‘the latter expression can be reduced to
e .

[2Y]
(s>

[

(1)

(28
N

w
(22
|

T

kS
[ap )

LT

the following form [

 [T(r9)G@8)de
__(4r~)

o
S

[Gz.0)da
“%

The formulas obtained permit calculatlng the equivalent temperature of the

" source delivered at the antemna, if the I:adiation pattern of the antenna G(o, 8) -

and the distribution of the brightness temperature T(p, 8) of the emitting body are

known. . —

See e For a fur‘bher analysis, let us mtroduce the concept of the effective solid
i STAT

i

s
e ¢ mersrs aones ot emarsts v} et
. 3
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;;angle for the radiation pattern of the antenm

=) :

_ d _T_ .
where F(p, 8) = %’f_

8—'-' . u ‘. !

16— Let us review two particular cases of considerable practical interest, where the
- ;

“recorded ratios can be greatly simplified.!

| !

- ] .

1. Case of reception from emitting areas whose brightness temperature changes

i ’
_ negligibly within the limits of the radiation pattern of the antenna. Then, in

N -:eq. (12) the term T can be removed from under the integration sign, which gives
!

T, -ir. ‘ (14)

Thus, the equivalent temperature of the source as delivered at the antenna is

Tha.s happens usually when rece:w:mg the radio radiation of galactic background by

__narrow-beam directional antennas. :
36 '

! 2, Case of radio reception from sources whose angular sizes are small in com-
321 '
__parison with the width of the radiation pattern of the antenna (Q « Q ). Here, it
341

_can be expected that, within the limits of the solid angle, G(¢, 8) = G . = const.

36
—’ Then eq.(12) is reduced to the form

4
| - -

A @)
| .

e

The equivalent temperature of the source as delivered at the antenna can be
l

__also expressed in this case as a flux of radio radiation. Substituting into eq.(15)

l

the expressions (4) and (5) and making smple tra.nsformatlons, we obtain
. - _P*_zk - (16)

Equation (16) is more convenient for practical purposes. It differs from

i
- eq.(15) where, in order to determine T,, two parameters of the source must be known i
5%t e .

- (effectlve temperature of the source “T- and a angular dimensions {1 ) Here it is
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‘su.fflclent to know only one parameter of the source (the radlo-radlatlon flux Pl.

ThlS _fact is particularly important when calculating T, of discrete sources, whose

angular dimensions have not yet been accurately determined.
t I

ke Basic Intensity Characteristics of Radio Radiation from Cosmic Objects

a) Solar Radio Emission (Bibl.2-6). Differentiation must be made between the

- { :

> ._radio radiation of a so-called "quiescent" sun, observed during periods when the so-!
; .

t

- . i
. lar surface has no spots or other active formations that would create disturbances
i ; . ;
—in the solar atmosphere, and the radio radiation of the so-called "disturbed” sun . !
I . . i . i

1

]

:_when such formations are present, * |

sn

The intensity of radio radiation from; a quiescent sun is fairly constant from

_
“j, ‘ ‘ |
2. _day to day in the meter and millimeter bands and is the same for years of maximum and

7 . :

..minimum solar activity., In the band of centimeter and especially decimeter waves,
- : ‘ ;
__lthe intensity of radio radiation from a "quiet" varies according to the cycle of so-|
— .

lar activity (11 years) and increases in the years of maximum solar activity. Aver-

2 jage data on the intensity of solar radio radiation in the & mm to 10 m band are giv-

‘
3

-

— !

2c_en in Table 1.

11

10‘21
Mzcycles

For convenience, the intensity is expressed both by the flux p in units of

f .
and by the effective temperature of solar radio radiation Te, reduced

-.to the visible solid angle of the sun 0, =6.8 x 1077 sterad = 0.22 square degrees,

40_]

The figures in the numerator corresponds to the years of maximum, whiie those in the
i

421 . :

__denominator denote the years of minimum of solar activity,

4y ! ! :

T The radio noise of a "disturbed" sun are characterized by a general ‘increase in

R ra.dlatlon intensity and by its cons:.derable fluctuat:.ons. This mcrease depends on

the wavelength and constitutes, on the average » @ few percent in the millimeter wave‘

band (MMW), a few tens of ‘percent .in the centimeter wave band (CMW) and 1 5-3 times

5$—~ :
more in the decimeter wave band (DMW) » but tens a.nd hundreds of times in the meter :

) . ir;i;ewgéﬁd——('ifh}l') " The duration of the dlsturbance is from a few minutes in the m‘“’} ‘
t
X — STAT .
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Besides the above-mentioned increase‘iiz_x intensity, occasional (a few times a

|
_ year) especially powerful radio radiation bursts occur during which the intensity in<

|

x
Table 1

|
i
1

p. 103 ———
m? cycm

0,3

0,035 N ST

1

— |
e ——— - e s - - ¥

--.creases by 20-30% in the MMW band; by tens of times in ‘bhe GMW band, by hundreds of

The duration of such bursts is from a few minutes to an hour.

The proportion of periods during whlqh solar radio noise has a "quiet" or "dis-|-

In the years of maximum solar activity, up to 30-50% of the time, the solar radio-

radiation has a "disturbed® “character. In the years of minimum solar activity, the

22
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N
10% _The last minimum of solar activity 1 was An 1953. In the next few years an in-
4

: crease in solar activity, with a' maximum in 1958 will be observed.,

€t |
" b) Galactic Radio Radiation. In 1932, s in studying atmospheric radio distur ’-'"‘

g...
ances (Bibl.7) a source of radio radiation was discovered which periodically changed

) i

. .. its location during 24 hours. Further studies showed that the source of observed

12 .
_radio radiation is the general galactic background (Milky Way). ‘

i

The intensity of galactic radio radiation depends on the coordinates and on thej:

__-ivavelength. The greatest amount of radio radiation comes from the galactic center

< ’ :
__(mght ascension o = 17B 50®, inclination 6 = -28°) which is in the direction of the
l

Saglttarlus constellation; the minimum comes from the galactic poles.
|

i
i

, .
Tab_le 2

160 I 200 I 480 1200

1370 l 447 ' 107 l 17

In Table 2, taken from a literature review (Bibl.8-9) values for intensity of

] . .
—radio radiation from the galactic center are given, expressed in units of brightness

3 E,Z:temperature.

40__£ The distributiqn of radio brightness over the galaxy also depends on the wave-

! B
! fj:length. In the centimeter and decimeter wave bands, a pronounced concentration of
: jradio radiation occurs at the galactic eqﬁator » with a direction toward the galactié
- - center. For instance, for a wave of A ='25 cm the zone at whose border the intensi-
-7 ) . .

—

ty of radio radiation decreases to half (as compared with the intensity of radio

radiatlon toward the galactic center) extends to 10° in the d:rectlon of the galac- :

tlc plane (along the Milky Way) and about 4° in the direction perpendlcular to this :

plane. - With an increase in wavelength, the maximum of galactic_radio. radiation

broadens. Thus, .for. the wave A = 60 cm the area. of the mentloned zone is .’mcludec‘s_l_ AT

1

-23_

‘

TR T AW IS R SN AR T ey,
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between about 40° along the galactic plane a.nd about 8° in a direction perpendicular

to this plane. : |

2

i .
For waves of the meter band, the maximum of radio radiation spreads even more,

i For instance, for the 3-meter wave the zone “at whose borders the intensity of radio ~

-
radlatlon drops to half, has an area of about 80° x 20°, For this wave, the radio

‘jbrightness in the direction of the galactic poles is 10-12 times less than toward

i
_.their center. For longer waves, this differe'r-‘ decreases still more. Thus, for the’
{

16.4 m wave (Bibl.9) radio brightness in the direction of the galactic poles is onlyf
_

_L4~5 times lower than in the direction of the center.

¢) Radio Radiation from Discrete Sources. In 1946 (Bibl.1l0), when studying the

I

l
._ sma.]l angular size. Later, research on other areas of the sky discovered a great

-t —

uantity of radio radiation sources of similar type. These sources were called .
N

! 1

__"radio stars". i

|
s
Further studies have shown, however, that the concept of "radio stars® as a

speclal type of cosmic bodies cannot be identified with any optical bodies of a size

_emnlar to those of normal stars. The extraordinarily powerful radiation on radio
36_1 i

_.frequencies leads to a series of conclusions which are unacceptable from the physical]
3 .
—point of view,

40__!

42_1
_of a series of "radio stars" are of the order of a few angular minutes, Moreover,

Measurements taken during recent years have shown that the angulai‘ magnitudes

_.a cons:.derable part of discrete sources of radio radiation could be identified with

—optically observed nebulae. Therefore, at present the expr_eesion fradio star" is

—~that of a "radio nebula¥. f

At present a large number (about 2000) of discrete sources of radio radiation

_.is known. The radiation flux from these sources depends on the frequency, usua:l_ly

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0

0 ———

. increasing with an increase 4in wavelength.~

.-.I-n-,'l'able 3 gives the coordinates and t’!‘? intensity of radio radiation of the _

|
Tab:le 3

b)

)
d) | ¢) iS,?m

Cassiopeia ' |o23% 21m |4.58:20’| 5,9
Cygnus A 19% 57m |4 40°35/ | —
Taurus 05k 31m |4 227 04"
Virgo 127 287 |4 12°44°
Centaurus A | 13% 20m |42’ 46
Orion M-42 5% 33m | _5°37°

Nebul&”
Omega M-17 18t 17m | — 16
Nebula M-20 '|17% s59m | — 923°

a) Source; b) Coordinates; c) Radio radiation flux x 1024 w/m? cycles on

waves of; d) Direct ascension; e) Inclination

|

i

The radiation flux is expressed in units 10-24 -2—L— +« The coordinates of
m~cycles

—the sources are given in an equator:.al system of coordinates. Conversion of the

— equatorlal system of coordinates into a horizontal system is shown in another paper !

_(BibL.16). |
40__ 'e
_ Besides discrete sources of small angular magnitude (in the range of a few an-

s2_! ,
gular minutes) there are also comparatively spread discrete sources of radio'radiatioin

de

with angular magnitudes in the range of a few degrees. Data covering two more intenl-
sive sources of the above type are found in Table 4., The intensity of radio radia~
tlon is expressed in units of effective temperature of. the source 'r

As :mdlcated in these Tables, the constellation of Cygnus contains two nej..ghbor;-

iing sources of radio noise. Considerable difficulties in separating them and a pos-

. sible error in detemm.ng the “antenna parameters “makes the use of these two sources'
STAT
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. undesn.rable “for radlotechnical purposes. |
d) Radio Radiation of the Moon and Planets. Radio radiation from the moon has '

_ a thermal character. In the wave band A = 3 cm, the effective moon temperature,
X

. characterizmg the intensity of its radiation, 'is equal on the average to T % 200~ K

i

i
'

Table L

c)

. ‘
q) 20% 20 0 |
[ 5° 50°

h) 178 43m D) )
| Izo’ 70° |300° | —

it e e @ e ¢ e e e b s et = s e o

a) Sources; b) Coordinates of center; c) Direct ascension; d) Inclination;

e) Spread; f) Effective temperature To°K for waves of; g) Cygnus-X; h) Sag-

_ ittarius; i) 10° x 2° spread along galactic equator; j) 12° x 2° spread along gal-

1

actic equator.

and apparently depends only ms:.gnlflcantly on the phase of the moon. The radio
radlation flux from planets is very small because of their small angular dimensions.:

o The author expresses his gratitude to N.A.Logova and U.V.Khangil!din, who part-
4 | ‘
Z"__'icipated in composing the review on the sun. ‘
i

i
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CALCULATION OF COMPLEX RESONATORS

-

Y

!
A.I.Zhivotovskiy

Active Member of the Society

The article reviews complex resonators, composed of several sections of
homogeneous concentrical lines with different wave resistances. Deductions of |

expressions for the technical calculafion of such resonators are made.,’

|
$

’ __f. Introduction i

In the technique of decimeter waves resona‘bors having the shape of concentric

lmes are frequently used as oscillatory c1rcu1ts. If the length of such lines does.

not exceed one quarter wavelength, -they usually permit the transfer of a very broad

frequency band and permit operation with a high efficiency factor.
If the working frequency is raised, the line is made longer using resonance on

_;Longn.tudmal overtones. This leads, however, to a decrease in the active input re- !

" sistance of the unloaded resonator, to a lower efficiency, and to a narrowing of the

" transmitted frequency band.

l
- These deficiencies can be elmlnated or lessened elther by using complex lines ,'
l

in which transformed resistances, both distributed along the c:u'cu.lt or concentrated,

are used. These include important contact resistances whose value frequently exceeds

—:bhe total of all other resistances. ' ,

Such transformation of resi8tances 1s usually much more effective if the resis-

tance is greater in the vicinity of current antinodes (for instance, contact resis-

i
i
|
C
i
'
‘0
i

_-tances) in the total balance of circuit resistances,

Before reviewing complex circuits, let us dlscuss the simple circuits.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0

2. Simple (Uniform) Circuits

_When a capacitance is connected into the beginning of a uniform circuit (Fig. 1) ’

" its geometric length at resonance is determined by the expression .

S ?-L...l+(n- 1)- T N

._ where 1 is the geometric length from the beginning of the circuit to the first volt-

age nodes; ;

n is a whole positive number; ‘
A\ is the wavelength, corresponding to the resonance frequencye.

The value n can be odd or even. Wrbh an even value of n, the end of the c:.rcult

'must be loaded with a very considerable
%—“1

=
]

resistance, while with an odd n the load

must have a very small resistance, for in-

stance, it can be shorted; such circuits

are frequently used as oscillatory circuits.

o
[ &

—i—

PN PGPS P PR [USYRRY F SN

In the present work only circuits with an ‘
;>dd n are considered.

It is known (Bibl.l-4) that a line shorted at the end with distributed parame- E
j;bers and having a capacitance at the beginning, can be exchanged for an equivalent

one with concentrated parameters - if the frequencies are near resonance - and hav- |

i J_ng the same resonance frequency, quality factor, and active input res:.stance.

Transforming known formulas, the parameters of such a circuit can be expressed ,

"in the following manner:

2w?® sin® ©
M RCII= “,’2 *
R {1+ )+Rx(n—1)—+2r

R O — —_—

2z w>
8xr
20 4 sin 20 + (n ~D=

Qxx =

R+
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O e e e e e e+ et e
i

e e o I BT

sin 28

_ 1 -;-NL 4w sin? @ I — e,
Pe="00, €= 20 +5in20 +(n—Dx " | (5)

i

Here R,,, and Q. are the active input resistance and the quality- factor of an
unloaded circuit; C, and p, are the capacitance and characteristic of the equivalent:
' [ ]

" circuit; !

Ry is the resistance of unit length of the circuit;

r is the resistance at the current antinode together with other added resis-

tances (except Ry); !

8= o Ai is the electric length of the circuit: section 1.
At n > 1, a uniform line can be exchanged not only for an equivalent circuit,

but for a system n of connected circuits, as shown in Fig.l for n = 5,
A1l other resistances, besides Ry, can be attributed to any circuit. For a

— i
'

more definite and easy calculation, a part of other resistances (for instance, con- !

{

tact resistances between circuit and capacitances, etc.) can be attributed to the

" . first current antinode and called ry, while the other resistances (for instance, thex

__.1 '

" res:.stance between the circuit contacts and the shorting device, etc.) can be attri-
" buted to the last current antinode and called r, B i

Then the circuits will have as pa.rametera

2w? sin? 6

R;l(l +sm20)+2ﬁ

Ry =

A11 other equivalent resistances, except the last one, are identical

R\

—— e e ————————— e

Rll &’-."_Rﬂ—l—

The equivalent resistance of ’che last c:.rcurb is determned by the

»
=

o - ...> - ratin.
_|,
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O s e e e
. expression

(8)

In accordance ° w1th the above » the qua.li’cy factor of these circu.xts will be

. equal to

8x n
Rid+ 26 + sin 20

~"t‘.o the quality factor of the other circuits except the last one

T T e T T xw -
QA‘I-QJ'— = an1 T 1 RyA * : 0

'

;

2xw
Qen Rid+8r, °

The characteristics of the circuits are determined by the expressions

—_————— 1 — P,

: C pa = 4w sin* © " ’ (12)
20 4 sin 20 -

° 4
Pea = Pes ™ oo TEPgy =

The voltage in the first circuit will be

T Ui=Up, sinB8=Tywsin8

The voltages in the other circuits are equal to U l’ where Ipl and Upl!

spectlvely, are the current and the voltage in the antinode.

. 3. Complex Lines
- Here lines will be reviewed whose feature consists in following: to the first

uniform section of length | are added uniform sections of a length equal to :— having

d:.fferent characteristic impedances. The influence of dlscontmurby is disregarded '

since, in many cases, it has no practlcal 51gn1f1ca.nce.

) 8
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T Such a complex line with resonance can also be visualized as a system of connec-

" ted circuits, as shown in Fig.2.

The voltages of the circuits are determined acc.ording to the formulas

- U 1 , u’; Sl t_l—e-' 3 E (M)

U I w,. a (25)

b e e e e e e ————————— e B U S

U‘} = P,ﬂ", (16)

’ Ua—l o =1 pu—z)"’-—t' o ’ ‘ (7)

— J—

!

Here Ip indicates the current in the antinode of the corresponding circuit. The

equivalent resistances of the circuits are, respectively, equal to

o )
20} in® 0 8] sin® 6 ‘
Ry = .

260 20
Rnl (l_*_sm%})_*_?,1 1[( + sin )Rn+
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“The characteristics of the ‘circuits will be

n

_ 4wy 3?0

(25)

(26)

- e _ |

Taking into account the above relations, the system of these connected circuits:
" can be replaced by one equivalent circuit, with the parameters:

i
8w} sin® @
'V I

Rlxx -

2 B
Qxx‘T'__'

A

T oA L cin 98 e s ' 2
A“‘?f'if:—nERu'*‘g%‘*‘Ru'*‘(‘z‘) Rn’?‘(%:‘) R+
w,w, 8 Wally- - -Wy_y )’r;'
( wzw: Ru + ( Wyg « -

B— 26+iin29 w,-{-w,-{-(%"—)'w.-{-(% w.-{i

o .
o s )'w.+...+(_—__m-- )’w..

i
!

Wyty - - - Wy

It is convenient to use egs.(27), (28), (29) for calculatlng such complex reso-
) _nators. The Table lists the calculatlon data obta:Lned from these formulas for uni- :
:—mform circuits with n = 1 (Nos.l, 8, and 15), for uniform clrcu:x.ts w1th n = 3 (Nos.2, 5
e 9, and .16); and for complex circuits with n = 3 (all other numbers) i‘
For these calculations, the following values are accepted. cin = 5 puf, ’

of the ms:.de conductor of every llne is constant and equal to 20 mm,

T

- gl
A =20 cm, r, = 0,02 ohm. The concentric circuits are of copper, and the diameter x
i

t

t
STAT;Q

.

5
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2 L iy pe . Teimemioy A SeTHLI e TN ST,

1

Tai:io

Wy Rc.rx
ohm

5640
3 650
9700
10300
3980
6469
4100

18 200 882
12300 3450
21 500 5180
12700 5020
720 36 -
36500 3100 5.9
39700 3270 6,05

10
31
12
13
14

15
16
17
18

20 000 957 " 10,45
13700 ¢ 5170 1,32
13 200 3530 1,87
23700 5450 2,16
19 46 000 3690 6,25
20 41 800 3440 6,08

S N ‘ |

2288888 83888888

The band of transmitted frequencies Af is determined at the level of half-

AL
tad

l

power for a loaded resonator, whose equiv-;'.

alent resistance R for all reviewed

en’

cases, is equal to 3000 ohms,

i
b
1
i
!

4

As it appears from the Table, the ac-—

i i
t tive resistance at the input of an unload-
! ' v . . ;
R} © : &‘l:l P“ﬁ} ! 'ed complex resonator R forn= 3 can f:ei
ﬁ T'T l exx
]

|

of the resistance rp. (c;;ﬁé;e No.l with Nos.3 and 'h; No.8 with NBs.lO,13 ,].14.;- etc,):

=V
———
<
-..__:i -4

greater than in a uniform resonator - even
2 ' , ) :
8 at n= 1 - which is due to ‘tra.nsf,ormati.on :

. STAT

!
:
)
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_._______.A__“_________"—-——_""'—‘:—'_—-““-—" B

- 3 {s smaller, than in a
" The frequency band Af of the complex resonators with n 3 is smaller,

-

s with
- a uniform resonator with n = 3. (Compare Nos.3 and 4 with No.2, Nos.13 and 1k

¢ No.9, Nos 1 and 20 with No.16, etc.) ?

| umber of
These examples show the advisibility of using complex circuits in a n

__cases.

i

o .
1,,...’
-

Art:.cle received by the Editors 26 July 1956
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CALCULATION OF ABSORPTION LINE

N Y

V.S .Hei_nokov

Active Member of the Society

This erticle presents an analysis of the absorption line deaigmq.

in such a way, that energy absorption per unit length is constant all along the

line. . !

i

1
1
H

Homogenous lines used at present for power absorption are calculated for con-
"~ stant wave attenuation along the line., The power dissipated along each unit length ,

" of the circuit differs. At the beginning of the circuit, the dissipated power is

-t

high and decreases considerably at the end of the circuit. Consequently, the line

e inefficiently utilized for the dissipation of energy.

v It would be desirable to design an absorptlon line with an even power dissipa-~ .

tion along its length.

When denoting by P (x) the power passing through the point at a distance x from

" the end of the circuit, the condition of contimously dissipated energy will be

.. written as - . i : :

40_? ' “: (’)-tconst. _ . _ L -

— . - e e e v Y ey e e e e — —

Assuming that the total power put inf.o the circuit is equal to P and the léngth

of the circuit is 1, we obtain, in accordance with eq.(1),

i
1

6 T | ; .
50 dx ‘ (2)
: P(x)=P (1 - —) o
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~The basic¢ equations of a long circuit have the form
aU o z(x)!

T | =YWy

E__%

i
|
§

Solving these equations in accordance with our problem, it is advisable to in-
10—
~ troduce a new function p (x) which is the input resistance of a circuit whose length

10
is (1 - x), at a point x distant from the end. Then eq.(3) can be written as¥: ‘

e = = e e e ——— = m e =y

—d—+y(x,p(x)’== : _ (%)

A solution for eq. (4) can be sought ..n the form of:

- e R el
—-§ —’-(? dxz

U = U.e o

!
1
i
i

x
—{ y(x) pim)d=
’-l.e

|
|
a

where Yo and I, are arbitrary mtegratlons.

According to the general theory of alternating current, we ‘have

o ¢ e e == ———— e e e i ¢ e e}

s‘ | P (x) =Re(UI"), , i (6)

[ E— e e
2
where I¥ is a current value at the point x, conjugate with I.

According to the conditions of the problem, the input resistance at the begin—‘;

—“m’ng of the circuit must be purely active at any frequency. Hence, to obtain a cirj
" cuit with uniform structure along the eﬁtire line, it is sensible.‘to request that
" p(x) should be a purely active value. .
In the design in question, it is desirable that the conductance y (x) be pu.rely

reactive.  Then,

———
+;y(t)r(xlh
I.-,.e‘

% Here the author uses 2 method borrowed from the work of V.A.Il'in.

31
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" Substituting U and I* into eq.(6) and taking into account the active charactsr -
—._“or p(x), we obtain

]
.

LLC P(x){y(x)p(x) @l

- e e e e et e

!

" but, since P(x) and %(:ﬁ have been determined earlier [eq.(2)] , we have

8y )p()—- Pt | 9)

e .. —— —
— e e e aeeee e 3

According to the preliminary conditions, y(x) must be purely reactive, while

', p(x) must be active. Then we assume ;

'z(x) R,—}-IX,
v(x)—-ib‘ }

After this substitution, eq.(9) is s;':lit into two equations

—X———blp(x)

f
- . JA3 ' 11
’ plx) I —x (1)
l____._.._m__«-,.. ~ .

s e m g e s

Based on design considerations, one can select a longitudinal active re31stanco

] of the circuit R, as being constant. Due to this fact, we will obtain from eq. (11) B

(12)

i
. » i
i
1

_ Here R simultaneously becomes the input resistance of the circuit (when x = 0)
- and the total of the distributed active resistances.

From the first equation of the system (11) and from eq.(12), it is endent that '

ic

| : : . -
v (

t

. D A _-: ). . 3) ’
o —STAT
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X |
The value x is the characteristic impedance of the circuit under the assump-

.tion that the ":La.tt:rnz_l;‘freé of losses. However, for a line without losses the con-

dition ‘/ X bl T is valid, Then,

J S UL

!

(1)

1
!

NRERERE

where L(x) and C(x) are the longitudinal induction and capacitance at the point x.

L, and C, are the 1ongltud1nal :mductlon and capacitance at the beginning of

"the circuit. ;

From egs.(13) and (14) it also follows that

W(‘)=l/% =r(1-+)- o @s)

It is' apparent, thet the characterlstlc impedance of a circuit free of losses
w(x), is equal at the point x to the sum of the ohmic resistances from the point x
to the end of the line.

If, in first approximation, it is assumed. that the characteristic impedance orz

__the described loss-free circuit, at any point, differs little from the characteris-

tic impedance of a two-wire circuit, then

—

' v, | |
i W(x) = R(l———)_lzom[ +1/( 1] | (26) :

et e e —————— ——— — e tn - — - e - —— P

Solving this equation with respect to D, we obtain a dependence of the distance

EEE)

- Article received by the Editors 17 September 1956.
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DEVICE FOR VISUAL OBSERVATION AND MEASUREMENT OF FREQUENCY

CHARACTERISTICS OF GROUP TIME OF PROPAGATION, PHASE SHIFT,

"TAND MODULUS OF TRANSMISSION FACTOR

(Frequency Cathode-Ray Curve Tracer)

by
I.T.Turbovich
A.V.Knipper

V.G. Solomonov

Active Members .of the Society

The article explains the principles of design for a device for rapid

measurement of frequency characteristics, investigates the errors, and des-

cribes the basic diagré.m and some of its nodes.

i . |
’ 1. Introduction i '

One of the basic parameters, determining the quality of the equipment and of

the communication channels » are the frequency characteristics of the transmission

| i

: —.—factor modulus, of the phase shift and of ‘the group propagation times, Especially

. 'high standards are placed on the frequency characteristics of equipment and chan-

' __ nels in television, " !

._." The device measuring these characteristics must have an accuracy of not less
-:than + 0,02 p sec when measuring the group propagation time and of t 2% when measur-
—:ing the transmission factor modulus (Bib1.1,2,3). - )

j A substantiﬁ role is played by the time required for measuring the characte.r-' '

1

T .. istics. Experience shows that measurement according to points of one frequency
characteristic of the group propagation time in the television main line requires

—_ i
‘several hours. Moreover, when measuring according to points, certain overshoots in 2

{

lthe characteristics may.remain unnotic‘ed.-.l_»—-.-— —_—— e - STAT

_L0.
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C..

A high degree of accuracy and of speed for measuring the frequency characteris-

" __-tics can be obtained by frequency modulation with the help of an oscillograph. .

It has been stated that oscillographic methods for measuring characteristics

are less accurate than methods for measuring by points. In our opinion, this is not

S0. Spec:.r:Lc inaccuracies of oscillographic measurements of characteristics (on

. " account of parallax, nonlinear dependence of the beam deflection on the voltage,

o _'- etc.) can be eliminated by a direct comparison of the measurements of characteristic

4 _ with the calibrated lines on the oscillograph screen, the distances between lines

" being set by the calibrating device. f
| .

o
H

- vice of frequency characteristics, reviews errors, and gives the basic diagram of

error (Bibl.6) the following formula is obtained:
&

|
High-speed measurements exclude errors due to unstable characteristics of the

) __measured object. For instance, the characteristics of the group propagation time

of television mains can be displaced parallel to themselves. This does not influ-

) -ence the quality of the television picture; however, if the characteristics change

along the points, this may lead to considerable errors. ;

Further, in the case of high-speed measurements the requlrements as to the sta—

-~ |
_ bility of the equipment elements can be relaxed, . -

This article explains the principles of design for a high-speed measuring de- E

the schematics and of some nodes of the dence, of independent mportance. A1l this

of Communlcatlon, of the USSR Academy of Sciences (Bibl.4=5).

il

2, Errors in High-Speed Measurement of Frequency Characteristics .

In measuring frequency characteristics by the method of frequency modulation,'

an error due to transient processes will arise., As a result of research on this

AS(-)=%.%%.~:

~

where. A S(w) is a camplex error when measuring the transmission factor; S{w).is _the

STAT
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" transmission factor of the measured object; g—:— is the rate of frequency change dur—

" ing observation.

Calculations show that, for the vast majority of objects under study, operating

L;"'a'.t"fr’e'ciﬁériciEQ "in the range of 6 mc per second, the error AS(w) is negligibly small,

" Therefore » when measuri;'ng a segment of the frequency characteristic whose width is ‘
g :- in the range of 6-8 mc, the cycle of frequency modulation can be selected in the

— range cf one second. Examples of calculation according to eq.(1l) are elsewhere giv-

¥ en (Bibl.7).

" 3, Methods for Measurement of Group Propagation Time

The measurement of group time is done by Nyquist's method (Bibl.l). This meth~
_—_ od is based on the fact that, during transmission of a modulated oscillation across
T a quadripole, the phase difference envelope at the input and output of the quadripole

_‘is approximately proportional to its group propagation time. This method has an in-

.. herent unavoidable error (Bibl.4). This error (see Appendix) can be expressed by

{

———l .
__the formula :

(e e e _— -

|
.

]

bl (9 d= J
f As= de g 2 du) | (2)

—_ . . i
__where AT is the error of group time measurement, {1is the amplitude cf the frequen-

" ¢y modulation (constant), b(w) the attenuation of the measured object, ‘T the group |,
. :

propagatlon time, and ‘@ the frequency at which the group time is measurad. '
!

Equations (1) and (2) show that in the simultaneous presence (J.n the frequency

characteristic of the object) of steep fronts of the tranm531on factor modulus and

of group propagation time, it must be ascertained that both the error due to the {
" high-speed measuring method [eq.(1)] and that due to the Nyqulst formula [eq.(2)] ;
do not exceed the prescribed value. For the majority of broad-band obJects (with ‘

the exception of those with very steep fronts of characteristics) this error will be

less than 0.02 K _sec.

—

|
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"l Basic Diagram of the Device

The basic diagram of the device is shown in Fig.l. According to its purpose, _

" it can be divided into two parts: the transmtting and the recelving portion.

" A. Transmitting Part |

In the transmitting part a voltage of vary:l.ng freguency is created, within the ‘
" limits of the high-frequency band under study, and amplitude-modulated by a constant’
low frequency. This voltage is obtained as a result of pulses in the mixer (6) be- '
- tween the oscillation of a flxed-frequency oscillator (5) and the oscillation of the‘
FM oscillator (3). Swinging of the FM generator is achieved by a sawtoothed oscile
_ _ lator (4). The amplitude modulation of ‘bhe M oscillator is caused by the modula- '
,_itor (2) which is fed with oscillations from the quartz oscillator (1). The frequen-—;
B cy—- and amplitude- modulated oscillations generated at the output of the mixer are ,:
o amplz.fied by a broad-band amplifier (8) and then by an output stage (10), and are
" fed to the input of the object under study (11). A constant amplitude of the out-
T”x put voltage envelope in the entire frequency band is required when measuring the
‘transmission factor modulus and is achieved by using deep negative feedback at the
.frequency of amplitude modulation. This is done with the help of an automatic amp- i
lltude-envelope control (AAEC) (7).

The basic diagram of the transmlttlng part of the device remains unchanged

when measuring all three characteristics.

. B. Receiving Part
N The function of the receiving part ié measurement of the amplitude of the en-

- velope at the output of the object under study (when measuring the transmission
EA

factor modulus); comparison and measurement of the difference of the envelope phase;

on

YRV R

at the input and output. of the object under study (when measuring the group propa-

o

gation time); integration of the group time as to frequency (when measuring the de-!

- natlon of the phase shift “characteristic i‘rom “linear).

~

.STAT
W3
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T Ihe number of blocks utilized in the receiving part of the device varies, de--

—_.pending on the characteristic being measu:i‘__e‘d,__'_
Measurement of the transmission factc;r modulus consists -in measuring the envel=-
) ope amplitude at the output of the object under study. This is due to the fact that
' _, the envelope amplitude at the input is constant for the entire band of operating fre-
Th quencies. For this measurement, only a part of the blocks in the described basic |
o - " diagram is utilized. '
‘ The envelope (10 kc) is obtained through the detector actlon of the detector
(18) of a high-frequency oscillation supplled from the output of the object under
. _‘_‘ study (11). The obtained oscillation is amphfled by the resonance amplifier (19)

an

" and is fed to the mixer (21) (switch Py in position mit). In the mixer, the fre-

o

R quency of 10 kc is converted into a hlgher frequency by means of an auxiliary osc:ll-

a -

lator (22), is considerably amplified in the IF amplifier (23), is detected for the |
- jlsecond time in (24) and, after filtration, is fed to the vertical deflecting plates
- : of the oscillograph (27) (switch Pp in pos:.tn.on uM,t "), The horizontal deflecting
plates of the tube are supplied with sawtooth voltave from the oscillator (4).
To eliminate errors, which might occur on account of the nonlinear character of

) j—detectors , amplifiers etc., as well as on account of parallax, a special calibrat:mg

dev:.ce (17) provided in the equipment; its operatmg prlnclple is given below,

|

O e

The frequency is recorded by the marking device (25)

e ——— e ———— e e e e e ——— e e

—
401
1

- Measurement of Group Propagation 'hml

¢

—— e —— e

This is done according to Nyquist's tfethod i, e., by a comparison of the en- ,
velope phase at the input of the measured object with tbat at the output. Compa.r:l.sonI '

of phases is done in the phase dlscrm:.nator (15), which is supplied with two volt—

ages of 10 kc frequency and equal in amplitude, from the test and control channels. .

The test channel includes the detector (18), the .resonance amplifier (19), and.the

{
. }
amplitude limiter (20) (Relay P in position a). The control channel include’s the. 1

" detector (9), the resonance amplifier (12), the adjusting phase inverter (13) >- and.,f

' . : : SR STAT
k5 QR -

t
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" ""tne amplitude limiter (14). T AT

3
1)

 The purpose of the _amplitude 1imiters is to create substant:xally jdentical amp-

litudes at the discriminator input, independent of the amplitudes of the input volt~:

test and control channels, to a value of about 180°.
The voltage at the input of the pha.se discriminator (15), is proportiona.l (with-

1n certain limits) to the difference of the envelope phases at the input and at the f

J

"7 output of the object, i.e.; proportional to the group propagation time. This volt- .

"~ age, after its frequency has been changed (21 and 22) and amplified (23), is detect-
16
__ed for a second time (24) and is sent to the vertical deflecting plates of the oscil-
B (‘. v

B 'lograph tube (27). Recording of the group time is carried out by the calibrating

an 9

T device (16) (see below).

:
i
2. i

Y
i
]

Measuring the Deviation of the Characteristic of Phase Shift from Linear, The

. ) deviation of the characteristic of phase shift from linear is obtained by integra- )
‘b:.on of the frequency group time. If the frequency changes with time in a linear
i

~ manner, the :Lntegratlon according to time can be substituted for integration accord-

i :mg to frequency, which is done by the integrator (26).

i
|

l
i
i
i
i

5. Recording of Data from the Device

Recording of data from the device is done by means of comparison. The meas‘ur-.
'_ :mg process is divided into two cycles: measuring and calibrating. Du.ring the meae-' ’
, ur:Lng cycle, the screen of the oscillograph tube shows the measured characteristic,

" while during the celibration cycle it shows two lines, the dlstance between which

_~ can be established by the calibrator. The tube used in the device has a consider-

T able afterglow. For this reason, the measured characteristic and the calibrating

- 1ines are observed simultaneously and can be compared with each other.

A. Recording of Transmission Factor Modulus

= ' While recording the modulus of the transmission factor dur:mg the calibrat:ls_l_ !
| .

s L s b et g i o e

3 '““:‘i“'“-'

Declassme in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0

N 'c~y315 , _frequency modulation ceases,

. plied with a constant frequency controlled by the operator. The calibrator Qan

! (Fig.l) is a potentiometer, whose transmis-
! sion factor is being changed several times

.by a relay during the calibration cycle. :
This projects on the scr;aen broken horizon-l-

tal lines, whose position and spacing is

determined by the attenuation of the po-

tentiometer., TFigure 2 shows an oscillo-

gram of the frequency characteristic for

— " the modulus of transmission factor from a double circuit, mcludmg calibration

_ lines and marker spots.’ !
2;___% 4
i

B. Recording of Group Propagation Time. |

During the calibration cycle (Relay R in position b) , one of the arms of the

phase discriminator (15) (Fig.l) is suppla.ed instead of with test voltage, with

- voltage from the control channel across the calibrated phase inverter (16) and the

= limiter (20). During the calibration cy-
! cle, the phase shift created by the phase
inverter is changed several times in j@s,’
creaf:mg cal:.brated lines on the screen,

whose spacing can be read from the scale

|
|
| ,

of the phase inverter. The phase inverter

Fig.B !

Figure 3 shows the oscillogram of a

[
!

|
. : . f
“ is graduated in microseconds. ’ I
i
!

5" — frequency characteristic for group propagat:x.on tn.me of the same object together

Il ‘with calibration lines.
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| QU - L e e s

~ o Revording Déviation of the Phase Shift Characteristic from Linear

P

When recording the_ deviation of the phase shift characteristic from linear » the

~ device operates in the same way as in recording group time. The only difference con-
€. e o
sists ‘in the following: g: the voltage ‘from the detector output (24) in this case goes

v

) through the integrator (26), which results in a calibration curve in the shape of
\ ~ triangles instead of rectangles. The oscillogram of the deviation of the phase shift

ichaxacteristic from linear and the calibration lines are shown in Figeh.

14 __..‘
) 6. Phase Discriminator

]
E .

i
i
«
'
:

The phase discriminator (15) represents a summator which is fed, in antiphase, .

by two low-frequency oscillations of approx-

imately the same amplitude. This brings

the output voltage to a value in proportion

with the phase difference of these oscilla—f

i
H

tions.

Deviation from the correct proportion

1
!
t
'
!
i

(error of discriminator) is caused by:
a) nonlinear characteristic of the discrim=
' i

'__.inator when the phase greatly differs at the input, b) dli‘ference of amplitudes of 1

- the input voltages.

If the phase dlscrmlnator input is fed with voltages u; = Uy sin (Q T4+ %) '

- and u, = -U, sin (x - 3 ), whose phase difference is ¢ + @, and if we designate

— U3 -V
the relative amplitude difference by & = ;%1_11—4.21—15) , then the voltage at the dis-

_"__:criminator output can be written as

3

y=Dtle {[1-1,- 1ein(9t+—) [‘—"]""“(ﬂt 'L)}

U,+U, (2cothsin—?-+asantcos-?-)
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25—
- The amplitude of this voltage will be determined ‘as

U= lh*dh 2]/;hf +

'i;frsifuhich; as the disc¢riminator error 49 ;“ﬁé‘6Bt£iﬁ“the“éi§§é§§£6ﬁf

o 2/ sint L + 4-cos* -} (1)

Figure 5 shows the curves for the depender ce of the error A on the phase dlf—' :

" ference 9, caused by the amplltude dli‘ference 5.

-

&)

Fig.5

The diagram indicates that the error accrues rapidly in the area of small

: angles. The operating band of the discriminator should be selected, for practical !

— . [
__reasons, within the limits of 0.07 to 0.6 radians. Moreover, if the relative ampli-~

tude difference does not exceed 2-3% the error of the discriminator will not ex-

If the error of the discriminator in ‘the area of non-zero phese difference

T drops abruptly, the requirements for stable voltage at the output of the

so decrease. ThlS is an advantageous feature of this method, as compared with

measurements according to points, where the recording is done at zero phase differ—,

1

- ence.. . . t
— 4

5-7 Limiter

_ The limiter block consists of a resonance amplifier stage, a cathode repeater
STAT;
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T
" and the limiter proper whose diagram is shown in Fig.6. The presence of ‘stray coup—

) - ling between input and output of the limiter creates a spurious ‘amplitude and a phase

modulation at its output. To compensate this stray
| ,
" coupling, an additional coupling (a small capacitance
n—‘—..‘ l

C and a large resistance R) is established between the
1VQ

nC
m )

+

> Y
. 4

input and output of the limiter, to compensate for the
| .

' stray coupling.
Fig.6 .
Besides its direct purpose (to obtain the same

:.amplitudes at the input of the phase discriminator) the limiter is also used to ob- |
- __ tain harmonics of the fundamental frequency. If the phases of the harmonics in the ;
i ‘_-'Iphase discriminator are compared, the sensitivity of the discriminator will increase

‘in proportion with the number of the harmonic. For this purpose, the device uses |
*'~ the ninth harmonic. E
Connecting in series two limiter blocks, a change of voltage in the input of

" " the first one by about five times will yield, at the output of the second one, rec- ;

& ._} ! ;
) . tangular pulses whose harmonics amplitudes (up to the ninth inclusive) are constant :

:with an accuracy of 1#. In this case, a phase shift between input and output of the

N : limiters (for the fundamental harmonic) does not exceed 10'3.radian, while the value

2y
K

" for the ninth harmonic is 102 radian.

T Since the accuracy of the device is defined by the basic error introduced into ;

Lt

_. the limiter, the phase difference between the HF voltage envelope at the input and

-

o output of the test object can be measured with an accuracy to within 1073 radian.

K

8., Integrator
— . !
A most practical layout for integration is one with a capacitance feedback, as .

) H

shown in Fig.7a. Here R and C are the integrating resistance and capacitance- R, is

the load resistance, (2c and Ry are the stray capacitance and leakage resistance, re-

spectively... . e S .

. _. An expression for the transmission factor of this hookup has a rather pomple.x__;
STAT

{
i
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G- — - e s e e e eem
aspect (Blbl 5). However , if the real values of the ‘circuit parameters ‘are taken in-

) to consideration and if, in this expression, terms higher than the second order of _

smallness, i.e., terms whose value is smaller than 1072 , are taken into considera- ,

tion, an expression for the transmission Vfactor k is obtained determined by the

ratio of the output to the input voltage, as follows:

1 "1 "Ry
Bin ReC (RPC)‘

I

K== ’

. where p is the Laplacian operator.

The first term of eq{5) is proportional to % (the operator % means integration):

_:and is a useful value, while the secord is proportional to L, i.e., to the double

integral and represents an integration error. This error is caused by.the finite- "

ness of the tube amplification factor ( %’- # 0) and by

Vot the presence of leakage L from the integrating capaci-

tor. :

From eq.(5) it is apparent that the value of the 1

}
!

stray capacitance C, does not . enter into the expression

for the transmission factor 5 i.e., the error caused by ;

this fact is small compared with errors caused by other

parameters, ;

To compensate the integration error, the circu:Lt
must be camplicated in such a manner that an additlonal .

term would appear in the transmission factor. This

term would be proportional to L but with a sign oppo-i

P

site to that of the error. . [

In the case of a symmetric circuit, such compensa-

‘tion is very simple and consists in sending a voltage from the output of onme. inte-

:grator across the resistance Rcv to the iﬁput of the other one or vflce.vers;_____.~

o ‘(Fig.7b). Having written an expression for the transmission factor -of-this. dJ.agvén_I:nA

bamrians a2 e
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6 - ..
. we “obtain the condition for compensating the integration error, “as’ fol_lows

BN “ll o1 T b e
e wR T ; (6)

cye In actual circuits,
"~ the value R,y is in the range of 200 megohms.

When compensation is available, it becomes possible to obtain in the diagram of

Fig 7o (with tubes of type 6Zh8) an :Lntegrat:.on with an accuracy to within 1%, with !

",the full swing of the output voltage in the range of 600-700 V.

i
9. Input Detector i

H
i

To decrease the dependence of the phase shift in a detected low-frequency oscil-

1at:|.on on the hlgh—frequency amplitude, a c:.rcu.lt of consecutive detection without ’

capacitance is used, ;

When a modulated signal passes through the meas=
ured object having a nonlinear character, the voltage !

sent to the detector may have a low-frequency component.

" producing large errors. To eliminate a voltage' of tfﬁ.}?-

frequency, a rejectlon filter and a symmetric deter:.ti.ong

system (F1g.8‘) are used. To eliminate the tube input

E capacitar;ce ’ ’;c_ieep negative_{eedback_ ius_ _a?;_)lit_ad.__ i

| Such a diagram ensures the :indei:endence of tﬁe
amplitude on the detected voltage, with an accuracy to
within 1% and of the phase to 10~3 radian - when the

.:c_arrier frequency changes from 0.2 to 10 mc. Moreover, the phase of the detected

-t
oscillation does not depend (with an approximation as mentioned above) upon the amp=

——

£/~ litude of the input voltage, if this latter is changed by 5 'times;

. Experimental Testing of the Accuracy of the Device

T rame e e o s v et e SYan e ot e SR

Testing of the device is carried out as follows: o
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" "a) The input of the device is shorted to the output; then the transmission fac-,
“: tor modulus is equal to 1, while the group time is equal to O in the entire rrequen-

cy band. A comparison of the resultant characteristics with the calibration lines

shows that the errors “do not exceed the permlssfble values; o
b) The errors of the device are measured in the same manner by coupling it with:
_ voltage divider which does not cause phase distortions and is used as reference;
c) The characteristics of a series of uncomplicated objects, as measured by‘the.'

"~ device, are compared with the theoretical calculations.

" 11. Technical Data of the Device

Frequency band: 0.2 - 10 mc;
Test band of group pfopagation tim;: up to 10 psec}
Measuring accuracy of group time: 2% % 0.62;1- sec, -with attenuation drop
to 1.5 neper; -

- Measuring accuracy of the modulus of transmission factors: t+ 0,02 neper in
the band to 0.5 neper; and 0.05 in the band- to 1.5 neper;
Output resistance: 75 oligxs; I

Input, high-ohmic or 75 ohms,

3
;
!

The input of the measured object is supplied with a modulated vqltage

u,—Ucotot(l«}-mcosﬂt)- :

)
= U[cosut+—cos(u+9)t+ ——cos(--Q)t] _; S

If F(w) is used for denoting the transmission factor modulus of the studied

o object, and ¢(w) for the phase shift, then the output voltage of the object under
54! : o
- test can be expressed by

e e e e

u.-F(u)U{cos[ut-{»-?(m)]-{- ’;(F‘l; 2) coslot+9(u+9)]+
mF (e —

e cosI«-H-?(-—Q)l}

e . ———— A ST VIRRART KL T
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~“Yet us expand F(& £ 0) and (v + ) into a Taylors series, ‘1imiting the first

expansion to two and the second - to thres terms.

i

|
Then, !

[k

(<) .-
B

dF
r(-ie) F e > e ’+...

t
i

(o) 0 gty (w)
+7 2 de

[
D

(O:tQ)-?(“):i:Q +...m=

o
to

-9(0)i9¢+—2-;:+t

|
!

A

Pt
Je
!
1

dw()

) time.
_where T="3, is the group propagation

btain
Substituting egs.(9) and (10) into eq.(8) and making transformations we obta

‘ .Q' -dA deb(o)
u,-UF(w){cosu(t-l-s)[l+mcosﬂ(t+¢)cos 2 d‘-{-—‘——-slnﬁ(t-{-c)x

Q3dc mQdb(«)
- X
2ds de

|
|
|
1
i
1
!
I

X sin %'- -—t-] + sine (¢ +1) [”“'0’2("*"‘)““

]
1

0 2 ds (1)
X sinQ (¢ + <) cos - 2 2 ]}.

—i

—thern b(w) = - 1n F(w) - is the attenuatn.on of the test object.

The amplitude of the high-frequency voltage A is equal to the square root from;

i
I
!
l
i
!
i

" the sum of the squares of the factors with orthogonal components i.e.,

m? 1 lm Q db (u)

Ql de
— —— —— (l 0§ — —— -
A—UF(-){I-!— 2 -+ 2 4w ] +2mecos 2 ¢+ c)e

2de

de 2de

(12)

l

|

| Qid«< 1
: - M-(-—}-‘,ng(g+,).h_—- + |
| I
|

1

1
+ —12— m’[l + 3%?—’-]'«»:29(:4-«:)}’ .

|

1

e e e et {

i _ - - :
}

1

Expanding eq.(12) into a Fourier series and neglecting the small terms ,_we |

' bject is shifted,

- find that the first harmonic of the egvelope at the output of the obj ’§
#

- 'pelative to the input envelope, through an angle of

N T I Q’d <
d = Qv — arctg[ t

de 24-
|

ot st ———e e e - —

1
i
1
1

e . S 2 45 At s

‘ If, according to.Nyquist, the group time T# given by the device,. is determined

STATx
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.. then as the error of method AT = T* — 1, the following is obtained

- .- E e s e ey

) -A' -— —;—-m (g[ Oczb.(o-)“g (%5_)]-—_“"‘—;—“‘“—} (15)

Considering that the value contained in the brackets is small compared with

=1

" unity and assuming tan™ Z » Z we obtain e’q.(2).

The authors thank V.P.Savel'yev and A.A.Koloskov for their help in carrying out
¢ _i l '
__ the experiments.

i

i

|
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THE PROELEM OF INTERMEDIATE PROCESSES IN PULSE

SCHEMATICS WITH CRYSTAL POINT-CONTACT TRIODES.

by

ili“‘}f';;'

L

0.G.Yagodin

The article reviews a method of analysis for intermediate processes with

Lt

crystal point triodes, based on a substitution of the dynamic properties of a
triode by an approximate equivalent circuit and by aligning of the nonlinear

triode characteristics. Intermediate processes are studied in a diagram of a

single~cycle relaxator and in a trigger device with a triode working without

saturation. ;

Calculation methods for pulse schematics with point-contact triodes. have bsen
_:worked out with sufficient details in application to slow processes. In this case
the calculation of the basic parameters for pulse oscillations and operating ‘condd- '
e ~ tions of the circuit is, in fact, reduced to a determination of the input character-‘
~ istic of the circuit, for instance, ug = f(iz) with B = const, B’b = const and Rk =

) _ const (F:Lg.l) and to its analysis. The input charactenstic can be obtained from i

known statistics of characteristics for a triode, either by graph:.c methods (Bibl.l)

i
H

_or analytically (Bibl.2). In the latter case, the real characteristics of a triode;:’

|

is aligned within the area of cutoff (I) of the act:Lve section (II) and of the sat-
_ uratlon areas (IITI). For each of these areas the values of a triode parameter are

) de‘bermlned and linear equivalent circuits, usually T-networks, are composed. With ;
i
the help of such a model of a crystal triode, the characterlst:.cs of pulse oscilla-:

l

- tions can be calculated under the assumption that jumps in the circuits are momen-:
tary (B1b‘l.3 ,it), that the influence on such jumps by the parameters of the triode

R ‘and the circuit have been considered, and that useful operating conditions for the

- _'circuit‘have been determined > _etc.' However ) for an analys:Ls of intermediate pro— -

STAT
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" cesses in ‘the circuit, the dynamic properties of crystal tricdés must be known. [
_It has been experimentally proved that the dynamic properties of _Rgégj;—_gonte._g@__z

triodes, notwithstanding a sufficiently

e o
' pronounced field effect and surface phenom-

ena in the area near the limit frequencies '

or exceeding it, are determined by the dif-,

i"usional character of the movement of the

1
2

i

& i !
i charge carriers. Thus, in first approximation, both for point-contact and planar :

i

(

trlodes the one-dimensional diffusion equatlon obtained by V.Shokli (Bibl.5) can be
]é ‘
_applied. However, the solutions of this equatlon for intermediate operation (B1b1.6
ar |

_ 7,8) cannot be used for practical calculations , in view of their comple:d.‘by. g
To investigate processes in circuits with planar triodes, the approximate ex- E
- [ ] '

- . pression for an intermediate characteristic, as offered by E.I.Adirovich and V.G.Ko=
!

3E

jlotilova (Bibl.9), can be used. However, for engineering calculations, with the a:iml
oi‘ simplification, it is more practical to represent crystal triodes by equivalent |

|

- circults reflecting their dynamic properties and assuring the requested accuracy of ;

. calculatlon. The necessary elements of such circuits are elements taking into con-

sideration a weakening and a phase shift of;

l——‘ =200 :
¢\ ” Y_E:__»‘ hlgh—frequency signal components and re- |

i’lecting a delay in the reaction of the .

Fig .2

system to the input disturbance, caused by
the tail portlon of the diffusion. In point-contact triodes practically no diffu-
sion delay appeared, so that the equivalent circuit becomes much simpler for these
_jtriodes. : N

. | o
It is known that, in a broad frequency band (up to critical frequencies) a

- 'point-contact triode can be represented by a low-signal equivalent circuit (Fig.2)

- for which _ i

rmle(P) + <U
U __mle z,
z(P) T+ps
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0... —— e . e e - py—e S
. or by a circuit as per Fig.3 in which, for dynamic operating“conditions , the current;
o __4 l

in an oscillator i ~and in the circuit of the emitter i, are connected by the rela-

l.
4

tion ) — l e e e ( )
‘(p) 14p<.’ !
- 1 .

T | G)

. where £, is the limit frequency of the trlode » at which the current amplification

~_ factor drops to 0.7 of its value at low ijequencies.
! !
For large signals it is necessary to take into consideration the nonlinear
1

character of a triode. If the triode does not

J
reach the saturation point, its properties can be

|
duplicated by an equivalent circuit as shown in

Fig.4. Within the limits of the active area, the

: ) i
time constant of the equivalent current generator,

" in the schematics in Fig.3 and 4, is equal to -

—

<= RC.

Under the operating conditions of a saturated triode, i.e., under a changed

__’ status of an equivalent diode in a collector circuit, which corresponds to the con- |-
i

1
|
i

r — _ ()

l

the phenomenon of accumulation of nombasic carriers occurs; in first approximation,

thls can be taken into consideration by lntroduclng a new discrete value for the

- time constant of the current generator i

I T Ta>e - ™ (6)

—_ U SN PP S SO |

In this case, the use of point-contact triodes may become limited. The latter

5" condition, in particular, limits the maximum speed of count in discriminator cir-
_
" 55 'oudta,

g

|
59
1

{
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C — — mm e pe  mee e = e mom—— e—— wnpm e mreanmees m e Ase s s = o o s S 0" s = et e e |
-t The existence of appro:dmate linear equivalent circuits of crystal point-
4 i

" cuits with the help of a device based on the classical theory of circuits,

Thus, the approximate solution of the problem of intermediate processes in a

—‘nonlinear system is reduced to consecut:ure linear solutions obtained for a series of;

1o
areas and to their subsequent reconciliation at the boundaries of these areas,

As concrete examples, let us considexl' intermediate processes in the circuit of
14 |

.18

a single-cycle relaxator and in a trigger device with a point-contact triode, work-
. ing without saturation. {
1e_| i
) In the general case, the circuit of a single-cycle relaxator, sta.rted by a pos—
__'itive pulse, sent to the circuit of the em.tter , can be designed as per Fig.5%. '
Let us consider intermediate proces-

ses in this circuit under the assumption

that triggering is accomplished by the

action of a current gap, received from an
oscillator with an infinite internal re-
- s:.stance, the transition of the circuit from the state of stable equilibrium to an

X .__.'active state occurs instantly; the load resistance in the collector circuit Rk is
\m:!not great. Under these assumptions, the x;ovement of the systems in the active area
BU:{ can be represented by the equivalent circurb shcrwn in Fig.b.
40—{ The initial condition for this movemel‘ant, can be written as

. !

z¢(0) ~0 .

l
With an input disturbance of t
b : -
'g(t)=0 for t<0 } i ' (8)
ig)=1e for £>0 ] ’ ’
i

#_The. simplest.schematic_of a trigger device is_reduced to_the same configuration, |

_ when_taking_into_consideration the influence of input stray capacitance,
N - 1

STAT
|
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|
|
!

S L a'+Qa+S s, PP4QB4S b
mt oe—p ¢ T ga—a © ]

4 Va4 W o, B+VB+W af
ca—p ° T pe—9 °‘]'

a?+Ya4+2Z ot 4 B*+YB42Z 'u
+ TN + B0

| .
am— L VE=—2M); 8= - L(L+VI—iM)

K==xTe (TuR; —T13Rys) ,
Ry sTe+tTu+ TeTy) — Tia(t.Ryy + TeRy)
K

- Re (Te+ T;(l) —TuRn : N =T F (TR — TusRyd)

TRy F+ TRy F4 v TyyE —TiuRnF 4+ <Ry D
Q= m
Ry F+TyuEc+Re D
N
U =xT¢(R,D + TnE) ‘
£ Ry D 4 TRy D+t TyoE + TeTusEx+ < Ry F
v

i X =2T (TuE + RiD)

L

M

S=

W=R;F+Tnfx+R;D

=3 TeE+tTyE+4-« Ry.D +411R19F —+ TeRuD 4 TeTnEx
X

7 - Teﬁx'*-TuEx';RnD'*'R!}F"; Rz—Ra-}-R“

Te=RLes Ty =RyCe Tx; = RuCe
D=CU.; EmE,+U,; FmIT, — Ce(Ee+U,)

q'

Y

U., =—E, — (U,. - ie.Rn) 1_?2_1_};;":& - i..Rni Ru =Ty +Rq4

— Tjj is the small signal parameter of a triode in the active area).

Superimposing on eq.(9) the initial eq.(7) we will obtain equations, describing

" . ‘movement of the system in the active area, i.e.,

t

1

_a
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Where Ie is the value of emitter current at the instant ts, “when saturation of the .

9
- triode is achieved, i.e., when eq.(5) is satisfied. The method for determining Io,-'
LA '
and the time t4 has been described before (Bibl 10).
N wmm’i’he movements of the system in the saturatlon area are reviewed analogous]y,

i
i
1

1,,<:,<1.,,_,,' T T 2)

o e

‘for which case, the initial conditions a.ré as follows:

i ie(t — = o
i : . (13)
: U.(t-— )},_, - Rn1¢,+ Ril,, !

The value I in a circuit of a s:mgle-cycle relaxator can be determined with

.. sufficient accuracy from a study of the input characteristic,

1
t
{

Having equations for the system displacement in the active area and in the sat-f

) . emltted by the system. The duration of the pulse proper is determlned according to

- on'r?_, on account of the effect of accumulatlng.holes. The accumulation of holes

lim:bs the minimum duration of the pulse, obtalnable from a single-cycle relaxator.

Similtaneous use in the pulse cJ.rcu:Lts of crystal diodes and triodes improves -

. . sometimes very substantially - the operating quality of the circuit. For instance ,3'

i

with the help of a diode, the limit frequency of repeated pulses in a single-cycle I
’ ;

. relaxator can be increased. ;

The use of a 'crys'bal diode in conjunction with a source of constant Q shift of
the lcad element in the emlttmg circuit :,'ields a broken characteristic of the loadj

£
L S

-~-—:which gives the possibility, at our choice » to secure the poa.nts of mtersection of

I

S0

SE

; STAT
- :

1
1
1
!
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0 o e e e e oo e e i n . SRV
the 1oad with the input characteristics. In particular, all three points of inter- :
" . | 1

*~ section may be outside the saturation zone (Fig.7). It is evident that, if in this R

e e , case the stability of two equilibrium
]
" states can be assured, then such™a circuit

Re o
‘*T Q*e.T" % 17, |

can be used as a trigger device with a

diminished time count since the operation |

'of the triode itself in this circuit is |
| :
characterized by the absence of saturation.

H

As shown by the author (Bibl.11), if

o

"\._—..-

t s
the collector-to-ground capacitance is ne-
; i
glected, which is permissible for a great ;

-

&

number of schematics with point-contact :

triodes, the conditioné for a stable equi-

——-———-.-—-—-—-——-5-

librium in the descending branch of the

. !
input characteristic, in the general case,

have the form

——(Re+ rl) | (14a)

i

R~R¢

‘where Ry is the steepness of the descending branch in the aligned input character-

_ istic, equal to :

Ia
o

i RN RVR”‘ —Rn l v
i Rn + Rx '
| B | (3)
| =Ru— R R

O ES
o

AR

-~

From here it is immedlately apparent that, if the condition (ll+a) is satisﬁ.ed,

"the point b will correspond to a st.';tje —ohfhstable equ:hbnum Jz‘ihe system, while

STAT
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the point ¢ will represent the unstable onc.
The trigger device shown in Fig.7 (Bibl 12) ~ after taking the influence of the
- emltter-ground capacitance C :Into account -~ represents a system with two degrees

. of freedom, analogous to the reviewed schematic of a single-cycle relaxator, The
o l

_ basic difference between these schematics s when reviewing the intermediate processes,

15
J.,_ is this: for the schematic as per Fig.7 the equations deducted for the active zone |
12 '
_ remain valid during the entire process. However, the inclusion into the circuit of

L

-;' the emitting diode Dl and the source of the shift E! 52 causes the parameters entering

i
i
i
l

: into these equations to have two series o:[‘ discrete values corresponding to the

- value of the emitter current. If I com denotes the value of the emitter current

which produces a commutation of the load resistance in the emitter circuit, this re-
l

_ sistance can be expressed by ' i

o Rﬂ~rd jOY‘ 0<l.< I"°m ‘ , (16)

. R ~R¢ jor l¢>1¢‘."f~-

X1 | (18)

e — e e ——

- where rq and Tarey 2782 "respectively, the resistances of diode Y in the forward

—t j
_. and reverse directions, !

It is obvious that, within the limits of the active area at i, = Iecom’ the
bounda.ry conditions must be satisfied. In conformlty with egs.(16) and (17) let usj
agree to call "first subarea" of the active area that part of the latter within
wh:Lch the current of the emitter changes w:Lthin the limits O £ i,

the other part of the active area, det ermined by the condition Ie
com ~

t
H

‘ - wi].l be called: "second subarea®, i

Let us review the process o:l‘ direct reversal in the circuit (transition from

state a to state b) under the influence of a current gap. Suppose that the circu:xtg

. ‘with a terminal input capacitance Cg is under the influence of a current gaj gap (8) |

STAT

i
|
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]
!

__The first commutation of parameters in the circuit takes place at the transi- _'

0. .
. size I is sufficient to bring the system out of the state a,

4.
__tion from the cutoff area into the act:i.ve area, i.e., when the equivalent diode:

6.__ . e e - . L. . R o e
" emitter-base (Fig.L) opens, which happens when i, = O. The instants of subsequent

_t |
parameter commutations are determined from the condition iy = O, where iy is the cur-

' ':_" rent flowing through the diode D; (Fig.7). Considering, as before, that under the
__influence of the gap, the transition of the circuit into the active area happens in-j!

b _ 'stantly ard that eq.(18) is satisfled we find for the first subarea an equivalent
cn.rcu:.t as shown in Fig.8. The initial condltion for moving the system is eg.(7).

18 [
For the schematic in Fig.8, which is analogous to the one shown in Fig.6, a solution

I :

of general aspect has been obtained in eq.(9) In the present specific case, the :

|

‘current i, corresponds to the current :Ld :

|

TC = Co,f' d
'\ F = Tel, — Ce, (E+ 1)

R
be, = (u R“i )R”‘: T

———— -

while the balance of the symbols corresponds to eq.(10).

After substituting eq.(7) in egs.(10)
and (19), and further in eq.(9), we obtain

thg final expressions for the currents 1 )

- i ; and i, taking into account the initial
e k

Fig.8

conditions in the circuit.

A solution of the equation (9a2) of the type

(e e

|

| )\+Pe '—Ve =0 . i

permrbs determining the instant t at which a new commutation of parameters takes

place , and also permits determining, from eq.(9a) » the value I . oo

The. equivalent .circuit for the second subarea [satisfying eq. (18)1. corresponds
° {
e 4o the time interval ta.. < t < tgtap Where tgygy is the-time during which the ST!
. AT

65 |
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trans:.tion of the circuit into a new sta’ce of equilibrium,as Shown in Fig.9, takes

f)

— plac_q.“_'_l‘he,__appliq_aplqn_ 1imits of this equfqalent circuit can be determined in the
4.1 ’ i S e e

:“ following manners: l

!——-———--—._ le pm<ice< Iey +—i:,_

|
where Ieb is the value of the emitter current corresponding to the point b on the ,

i :‘ input static characteristic. It is obv:Lous that, for operat:Lon of the crystal triode

:without saturation, the following condltlon must be satisfied:
| .

|

i_ . lu'*" <I¢:
T

The initial conditions in the second subarea can be written as

(21)

U

fe (tom) = I'com } L 7
u, (’CM) = Ul com

l

The voltage at the capacitance Cez’ é.t the instant of commutation, reads as

(22)

J

|
!
.

__follows

u, (t‘,,,,\ = u. com™ R‘,l.“,,,, + Rl s com= —E,, | (23)

iwh:i.le the voltage of the equivalent emitter is
l

e .
) =~ Ec+E. +nul.¢,,a’*”;jf~ ~Raleow 1 (2)

e e e e e e e = B mc ettt b e ——————tl
. 'l
The solution ef a system of eguations describing the schematic of the Fig.9
i -
|
[ -'—FQ'-'-FE" U= tem) =
KM «(@—p) .
B QWS -t
et ( ,....)]
_ L .
v Y4 V' + W ettty ‘
can) KI MI s’ (¢I — ’0) e com
VT ("'m)] .
L e L A
!
66
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- b o o
xl z’ .l‘+yl .l +z: "
— | — ——————
KI MI + .' (.' -— ")
- —".-.*-' Y_’ ’-'_+_z, e" (‘ - "dd] .
FeE-=n_ _

In eqs.(25), the values of the factors differ from those obtained before, for

- tcom') -

]

P _—* the first subarea. This depends both on the changed value of the load in the emitter

! .
___ circuit, and on the change of the initial movement conditions during the second com-
i ! ;

i :-mutation of the parameters in the system, These factors can be determined in the

i fo]lowir;g_nya;r‘x o B ' _
D' = —C,E'; E'=mE,-} Ulum; F' == Ce, (Ec + E;)
T', = C,,R,; T;; = Ty = C¢,Ry; T'u =Ty Cl:Ru.
@ = -_;.(L'—-V'LW); p’-——;— (L' 4+ VIT=4¢M")
K' - T‘ (Tlle — T“R“); . .
Ry (*Tyr*Tu+TeTai) = T (+ Rus + Te R
KI
_ R (Te+ Tn) ~ TiRn
KI
- Ry(sF' +TuF' ++D)+ Ty (xE' — RuyF)
Il * N'
,  Ry(D'+ F)+ Taks
S - -
N
U’ == 2T, (R, D' + TuE')

Ry (1D +TeD +<F)+Ty (sE + T, L)
V o= -
ul .
_ Re(D' 4+ F)+ Ty
Ur k]
tE (Te+ Tn) + 3 Ry (D' + F') + Te(RuD' 4 TyEL)
xl
_Exc(Te+ Tu)+ Ru (D' + F)
- xl -

L =

MI

i N s« Fl (THR‘ b T;.Rn)

Q

WI

X' =t T(TuE + RyD")

Y/ =

ZI

The transit time of the system in the second subarea is determined

i
i

eq.(25b), if it is assumed that

ie( gy~ teom) =les+ 1
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0 o

- 1§ s obvious that eq.(27) is true only when the trigger dévice trips under the’

" influence of a current gap or of a current pulse whose duration T, is greater than _

the action time of the circuit t tab while the

| A
DR duratlon of the leading edge is considérably less”

E, than tgyqp and eq.(21) is satisfied.

The complete action time of the trigger cir- .

cuit is deter:nined as the sum of time intervals

!
]
H
1
H
i

i recui_red for carrying out the transition of the system over both subareas,

A review of the process of reverse tipping in the trigger device under the in-:

:’ fluence of a negative current gap will be made under the assumption that, at the in-

--_. stant of an input disturbance, all intermediate processes in the circuit have been’

completed and the system is in a state, corresponding to the point b at the input |

ae

22

i

24
~ static characteristic. Such an assumptn.on is true when the negative drop is aprlied

1 to the circuit at the instant t5, while tl »>T, >

t

i

where T, is the duration of the starting

causing a straight tipping of the system,

stab is the total time of action of the

system during straight tipping.
The equivalent circuit for the second subarea will have the same aspect as the
circuit in Fig.9, with the only difference that its input is comnected to a negative

. curren‘b drop (Fig.10). !

The initial condition is determined by the initial state of stable equnl:.briuxn

—

10(0) = leg (28)

T

The limit condition for the second subarea is the connnutatioﬁ condition

| a“.m=—~f=".- L (29)

Let us remark that, to achieve a reverse tipping, the value of the drop Izl

ﬁmst be sufficient to cause open:mg of the diode Dl in the emltter circu:l.t, in view

STAT
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" of the fact that, without complying with this condition, thé éircuit cannot be

" brought out of its state of equilibriume i
Having determined the value of the emittel: current in the commutation moment

) :I;; oml, we find the iritial conditions of the system movement within the first sub- )
g ; .

ig (tcaml) =1/ Ccoml
u, (ttonl) = —E,

(30)

For the first subarea at reverse tipping, we obtain the equivalent circuit

" shown in Fig.1l, which is valid when i

i

e e e s ___.__..__,.__.__-!-,._._

0 < ie < Ly comts®ia > 0. I (31)

1

: '
1
!
1

The transit time through the second subarea at reverse tipping can be found on

the basis of the known boundary equation | l

o 'i-it,]u—” ST (32)

For the case of excitation of the trlgger device shown in Flg.? by the current !

!

z —drop the above expressions for currents in circuits, permit determim.ng the reaction
i

i

2

However, the presence of a very complex dependence
13 ! ‘

of the factors on the parameters of the circuit

and on the initial conditions , leads to cumbersnm

s results,
A considerable simplification of the process

j analysis for a schematic, yielding understande.ble conclusions, is achieved for such

paramet.ers of the triode and of the trlgger circuit, at which the influence of the

- capacltance Se_ in the emitter -.:chult can be neglected. Obviously, this can be
€z

o done only when one of the roots of the characteristic equatlons for a system with

...-»

i
twe degrees of freedom is considerably_ smaller than the other_ (in the general case,
ion the output resistance in the generator of starting Julses)
i STAT
i

I
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 doss ot

- have to be taken into consideration if the following condition is satisfied:

C.,R - ' (33)

(r——————— e e e e

v e Amem n as

In actual cases, due to the high action speed of trlgger circuits with point-

contact triodes, it frequently happens that the rate of build-up of the starting

N s:.gnal is equivalent to or even less than the tripping speed. Therefore, it is in-
terestlng to review the influence of the final speed of build-up of the starting
T 31gna.l on the intermediate processes in the trigger circuit.

Assume that starting of the circuit 1s done by a rather large separating capac—
—t !
.itance from the emitter by a linearly varymg voltage whose internal resistance is
( i

_ equal to Te and that the influence of the capacitances emitter-ground and colleCtor-;

i

i
-- ground can be neglected, ‘
Considering that, in the active area, rq« Ry and that 1 « R, the first sub- |

3
i

_'area can be represented by the equivalent circuit of Fig.l2#%,
i 1

Let us assume that the starting voltage changes according to the law

!

!

i (34)

If the rate of change of the starting voltage is small as compared to the speed'

oi‘ action in the trigger device, then it is assumed that the starting voltage re-

mains within the circuit during the ‘entire tipping.
: P
‘process,

For the circuit in Fig.12, the initial and

lboundary conditions for a forward tipbing are
¥known ‘ )
: e (0) T (35)

u,<t“.a )

*Movemenu of the system in the curreﬁt cutoff area is not ‘considered here.

M g e e b e
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i

. 1 r, R .
",(t)—-m{ —Uo— d(f'x'R—;’—Uco)-}'at-f-

2 fﬁ_f.
S S — F fd- ___. _ <
+[ ntg—rad) Veo Ed+ RN( UN)]

‘O(Q=m{- [(Exg—"—f',)(’,-i- ra) +
+ (E,— co)’4+(l+ a‘”’d]_arat'*‘

+[(ERE—E) (gt 1+ Ee—Udr+

Rwe
+(1'+ifi)arr,]e" ‘}

. | '
L) =R Tra |’s (E.Ry —E, Ry) +

+ 14 (E,Ry — UoRy) + ax r.,‘%; (Ryy — By) + ar Ryt —
Ry R, :
— [ (k4 Vir) + 1y (ER—E R +

Ry ¢
+ rg(E Ry — coRu)'*‘a"'dR" (Ru-Ru)] ‘}

|

o L

The instant of time, corresponding to the commutation of the parameters in the
schemat:.c, is determined by the solution of eq.(36)
For the second subarea, comply:.ng with the
jcondltion R, « 1y oythe equlvalent circuit t‘.a.keal )

5, the aspect shown in Fig.,13., The initial condi-

t:.ons for movement in this subarea are:

)
*
M

1 i‘(tton)=1'.¢0m R
‘ uy (8, >=—-at...;. ] 68

s
0

In the case when rg < R - WhJ.Ch might happen frequently - and after superim—

i .
_@

AT, St e e v e
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' " posing the 'smiﬁiai“éc‘ls‘:’(se) on the solution of the equation systes; WS Have:

1 PR,

1«t»-—%k%wﬁ)( Rﬂ@+m+

B B (1= 20) (= ) +

E, 4-5, "

+%[( ) -

Ry - {com

e

— __Rl' vy 1 Ru P
(l R,)(€‘+E‘) '*‘-RTEx s E']‘e

<

ieft - tc..J=,%~[— [R2E~ £+ as(1 +'Ri‘;)]—
—a(t—t., ["“‘"‘Rn'*‘R“E —E.+

:l_Y t—leom ]

Gy

bt —Leom) =— RN X [Ru RzlE +arc (Ru+
‘*.;

18

R
+ Rll ) + asz (fx “,.) + [lctan RN z +(Rvn:

+ i;,.) E—Ruf, —a (Ru + Ry 2

The boundary condition for the second subarea

fe(bstis — Leom' =ley - (s0)

! ) i
in connection with eg.(36) gives a possibility of determining the total time of

~tippi_ng the schema t; 4 when started by a linearly increasing voltage.
Tt is not difficult to demonstrate by a direct calculation that the period of

_..’ action of the trigger device with a triode working without satui'ation, with a for-
. ward tipping is basically determined by. the time required for transition into the
:— f:.rst subarea, i.e., by the time reqlured for changing the status of the diode in }

p—

"the_emitter. circuit o

|-

: f

process of reverse tipping the tran51t time of the systemS !
TAT

)
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0

. -1
in the area of cutoff can be neglected. Then, let us assume that, at the moment of : {

2
the starting action by the voltage at the separating capacitance, a voltage UCl has_ -

4 :
- been established , under the initial cond.i‘liion of ) j

-

lu(c) ’Ia ) ": (1

(42)

_ For the second subarea, we will obtain ‘

N

Ju(t)——l- —[R"E +U¢p—at‘t(l+ )]+dxt+

Nt .
ng ry <
+[R -’u+—;5‘+Uu—ax (1+ )]

in(t)=— ENI_R;- [RllEx + Ry Uey — ay (Rn+ 7;—'; Ru) —

RpRy

—alR,.t+[ (Rules =V = Rue—Rulos+

i

i Rn e
E +ax (Ru + Ru)] i ]
] .

where Ueb is the voltage at the emitter, correspondlng to equ:.librlum at the point b

Having determined the commutation moment of the parameters tcoml from the equa-
EL : , |
—tion . ) i

£0_] - SR
uc(tcm.) = R“i'l (tcam. ) +R“ixl (tim) T E' “': (M)

- ~! - S,

2 we will find the initial conditions for tI}e first su Jareas

(S

L

b
O

RN

(45)

u“( t‘m‘ ) - alt
e e e = 1
the solution for the first suba';ea can be presented in the form of

1
1

1 ra R,. . ! f N
: oa —_—— la (g X0 _E )+ ; (%%6)
lql (t tcpm ’.’ + rq RN ( R‘ C)

iy (boom) = Lecom, } c
com, i i

(42}
[l
]

MR

Joi

73
i
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+aet—t,)—|

ta (g Ru__ g Y]
RN(E‘R, E')

. —[(Ez2- )etra-

“‘ (t COMA)“ RN (”-*‘rd R:

—_— a;tr,(l -+ }gv‘)]'l"alrd(t— tco-u) + [RN (r§ +rd) I' ""'l+

_R_N t—leom

+(£ &_-_E'.)(r,+r.,)—anr‘(1+;—;)]e" :

‘R‘

—_— 1 -
O ) = o | BRu— ERu) 1)

R
- al”’dﬁ(Rn — Ry)) — ayr Ry, (t—tg,...)—

RwRy Ry
—[ NR:' 'l(":+f4)1,“" NR! (r + 75) E,+ (E R —
RN £~ teom,

.i . —'E Rn)(" +r)—aytr, u(Rn—'Ru)]

The action time of the trlgger device in reverse tipping tstabl is determined

from €q. (l;.b) and from the condition ,
!

’ lex (t:hh - tam )=0. ! (47)

As indicated in eqs.(37), (39), (43), and (46), the rate of the process - both
—dforward and reverse tipping in the discussed trigger circuit is determined b} a
- factor of the exponential term, which is the same for all cases and is equal to
46 __I e 3 .
. - Bvt o b
48 . ; nox ( I (ll»s)

!

As it appears from eq.(48), the action time of the trigger device, other con-

]
ditzons being equal, will be as much shorter as the_ current ampl:_flca‘blon factor of

ST!AT‘ .

i
t
]

the triode a and the. res:Lstance Ty of the potentn.al barrier_of_ the__collgctpr__b_e_t:_qz_xx_g__:
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. 'greater or as the critical frequency of the triode’ t becomes higher and the load ™~
-’ resistance in the collector circuit Ry becomes _smaller. ' :

Thus, from the point of view of reduc:l.ng the duration of intermediate processea
. in “pulse circuits, s it is preferable to use crystal triodes witha 2 high resistance™
1}, having at the same time a high ¢ and a high critiecal frequency f,. ‘Usually,
when having point-contact tnodes with high values of « and f,, the circuit in Fig.7
must be inspected whether the condition a stable equilibrium in the active area has .
|
|
~ Article received by the Editors 6 Febmar;fr 1956,

_ been satisfied.,

i
H
i
'
!
i
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__FREQUENCY FEEDBACK IN RECEIVERS OF SIGNALS WITH FREQUENCY MODULATION
i e

by

J'

2,8

REENRNERREENENE

{
D.Ya. Ifantor

o

i
i

The necessity to maintain a limiter in a FM receiver witﬁ frequency feed-

=
[&]

back is discussed, A t;ra.nsmission bénd is determined for an IF amplifier in

-
2N

such a receiver, this band being essentlail. for stability and for nonlinear dis

—
oy

tortions. The concept of optimum depth of frequency feedback is introduced,

[a
o

1. A principal schematic for a M reéeiver with frequency feedback (FF) is

S

shown in Fig.l. The voltage from a frequency detector (4) is sent through a correc—
- ting circuit (6) and a frequency modulator (7) to the heterodyne (8), creat.ing fre- |

quency modulation of the latter,

Here (1) denotes an HF amplifier,

:(2) a frequency converter, (3) an IF amp—
}iifier, (5) a LF amplifier. In case of
negative feedback, the frequency modula-
tion of the local heterodyne coincides w:.th the phase of the frequency modulation of
i _.the received signal. Thus, the IF signal has a diminished frequency deviation.’

The voltage at the output of the frequency detector is determined by the ex-

i..where k = ED,
-

£6—, E, is the voltage amplitude of the signal at the converter output,

1.) is the steepness of the frequency detector characteristic taken at the -con-'

oo imee Verter _input at. unit signal. voltége,;

L]

-

w2 —’__“__8 ds .a constant of frequency modulation of the heterodyne,_ taking the trans-S_:_ AT

i
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G e —

mission factor of the correcting c:.rcu:.t into consideration,

2, Equation (1) indicates that the frequency feedback reduces the influence of

‘.. _amplitude modulation on the output voltage. For instance, if E, DB >» 1, then

(Au) S S e - S
’ ‘i, which means that it does not depend on the voltage amplitude at the

|
_ receiver . input. E
Introduction of frequency feedback: leads also to a voltage drop of the frequen-f
cy-modulated signal at the output. This drop can be compensated by a corresponding ! i
increase of the frequency deviation in the receiver or by increasing the steepness

1"_"

_. presented by FM are increased. Only the second case is of practical importance,

!
|
_ of the frequency characteristic of the detector. In the first case, the adva.ntages ;
;
1
]

26 |
__ when the frequency deviation of the received signal remains constant. Under this ;

o cond:.tlon, a system with deep frequency feedback for damping of noises is practical ]
.. 1y equivalent to a system with a limiter (Bibl.l). :
However, eg.(1l) shows that the depthlof feedback is proportional to the ampli-~

t— tude of the input signal. If a certain signal voltage is sufficient to obtain the

ed at a higher signal and self-excitation will occur. Therefore, a limiter must be

used in a receiver w:Lth frequency feedback, A fractional detector cannot replace a

|
i

A limiter is also required in view of the fact that a shortening of the linear
. jsection of the detector, which is necessary to damp the amplitude modulation, leads
“ "to a lowered selectivity in the adjacent’ cha.nnel (Bibl.2).

In the presence of a limiter, we have

r

L x—b. - b

— where D is the steepness of the frequency character:.st:.c of the detector, taken at ‘
$2— - l

- the converter input, when the signal exceeds the threshold of ‘the limit. |

3. Frequency feedback érea.tly diminishes nonlinear distortions in the.IF amp]i-i-
- i

) F . STAT

]
i
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O e
. fier and in the frequency detector. Besides the usual decrease by (17 +7Bk) times,
" for systems with feedback, it must be taken into consideration that the signal at

'",the output of the converter has a lowered frequency deviation. Using the results

U: obtained by I.S. Gonorovslciy (Bipvl.3), it"~ can “be shown that the factor of nonlinear

distortions in the thu'd harmonic in the IF amplifier, for the same single circuits,

¢ l :
— proportionally decreases (1 + ﬁk)3 times. This expression does not take into account
9 : !
__phase shifts in the loop; it is assumed that a quasi-stationary solution is permis-
' :

i
A .o

‘sible. i |

T ' !

!

4« The introduction of frequency i‘eedback, in itself, does not change the

s:.gnal—to-nmse ratio, since the frequency modulatlon, carrying both the useful com-
l
mum.cat:.on and the interference, decreases in the same proportion, However, in view

of the statements in Section 3, the band of the frequency amplifier can be narrowed l
e ) and the selectivity in the adgacent channel can be
raised. On the basis of the condition that the

factor of nonlinear distortions of the third har--! '

monic, after introduction of frequency feedback,

remains the same as without it, the band can be

narrowed by (1 + Bk) times, This corresponds to

curve 1 in Fig.2 and to the equation

i (2)

" where (24 f)dist‘is the transmission band of the IF amplifier without frequency
:feedback, a band which is necessary for the prescribed nonlinear distortions,

The narrowing of the transmission band of the IF amplifier is limited to a

- value of 2F, where F is the highest modulation frequency (Bibl.4). -

S_}: 5. It is known that on introduction of feedback, into a system with minimum

— 1
- phas'e shift, it _is necessary (to avoid self-excitation) that_ the steepness of_the |
|

. descending branch_of_the amplitude-i‘requency characteristic of the_open_loop. should*1
\STAT .
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O e ’
not exceed a certain value (12 decibels per “octave) until the ‘transmission factor

Qe

h_] modulus in the loop does not reach unity. The necessary slope of the frequency char-
B acteristic is ensured by the correcting circu:.t in the feedback channel, but the

transmission band of the IF amplifier should not be below a certain value (2A£)
S...J i
Let us represent the frequency character:.stic of the IF amplifier as a broken

o}

~“line OAB (Fig.3), where the straight line AB represents the asymptote of the real :
i

‘:characteristic OCB¥. The steepness of the straight line AB is én decibels/octave,
~ where n is the number of circuits in the IF amplifier (the frequency is plotted on
ja logarithmic scale). The general characteristic of the loop (without the correct- ;

t . | . i
- ing circuit) represents the total of the rrequency characteristics of the IF ampli- |

Q
\

n_
fier and of the section between the frequency detector and the heterodyne frequency

modulator. Let us assume that the transmission band of this section is much broader,
than the band of the IF amplifier, so that the general fregquency characteristic re-
= _ peats the characteristic of the frequency ampliu.er. This simplification is not
only practical, but also basically permlss:Lble. A broadening of the transmission
band from the detector to the FM he’cerodyne > .1n principle, presents no difficulties ,l
_:s:.nce the IF amplifier must ensure selectivity in the adjacent channel,
The transmission factor modulus in the open feedback loop in the transmission

band of the IF amplifier can be determined as the ratio of the voltage E‘Q (at the

_ output of the frequency detector) to the voltage By (at the input of the frequency

modulator)
In the presence of a limiter, this factor is equal to

g | l a |_=S;,,,H| D\, ’f (3)

~where Spm is the steepness of the modulatlon characteristic [Af = y. (EK)] of the

1
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m heterodyne. )

___The mmmmum possible depth of feedback for optimum correction is determined ac—

_ cording to the formula (Bibl.5)

ity

(3 x)..,.,— s0ig 4 " | %)

e e e —

After simple ‘t:ransformations » we obtain
i

1

(3")..45-4013 “' +2 M (5)

|

| :

] .
!

|

where Af' is half of the transmission band of an idealized - |
!
characteristic of the IF amplifier {segment OA, Fig.B).

Solving eq.(5) for Af', we have

I
S < - |

I -
. P aFy (B X)m .
. (@8f i = 2Ex LB ,

| Ve . |

) ) z
To change to the transmission band of the real characteristic of the IF ampli-

ifier at the level of 0.7, it is sufficient to multiply the result obtained'l—)y a cer-

:tain factor b, depending on the circuit of the interstage connection and the number
__of stages . ’ }

o o

Va

It can be demonstrated that, for an amplifier with identical single circuits,
T'the value of b is determined according to the formula

i \
i |
g , b_V2"—-1 j

Equation (7) is illustrated by curve 2 in Fig.2.
. 6. From Fig.,2 it is evident that, at optimum depth of feedback ( Bk)opt the

I

" ". narrowest transmission band for the IF amplifier is obtained. _ At lesser_ depth of
, STAT
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. frequency feedback “the band must be broader to ensure sufficiently small nonlinear f
|

distortions 3, whereas at grea.ter depth, considerations of stability a.re involved,

Optimum depth of feedback can be determined by solving egs.(2) and (7) jointly.;

The’ r_é?shl"t}ih—g_foﬁriﬁI& ‘will have the’ 'éip'eét“ - o
. l

o e MV —

i
]
]
i

e N

[ !
| C =—4 A,‘-——-—:" Y X !
] bnF, ) |

l

e, The corresponding band of the IF amplifier can be determined according to

P S g—

eq-(2) é

I

For instance, for a radio transmitter with a three-stage IF amplifier on single

—_—

" circuits (a = 3) in the presence of nonlinear 0.5% distortions » the IF amplifier re-

“quires a band of (24 1)qygy = 220 ke; b = 0.51; F, = 15 ke.
Calculations and practical experience have shown that » without special diffi-

. culties > @ value of kj = 100 can be obtalned (the nonlinear distortions in the dis-

|
mcrnminator being 0.5%). Then C = 90, :
!

With sdch a high value for C, eq.(9) ‘can be simplified, to read

o

1

K+
(=]

I
!
|

1.1

For our particular data, we have ( B}e)opt

Equations (9) and (10) must be considered as only theoretical limits, Actua.lly
one has to use considerably less deep feedback because of additional phase shifts :Ln
the frequency detector and the heterodyne frequency modulator. An especially impor-‘

. ta.nt point is the fact_that it is dJ.ff:Lcult to produce and maintain in opera.tion an_

ideal frequency_characteristic of the loop, which needs a stability reserve. .The__

|

t
STAT

i

|
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0O

N ot A

-

the schematic_and the design of the receiver , the Q-factor of the limiter, and the _
4 |

. operating conditions, i . .

If it is assumed, for instance, " that the stability reserve “of the phase is 30

K

“and of the amplitude 6 decibels®, then eq.(?) takes the form

' i o eas
2Lfmm_09‘an . (7')
P : VQ‘x

—— e e e

Having simultaneously solved eqs.(7') and (2), a curve of the type shown in

hg L can be plotted. From this diagram,the op-

t:mmm feedback for the discussed example can be
found, be:.ng approximately 12,

' 7. :By introducing frequency feedback, the
transcoriductance of the discriminator and, conse-
quently; the factor kl , can be increased propor-

1
tionally. In this case, a considerable narrowing

" of the amplifier band is possible. However, it

N R

has been mentioned before that a decrease of the
]

linear segment in the discriminator band is unde-

i
3
!

Artlcle received by the Editors 5 November 1955 and, after revision, 29 August 1956.
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_ SELF-OSCILLATOR WITH EXTENSIVE CIRCUIT DAMPING

3
1
i

by

i
A.Z.Kh{aikov
|

The question is reviewed of the dependence of the form of self-oscillation

and energy ratios in a self—oscillater on attenuation in its circuit: The op-
| .
timum operating conditions are investigated from the viewpoint of power trans- i-

{
mitted to load and of efficiency. |

" 1. Introduction . l‘

With the help of a quasi-linear theory one can calculate a self-oscillator,

_..provided the Q-factor of the circuit is sufficiently high. Then the voltage in the !

- :
- __ circuit is basically created by the first harmonic of the piate current, for which

—Tthe circuit is equivalent to an active resistance. In thls case, the operating con-
i H |

A 1

__ditions for the oscillator under which maximum oscillating power P is emitted by i
—~ |
__the circuit, are determined.

The power Py, emitted in the load depends on the efflclency of the circuit

i
i

where 6 is the natural damping of the clrcuit &' the 'bota.l damping (reduced) of the
circu::b , the load being taken into con31deratlon. To maintain the ef£1c1ency of the

‘circuit near unity, the total attenuation must exceed the natural attenuation by
484

'many times, the natural damping being nomal]y in the range of a few thousandth or
45

hundredth. However, the operation of a self—osc:llator cannot be described by the
54

quasi-linear theory if this theory is appl:l.ed to high values of circuit attenuatlon.
Si— i

- Operation at high attenuation leads to a change in the voltage shape in the circuit‘

J 2 e l

—"and to a change in the self-oscillat:.on frequency. This does not ln principle meet ;

STAT
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with objections for an oscillator made for industrial purposes. However, an :I}iifz"éh';e

in 5', besides leading to an increase in circuit efficiency, may result in a cha.nge

4, !
. in oscillating power and efficiency of the self-—oscﬂlator. §
‘ ot
f " "The purpose e of this article is an i.nvest:.gation of the efféct of total attenua—:
i

tion of the circuit on the frequency and the shape of self-oscillations and on the

energy ratios of the self-oscillator.

2. Equation of Self-Oscillations

|
|
!
'n
i

Let us limit the scope to a review of a single-circuit self-oscillator with in—

] .
duct:.v'e backfeed. The equivalent circuit for such a high-frequency self-oscillator '
is shown in Fig.l, represent.lng the load by a resistance R . The resistance connec-

e e - !
—4 t.ed in parallel w:Lth the circuit corresponds to the case ;

} *l, of an osc:_llator for dielectric heating. In investigating
lcﬁ l |
R |%

.only the boundary operating condition, we assume that the

-~

- ‘ current in the circuit of the first grid is equal to zero.

Taking into account the plate reactance, we can construct

_a system of differential equations:

bo=ig +ictig, R (1)

i -I(uy)o . l . (2)

[
|
I
f
}—-—w_—— — .
. where the control voltaée is uy =u, - Duk’, with D being the grid through of the
dip _ )
u, - ——- ’ LT " .
o 3)
— du, N .
iC c d ' - : (l})
Uy : . ) 5
R R.’ . : ) ( )
(6)

{
I
!

i —M d'L'. ‘~ {
i___ . !

In the resultant system of equatlons appear only alterna:blng voltages at the

grid and at plate of the tube; the mfluence of direct voltages a.t the plate and

i
STAT
|
§
i
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G S
. grid ‘and “thus “of the » cutoff angle of the plate current is fully taken into “account

by the assignment of the function i, = f(u ). .

R

For analytical calculations, let us substltute the real characteristic of the |
- )
, plate S ourrent by a broken 1ine. Then the i‘unction £(u,) will be represénted by three

|
- segments. In the first segment whose rlght-hand boundary is determined by the angle .

— N
__ of cutoff of the plate current oL . 0; in the second segment of . S; in the third
oy Sy

.—'segment whose left-hand boundary is determined by the appearance of grid current,

; while S is the static tra.nsconductance. Since the alternating voltage on
il

the grid is proportional to the direct voltage, let us introduce a new function

u
= %fij—)- . It is evident that l
ug : |
i

{3

[en

f1(uc)="0 for uc'<U¢0l

to
n

|
|

: i) <O e 8> Uy

SEEREENN)

fl(uc) =35 (1 - "g—) for U‘-o< u, <U¢"..,

Here U o and U, j3, aT® constant values depenrl:mg upon the grid voltage at the

u
_"tube anode, determining the moments when plate and grid currents appear; I = E—; = -%

is the feedback coefficient,

The system of differential equations l(l)-(é) is reduced to one eguation
i
r T, d® 7 < 1du i
N ) A L R
3 .

N Ao Sy N

i
To generalize the conclusions, 11; is advantageous to operate with relative and

. diménsionless quantities. For this purp05e, let us :mtroduce the fo]_lomng denota-

t
§

the angular frequenc:.'y of the circuit;

the characteristic resistance of the circuit;

(

the. total attenua‘blon o.f the circuit;

the natural time of the system,

‘the wanted time ﬁmction,

De —— . ™
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u 1 .
Uc_o__ is the parameter determining the angle of the plate-current cutoff.
cgp

. l . _.‘
"Then, in its final form the equation for the described oscillator will take the’

- ’ i
. _ following forms I
i I ()

————— - - g — ——— - - P

“"+[&' "R.S(n D)o@l L opy=o,

1
v [

"":4_@5-.5-0" for y<e, - -
$@=1  for scy<l,
R12h3 for y> 1L

—— PO U A e b e v e

Since the coefficient before the first derivative in the equation is a functionf

~ of y, while the value of total attenuation of the circuit. &' in the case of high cix;-

. cuit efficiency is in the range of um.ty or more, eq.(8) has an essentially nonlinear
i

character. :
' In studying the energy dependence n_nla self—oscn_'llator. an idea as to the fom
- of self~oscillations is required. Methods which only permit detemmtlon of the '
ampln_tude of the first harmom.c of stabllzed self-oscillations, cannot be used,
-,: Nearest to the solution of eg.(8) is the method of small parameters, by Poinca.re,
::modified by A.A.Andronov, and the method of graphic plotting of curves on a phase
5“_!plane by Lenard. However, in the case of strongly nonlinear equations, ,the nethod i
of Poincaré can only give a qualltat:.vely correct solution., The Lenard 'method' can
be used for investigating thn shape of self—-osclllatlons for any ;ralue of §'. With
the help of a graphic plotting, an accurate phase portrait on a plane (y,y') can be
N obta.ned. The phase portrait, w1th help of graphic plotting is followed by a pre-
jli.minary determination of the function. For example, by plate characteristic by a
:?broken line and atudying the lower segment of the characteristic, G.S.Ramm in his

_ article nppplication Limits for Quasi-linear Methods" (Radiotekhnika Vol.9, No.l, i

L 1952;) obtained the proportion of self-oscillations. ~I~Xowever » thé Lenard method is .

unsuz.table for energy calculations » "since they are inaccurate and complex,

B e i e e i e NPT < P

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0

.When’ representing the plate-current by a broken. line, the nonlinear {;erm of T ;

) _ eq.(8) remains constant-when the function varies within the limits of a given area, 1

ﬁ*_ Ibut changes in a jump when crossing from ene area to another. Thus in each of the :

6_— regions, the equation has the form of'énl':{ne'a'r“ ‘differential -éQua:fiﬁ“ih"égé"séIﬁﬁfﬁ'x
e is extremely simple. Difficulties arise v:rhen combining solutions corresponding to

101

different regions, By superimposing conditions for the transit from one area to an-;
1“__' other, a complicated system of transcendental equations is obtained. However, by [
;_,,llnvest:.gatlng the operations of a self-osclzﬂ.lator under boundary conditions with an | ;
i _;angle of plate-current cutoff of 0 = 90° (wh:.ch is of practical interest), the solu-l
16_ tion is obtained in a simple analytical form. Then all power calculations can be '
= _ made with the above assumptions, with the desired degree of accurac, . l

i
+
]
i
!

Let us prove that the grid voltage and its first derivative in time and, conse-.

3. Form of Self-Oscillations

i
!
i
i
!

ouently, ¥ and d--y- during a transit from one area inte the other change cont:muously
) : with time. Let us base the calculation on the fact that, for the schematic in Fig, 1,
! !

—the inductive current 11. and the voltage at the capacitor ., cannot contain any

- Jumps. Then, on the basis of egs.(1)-(5) ip = -ul(', i- £[Qa - —) u ] »ig =1, -
du du 0 .
.____iL iB.’ %‘ = 1c, e =04, T dt =n Ti-% are continuous functions of time. There-

H
¢ i
¢

dy 1 dye.
ndd-r’wU .-—-—carmotcha.ngeinjumps

co O Cim at '

If we limit ourselves to a review ofithe boundary conditions at O = 900, we
= 0. Equation (8) can be represented by two

equations corresponding to the first and second areass

‘:fi+t"’y*+y;——0 y=% ot %<0

i
!

"y’+[8’-—8’R¢S(n—D)]—+ys—0 y==u af

AT AR Y AT SR ST NP L et e ¢ 4T T
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([ — ———
- The beg:.nning of the T count can be selected arbz.trar:x_'ly To simplify the cox\-

‘responding equations it _is advantageous to count t from the _Ai:qstanjt. of transitio

2
<

I'4

3 -

'y from the first area into the second and, in addition, to introduce an :mdependent :

€

variable 1] = -t with the beginnlng of the count ‘coinciding with the beginning ot _

g 2 3
the count for t; then 4y . _ and _IZ = -—— « Equations (9) and (10) will then
dT aT 1 )

10— 1

—!
. _ take the following form:

(11)

|
|
!
|

- (12)

(13)

2k, =3 R,S(n—.D)—-B’ }

The solutions of eqs.(l_l) and (]2) ij.l be

- - yx—Cxe sm("’x"-'x‘*‘?x)

| QU SR

!

=G sin(ont v,
l

" !

so that ;

.,_.Vl—m . u,._Vl—h* s

A

e e = e e

At T = 13=0, the condition of continuous function and its derivative mét be

)
i
!

dy, — dy, l .
t=0

d Tt 1‘-0 J L 4

frm e e

1

This corresponds to the equalities
! Cysing; =0,
' Cysingy =0,

-

ing1 4 Cyw1 cos gy =— Caltysingy — Cymy cosgy

1

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0

Pt —|--—r~rr‘q T

FTAIIALTIRICITLINT

O o il s e e
- from the latter equalities it follows that @3 = ¢, = O since we are seeking a

L

"~ solution at C; # O and Cp # O, and that clu = Cgu, o

l
i
At certain T T! pandT = T', the runctions ¥y and y, will again pass 1‘.h.rou.ghl

—— l

zero. Therefore, the fol_lowing cond:.tions “must be satisfied:

1

| o yx (rl)-—y.(*')-— )

!

!" dyl L — g ££.
i d A 7Y "-?] d T lt=e’

—_ - - - - .- [ U,

h,x, )
Cie “sinor; =0, where

C,e™" sinw,‘: =0, where

.'10 . s
L. G =G
Taking intc? account that c1“’1 = - 020;2 s we obtain

i
l.-- n=
e e 7,

U
— ey —_—

_from which it follows that

] b= by . . (15)

— e — ———— e ———

Equation (15) is a condition for self-excitation of the self-oscillator. Tak-

__ ing into consideration eqs.(13) and (lh) s We transform the latter equation

[:—:—:—d—“ T RS (n - D) =2,

This condition fully coincides with the condition of self-excitation acl:ording

o .
. to the quasi-linear theory for @ = 90°, :
; !

From eq.(15) it also follows that wy = w, and Gy = = Cpe

From the conditions of transit of the function from one area to another we have

‘e

-
T
——t

" 'determined the amplitude of the self-osciilations C,, since for all y< l(u
ZI- and for hl = h,, the self-oscillations are stable, However, actually eq.(15) ca.nnot
‘-'(
- be exactly satisfled At h2 hl’ the oscillations ‘will decay..and,. a'c,_Ah2 somewhat

greater .than h,, the amplitude will be l:’unlted by the bu:ld-up of grid currents,_ [
‘ STAT
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I

T "y,;__-:l

|

which corresponds to boundary condn.'bions. Let us :Lntroduce the denotations' h hl-

- in wtbye (h).
- = W, = designate the maximum function e Tg
= h2 and W wl w2 and let us gna '
= = < .E ’ ;
At acertainT * T 5 <3 . .

SOV U S e e e - e

‘ ( e'" sin et) =0.

1

1
|
oy i 2 ves a
Hence Tm=w,aerm>T, since tan ot ¢ % Thisgi
W ‘ )

h't
possibllity to calculate g¢(h) = T sin w'c for different h.

Taking eq.(16) into consideration, we will obtain for y, in final i’om,
I

T ] |
3 W= l_ e ™*sinwt, y= yl at —--:-<1<0 :

| e | : .an

=
y,==—-(l——)-e sinet, Y=Y, at 0<-=<-;—

Lo e e e e e e e

Let us find the value of harmonics i‘or d:.fferent §'. For this, we expand the

ifu.mctlon y into a Fourier series, Since the function is odd, it will contain only

’sn.nusoidal harmonlcs, their coefficients are found according to the formula

——

At

= e sinwz.sinkwrds,

= wm ) |
0 i

[ SR

i , l
i
l

e+ e e em—— == . . ’)

where k is the number of the harmonic. . Accordn.ng to the last formula we obta:.n

l
()

_ mh)hu—m

—a.-n( %+l)'

= (A O — —84%)

a =

l2u‘h e” l)
xpih) (4 — 3h‘)(16 lSh’)

Qg =
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Cmi——..

At maximum attenuation &' = 2,7

e e o e

i
i

“The" Tablé gives valiies for ¢ (h) depending om 8's ™~

- Table

A

<0

NE | N
\ _‘ ‘ o Ay
\ i /_/"”
& a6 1z % 20

£

I a7 T I T '
Fig.2 , Fig.3
+ 'i - . . i ‘
Figure 2 represents a diagram & = w( ') which shows the decrease in the fre-

50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0
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T “quency of self-oscillations at an increase'in the total atténuation of the cireuit! ™

T At &' > 2, the osc.gllations decay. A diagram for a1, a5, and 1 a5 as a function of

i .
] the value § is shown in Fig.3. l
o From eq.(17) the form of 'bhe grid’ voltage for different values of 0' ¢can be

y

§002 §-1 g8 dlrectly determined., It is sufficient to make the
1 .

calculation for y when 0 £ 7 ﬁﬁ , since y is an

_odd function.

Fiéu.re L gives the aspect of the function y
for different 8'. The function y is nothing but

!
grid voltage in relative units, The voltage of
-1

. " of the c:.rcuit s the control voltage, and the cur-
Fig.4
rent flowing through the load are correlated to

the grid voltage by proportional fzctors and therefore have the same aspect as y.

""" The plate current is equal to zero at y = O and is proportional to y at y > O.

h.. Power Ratios . ) '

According to def:mltlon, the oscﬂlatory power of a vacuum—tube generator is

+

=—5‘—idt _ 5

—— e —— e e = e e i

The voltage of the circuit, as a value proportlond. to the gr:.d voltage 5, is an

i odd i‘unctlon. Therefore, C ;

2 ot
=—.— --—’— == £ Tim d“ :
x IR, xn’R.bS\y. i

.- _-__..___..__»..___-

Uc lim

where 6' -0, y ~sintand P, -~ P
. 211211e

~ 0

The value l;" characterizes a change in the oscillating power at a
0

'

deo=—0— - (h) f( sln.t)'d':.

— — el
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¢ e e

(19)

p :
= —o. : 1
}'i"?: P_o 1

A change in the efficiency of the self—oscnllator will be characterized by the

value

— e
Yo "’l’(’l)

P in Fig.5.
The graphs for the values P 43 are shown Fig.5 ) 1

~ 0
From this, it is possible to find the dependence of the power

of total attenua-

P.p transmitted ’

to the.load and of _the. oscillator eff1c1ency ng on _the magnltude

{
Let us characteri ze these dependences_as

.—.—1

. "ation of the_circuit.

i S
= i
-

i

STAT
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c.. The results of calculations, fof a characteristic Q-factor of the circuit of

. Q= %* 100, are shown in Fig.6.

12

i
il . : |
|
|

__ 5. Conclusions . . I

14 .
__’ An exact solution for the equation of the self-oscillator according to areas,

- B .; shows that the frequency and shape of the self-oscillations
! ! .
depend on the total attenuation of the circuit. The fre- :

1

L3 ‘ i
x%. '\]i quency decreases with increasing &'. When the damping i

N\ | ' —_— s erorc!
(A {\ values approach 2, the oscillations are distinctly dn_fter-:

i
ent from sinusoidal.,

H
1
i

With an increasing 6', the amplitude decreases for

the first harmonic and increases for higher harmonics.
|

@ o e o ‘ o

e T ) This leads to a decreased efficiency of the oscillator and
Fig.5
S
2!.

of the oscillatory power, when &' increases. The diagrams
X . : )
4}:1 . of power delivered to the load and of the overall efficien-

e l
( cy of the oscillator have their maximums at certain values
n i

| '
| of 6'¢ Their location depends on the natural Q-factor of

\ 'the circuit: the higher the value of Q, the smaller are

X .
the values of §' corresponding to the maximum of the curve.
| .

Only at §' — O does the self-oscillator reach the

M4 6 v v 2

I i
- values P, o and n o? 35 given by a calculation according to |,
Fig.6 ! ’

the quasi-l:ineaxj theory. The power transmitted to the

-~ load is less than P_ ° at any value of circuit efficiency. ;

An optimum operating condition with respect to the selection of 6', will occur

when P"'n and ny are at their maa?:in?:m. " This operating conditib?xmd;pends on the in-
! i

STAT
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C.....

2—

z

. for different « values, one can evaluate the influence of the cutoff angle of the

. herent Q-factor of the circuit. However, the above mentionsd caléulatidas show™ that’
!

_ operation at Qt=5-2 2 is most advantageous. _ Solving eq.(8) by the Poinca.ré method

¢
i
1
¥

!
plate current on the extent to which the oscillating power decreases at” increasing

t
l.

8.
i 'attenuatiqn. Such an evaluation has shown that, at 8 < 90°, the power drops more °

__wWorke.

-
. rapidly than at 8 = 90° and less rapidly at @ > 90°.

In conclusion, I express my thanks to G.S.Ramm for his help in preparing this

__Article received by the Editors 2L, September i956.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0

Tomm T T
]

;
__ PROBLEM OF GENERATING, BELL-SHAPED PULSES
i

by

}
L.I.Kastal'sidy

i

1

i

The article describes a schematic for the generation of bell-shaped pulses

and gives the results of an e:q:erimerital verification of the schematic,
|

It is essential, in transmitting pulses, to know how stable is the system to inT
. (N
In view of the fact that the signal-to-noise ratio depends on the shape:

]
'
i

" terference.
and the duration of the pulse, the problem of the pulse shape requires first consid-

__eration in many cases.
This article contains the description of one system for generating bell-shaped

-

A bell-shaped pulse, described by the equation
T

P
i

| fm |

I e

QAP R,

e
i

where Af characterlzes the concentration of the frequency spectrum of a pulse, while

At characterizes the pulse concentration in time,
From eq. (1) it appears that the bell-shaped

R mR MR
c pulse is well concentrated in time.
-E' T the spectraI;L concentration of a bell~shaped pulse

~ also change‘s according to the bell law-
i

Fig.l

At the same time, -

. %.See,-for instance, A.A.Kharkevich: Spectra and Analysis (195’4)
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« i.e. 5 the frequency specurum of such a pulse is compactly concentrated.,
i

(. These features of the bell-shaped pulse are especially important when using it
i

__as a working pulse in multichannel systems of radio communications, which require a .
|

" "minimum of cross distortions, combined with a maximum reduction of mutual interfer- :

: ence by radio stations. !

When the energies of a rectangular a.nd of a bell-shaped pulse as well as their
durat;.on are equal, the signal-to-noise rat:.o will be greater for the bell-shaped |
pulse. Its frequency band will be smaller 1n this case and, consequently, at the
same signal-to-noise ratio a greater quantlty of channels can be placed in a multi- |
channel system when using the bell-shaped pulse. Moreover, a bell-shaped pulse,

compared with a rectangular pulse, has a bett.er resolving power*.

-t

] |
_ It is also known that the limit resonance curve of a multistage amplifier has |

: :'the form of a Gaussian distribution curve,' i.e., is bell-shaped, The same shape 1is

! f

:exhibited by the limit curves of the output voltage envelopes, from different-type
__packets (rectangular, bell-shaped, exponential, and others).
From this point of view, the use of al. rectangular packet cannot be justified.
Bell-shaped pulses can be obtained bs; the method of fn_lterlng the lower fre-
quencies and also by the method of deforming a recta.ngular pulse.
. Let us consider a practical schematlc for obtaining bell-shaped pulses by the
ffirst method, since the second method is nothing but the method of a band filter,

—_where the bell-shaped curve is obtained as a limit curve of a multistage resonance

— !
’ ;-_ amplifier,

at?
For different values of a bell curve f (t) = A-e”3"" 3 series of calculation

]
S

t
H

" % Here, resolving Jower is to mean a mln..mal shift in time between input pulses, -

- wh:Lle the output pulses can st:_ll be rece:.ved separately

.

STA

z
98
z
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" curves (Fig.3) were plotted and compared with experi-"

9,
[}m |

2
JEo

5k 50k 500¢

mentally obtained curves.
| i
2,_Method of Low-Pass Filter .

Although the continuity of the function e -2 does :
not assure an accurate reproduction of a bell curve
when a l:unlted number of filter sections is ava'.l_].a]:il.e,Z

already 10 sections are amply sufflclent to obtain

actually pulses nearly coinciding with the calculated !

bell curves.i

In the present case, bell curves are obtained by

using a filter of a type shown in Fig.l, in which im~
pedances are connected in sequence of their :increasin,g§
| !

}  magnitude. {

!

Figure 2 shows a tested practical schematic, con-~:
|

sisting of a four-stage filter with three sections in
t

each stage. Experiments showed that a further increase

of stages and sections is of small practical influence,

on the final' result.

Consmer:mg that the factor n has a value in the

range of ten, filter attenuat:.on is compensated by

inserting over each three sections, pulse separator
tubes of the type 6Zh3 which have an input capacrbance
in the range of 8 puf.

The’ testlng of the schematic was done under the

following cond:xtions. duration of mput pulses 6 in "

=22 ~17 sec; duration of output pulses 5 = 2,5 - 8

out
_ 1 sec; frequency of pulse sequence F = 25 kc\.

i
!
i
)

"’“ __ .As variable parameter of the schematic ,L_‘l’,hg_@q;_-_g_-_:
- ‘ Pt : STAT
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¢ e e e e e e o e — .
- tion of input and output pulses was used. The duration of pulses was counted on the :

L mo——

- level of 0,67 from the maximum amplitude. |
i :

4
o

At output, an emitter of rectangular pulses of the conventional type was used. !

) H
+
! .
.

.

Fig.3 Fig.h

|

1
'

Such a schematic gives a sufficiently good approximation of the experimental

2" _‘curve as compared to the calculated one (Figs.3 and 4).

!
|
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Y

- tion of :i;xput ard output pulggg-w-as used. The dﬁrati—_qn of pulses was counted on the

2

" level of.0,67_from the maximum amplitude, |
4} .

< —

i
- At output, an emitter of rectangular pulses of the conventional type was used.
} . .-

|

of 3 - 10 usec were obtained,

Such a schematic gives a sufficiently; good approximation of the experimental

2% _‘curve as compared to the calculated one (F:igs.B and 4).

[
t
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LETTER TO THE EDITOR

by
i .
V.S.Voyutsidy

In an article by A.Ye.Basharinov "Noiseproof Features of a Correlation Method of

M : !
" Reception" (Radiotekhnika No.5, 1956) treating the possibilities of correlation re- |

; !
I

__"special attention to correlation methods is scarcely justified", since the noise-
H {
proof Teatures of a correlation receiver are not much superior to the noiseproof
i‘eatures of the widely used and well-known receiver with a square-law detector,

I consider this conclusion incorrect and believe that it puts the readers of

The author assumes that the value of the signal-to-noise ratio at the output

I
< out characterizes the noiseproof feature of reception, This ratio is determined

S OV '.£

Comparing the ratio (-l) expressed by the ratio (—--) of various correla-

out
tion receivers with a receiver with a square-law detector, the author finds that an

. --_ mprovement of the noliseproof feature in receptlon by a correlation receiver, as-

- compared with a square-law one (in the noncoherent case) does not exceed V 2, which

- 13 certainly not sufficient and does not prove a tanglble advantage of correlat:.on ‘
DO__‘ . '
- ireception. - g ' '

However, the noiseproof feature characteristic, as accepted by the author is

‘— not sufficient to judge the comparative advantages of correlation reception over a
— -~ - STAT

N a ey g e P e e e o
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. ception, the author arrives at a conclusion based on the submitted calculations, tha‘l:;
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1 e ST
square—law reception, since it does ‘not ta.ke “{Tito consideration an unstable level of i

o

) . the,_noi._sgs and of the amplification factor of the device, which is s unavoidable under
L '
" actual conditions of reception. Exactly in this lies the error of the author.
6 e -
Actually, the mean voltage ZT at the output ‘of the correlation element, " during

“a sufficiently long observation time, does not depend upon the noise m‘bensity, while

10
_for a square-law detector we have

i
; Zr =

' 2 .
where oy is the dispersion of the noise voltage at the input. This constitutes an
i
__enormous advantage of correlation receivers over receivers with square-law detectors.

In case of reception under the condition (—) in < 1, even small changes in.
tne noise level at the detector input may 1ead to very substantial changes in the

dlrect component of the output voltage ZT These changes are not only comparable

Il

~ but exceed, in their value, by far the changes in the direct component AZT caused by
25.-4 :
__the presence of the signal, Thus, these changes are the reason for distorted recep-!l

! ! .
N ot i

_,pion or make the latter impossible. !

3% |

For instance, when (-i-) = 10 any change in noise level or in the amplifi-
’ N

:oation factor of the device, even of a negligible magnitude of the order of 0.1%,
3€_1

_will cause a change in measurement at the output, corresponding to the limit values
3g— - : ‘
 of the received signals, which will render reception impossible.

As a substantiation of the above statement, I am enclosing an oscillogram con-
. taining comparative recordings of a receiver with a square-law detector and of a re~

A_. ceiver equivalent to a correlation receiver under equal reception conditions at thei
. input, same signals, and same noises. The oscillogram in Fig.l shows I - Recortjlirig

.:’for marking the instant of appearance of the signal with a continuous background of

G ' . ,
_.noises (inherent noise of the device). This instant is marked by an arrow.

52 : . i

N —

> . % Such small ratios- (—s—) - usually are found in receivers w1th square-law detectors

s used —for-instance,—in-radio- -astronomy.— . STAT

o e e ek e o
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TI1T - Record:x.ng of Teceiver with a square—law “detector. ~IIT = Recording of receiver
T |
w:Lth asynchronous storage,_ equivalent in its noise-

proof features to a two-channel correlation receiv-:

!
' er, IV ~ Recorditig of time marks.
! .
The advantages of a receiver equivalent to a

correlatn.on receiver are evident, since the latter almost does not react to noise

2.0 !
(see 1eft side of the oscillogram until the instant of the signal) while at the out-

l
put of the receiver with a square-law detector , the noise is very intense and a de-

pendable detection of the signal frcm the background is impossible.

i

According to Basharinov, the noiseproof features of both receivers are approxi-:

mately equal; actually, the noiseproof features of the receiver with a square-law de-

|
'1 ,
REPLY TO THE REMARKS BY V.S.VOYUTSKIY

; .
The letter by V.S.Voyutskiy contests the deductions of the article and contains
i

— ’ |
__considerations indicating the necessity of taking into account an unstable level of
no:Lse and of the amplification factor, when determining the noiseproof features. It

1s admitted that the material contained in the article with respect to nolseproof
362
features , does not permit final conclus:Lons as to the relative value of correlation

3g
reception because of the assumed idealized corditions (the signal is represented by

401
__a harmonic function, the noise by a fluctuati_ng stationary process, and parameters

4o}
of the receiver are stable during the reception).
a0

No doubt, the conditions may change durlng actual receptlon. However, it must ;-
A

be supposed that, in a series of cases, the deductions concerning comparative nolse-

proof features of correlation detectors w:x_'Ll be qualitatively maintained.

i

The necessity to discount the unstable amplification factor for a raised sensit—

e -:urity is well known from radio astronomic exper:.ence. In this connection, compensat- '
-
_ing and modulating methods of reception were elaborated. The example mentioned by |

STAT
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1}

V S.Voyutskiy confirms this situation but does not g:.ve direct proof of a superiority

~
/....
<

R of correlation reception over square-law’ receivers since it does not discount the
4“ !
) ‘effect achieved by using ccmpensating or modulating devices,

A detailed discussion of the mentioned problems goes beyond the score of this
‘article. .
A.Ye. Basharinov |

o n e et e e o 2y et S e 0m
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_ S.A.VEKSHINSKIY

On his 60th! Anniversary

Sixty years elapsed since the birth and 35 years of scientific and technical a.c-,
tivities of one of the most famous of Soviet scientists, academician Sergey Arkad'ye-

1 jnch Vekshinskiy, ) i

“I: S.A.Vekshinskiy started his career :1.n‘ 1920 in the laboratory of Prof., M.M. Bogo-x

slovskiy at the Petrograd Polytechnic Inst:x.tute » where on orders of the Peoples Com-

“%nlssarlat of Post and Telegraph a.mpl:.i‘ying and transmitting electron triodes of o::i-i
; .

g:Lnal design with tungsten cathodes. i
. In 1922 in Petrograd, under the direction of M.M. Bogoslovskiy and.S.A.Vekshin-

. skiy, the Electrovacuum Plant was organized. In this plant, S.A.Vekshinskiy worked

—until 1928 as chief engineer. Under his direction, the technology of thoriated tung-

sten cathodes was worked out and the production of the then popular thoriated cathode

| i

. tubes (Micro, MDS, UT, and others) was begun

|

In 1925, S.A.Vekshinskiy organized at the plant a vacuum—chem:.ca.l research lab-

,__ora*bory and, in 1926, designed low-voltage cathode oscillographs with fluorescent
r_—screens for three colors, :

'
1
i

In 1928 the Electrovacuum Plant merge& with the electric bulb plant "Svetlana®.

" S.A.Vekshinskiy became the head of the consolidated research laboratory and carried

—_—

out considerable work on organizing pilot workshops and new production lines.
From 1928 to 1933, S.A.Vekshinskiy, with Prof. P.I.Lukirskiy as consultant,

. ;iirected scientific research on the basic problems in electm-v.acuum physics and
_di'zechnique andpublished a series of importaht basic articles, both in Soviet and )
—iforeign sclentific journals, At the same time, he played a leading role in the set-
ﬁx‘zp and development of electro-vacuum devices in the "Svetlana® pl:;.nt.

.. —..-In the years.1929-32, under the immediate supervision ot:S.A.Vekshins}dy,uthe_

. H

+anshnaAlacr A mannfantiiwd bari-um cathodes was dEVelopw.. I] . .pemitted the SOVSTAT
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.

Union to avoid acquiring a license for manufacturmg ‘barium cathodes from the Phil- |
ipps Company. At the plant, the development and production of the economical and re-
&

l

lia.ble barium receiving and amplifying tubes. UB-107, UB-110, UB-132 etc. was star‘sd.
6 -

' T In: 1934, the laboratory ‘of the "Svetlana" plant supervised by S.A. Vekshinsidy
8m'was reorganized into the Vacuum Specialty Laboratory, which, while a part of the
o .Plant, was basically a sclentlflc and technical center of Soviet electronics.
h:!_ From 1934 to 1937, S.A.Vekshlnskly dn.rectly supervised the V.S.L. and, at the
H msame time, did personal research on secondlary emission tubes and antimony-cesium pho-
___tocathodes. At the same time, he worked out and introduced the production of second-
‘_“:ary electron multiplier with electrodes in; the shape of louvres., Simultaneously he

?direoted the work of creating powerful oscillators » cathode-ray tubes, gas-discharge :

| P '

‘..rectifiers, and other electro-vacuum devices,
| t

From 1937 to 1938, S.A.Vekshinskiy was chief engineer of the "Svetlana" plant,

¥While he worked on the physical chemlstry of photocathodes, S.A. Vekshlnskiy dis-T

i

__covered in 1939 a new method of alloy study by simultaneous vacuum—deposn.tz.on of var-

1

26 l
,_1ous metals and by a subsequent metallographic study of the physical and chemical

propertles of the prepared systems.,

|

|

In the last prewar years, S.A.Vekshinskiy created a new laboratory which, during
o

—the Great Fatherland War, had been transferred to Novosibirsk. There he was highly '
32—
- active in the organization of electro-vacuum production under difficult wartime .con-
40_
dltions. At the same time, he continued hJ.s research on physical-chemical systems

' . and in 1944, published a monograph: "A new Method of Metallographic Study of Alloys'l.

—_ In 1945, he was awarded the sclentlflc title of doctor of physical and mathematl

e
28

= ical sciences, In 1946, he was elected member-correspondent and, in 1953, active ,
:. inember of the Academy of Sclences USSR. % '
fv: In 1946, by order of the government > S A. Vekshlnskiy organized the Central :
” Vacuum Laboratory; this was the beginning of the Scientific Research Vacuum Instituti

*

e e

b

—in which S.A.Vekshinskiy worked as director since its .mceptlon in 1947 up to the *

9 STAT
!
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1
|

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81- 01043R002700130004 0



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/11/13 : CIA-RDP81-01043R002700130004-0

4]
- present date.

i

S.A.Vekshinskiy created a school of Soviet electro-vacuum specialists i'or in-

dustr:.al and of laboratory use. . z
Ty

I
t
In consideration of the services of S.A Vekshinskiy in 'science and vacuum tech-i

_
nology and on the occasion of his 60th anniversary, the Presidium of the Supreme
_ Soviet of USSR granted him the title of Hero of Socialistic Labor and awarded him the

o order of Lenin and the gold medal: "Hammer and Sickle",

The Soviet radiotechnical community, marklng the anniversary of S.A.Vekshinskiy
!

jwishes him good health and a fruitful actlvlty for the best of our country.
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__ A.A PISTOL'KORS |

At his 60th Anniversary

e i E
The scientific and technical community marked the 60th anniversary and 30 yearsi

N of scientific activity of the Gold medal imeni A.S.Popov, laureate member-correspon-’
dent of the Academy of SciencesUSSR, Aleksandr Aleksandrovich Pistol'kors s one of

the great specialists in radiation, receivn.ng and channeling, of electromarrnetic 08~

]
_ﬂ;cﬂlations. i

The scientific activity of Aleksandr heksaMroﬁch began at the time of broad |

.. ; ;

“dissemination of radio communications and radiophone on short and medium waves. His
I |

_i , :
> _books and papers devoted to calculating methods for the mutual interference of osc:il-i-
t

— . . I
- __lators, complex short-wave and medium wave antennas, and antennas composed of linear

y—oscillators for other bands became widely imown and helped to create a comprehensive ,
i
method of analysis and engineering calculations for multiple unit antennas,
i

Cme The work by A.A.Pistol'kors on the t!heory of receiving leads had great theoret-

A

A
5-__ical and practical importance. His work on the theory of coupled assymmetric cir-

| ,

5. _cuits permitted determination of the curreln‘b distribution at the input resistance of
_i . L
-._assymmetric circuits, and creation of engineering methods for calculating assymmetrie

__antennas - loop vibrators, antennas with upper and with shunted feed, etc.

A.A.Pistol'kors and his students elaborated design problems of antennas with a

l
i
Beginning in 19h1+, Aleksandr Aleksandrovich published a series of works on the

l
t
}
I

In recent years, under the direction of Meksandr Aleksandronch a series of

5-—‘3important projects were successfully launched for creating rectifier devices with

— l
[ mferrlte inserts. . ] :
._'i

___The_above-mentioned work does not cover the entlre volume of theoretical. stud.ies

ALAlrcamdn Alaleandrarich, Special ment:.on must be made of his very. important. gg&r

|
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- PRI THUR ORI 2

T devoted to the-determination of parameters of horizontal leéads, located near the 5@

Iace _of the earth. x[

A.A.Pistol'kors is not only a theoretlcian of high calibre but also a talented

. inventor. He proposed widely used antennas “and measuring devices: the loop vibrator,
l I
"“the horizontal V-antenna; measuring devices for the traveling-wave ratio, reflecto-

1
!

' t

__meter, developed together with M.S.Neyman, and others,
|
During the period 1930-50 » AJA, Pistol'kors carried out extensive pedagogical

145
- work at the Leningrad Electrotechnical Instltute , Leningrad and Moscow Electrotechni-

16
cal Institutes for Communications. Aleksandr Aleksandrovich has written several

16 __ n

|
'books on the theory and technique of antenna arrays, including the textbook "Antenna

0

__which is widely used in electrotechnical colleges.

A A Pistol'kors is carrying oub consn.derable and fruitful work, coordinating

__scientific studies covering antenna desigrls and lines for transmitting high frequency‘

i
!

l

The editorial staff of the journel “Radiotekhnika" wishes Aleksandr Aleksandro—

1
30 -
__vich Pistol'kors good health and further success in his fruitful work.
321
34
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_NB{ BOOKS ___

N :
3 t

\
_M.I.Vitenb vg. Calculation of Electromagnetic Relays for Automation Devices
| ‘ cLr el ys_for Automanlon eyt
. and for Communications. Gosenergoizdat, Moscow-Leningrad 1956, L6 pages, price
ursok | ;

. The book is devoted to theoretical ques'bions and to the calculation of elec‘bro-{
i
magnet:.c relays for DC and AC in automation devices and communications, Analytical ;

and graphic-analytical methods for calculatlon of electromagnetic relays are roviewed,

the:r construction is described, and expemmental data are given on basic types of i
T i

relays for automation and communication. The book is intended for engineers and
- !

’c.echnlclans making calculatlons and des:Lgm_ng elays and electromagnetic mechanisms ’

-

_.as well as for students of electrotechnical colleges and corresponding departments.

i
M.P.Kaplanov and V.A.Levin, Automatic Frequency Control. Second Edition, re-

v1sed, Gosenergoizdat, Moscow-Leningrad 1956 200 pages, price 11 r 50 k

|
Various types of automatic frequency control systems as used in radio technical

dev:.ces are described and classified, The calculation formulas given in the book
l

_.can be used for deqn.crn:mg devices with automatic fregquency regulation. The book is
o

_ intended for radio specialists and for students of higher courses in universities,
36— .

—

Developments in Electro-Vacuum Technique. Edited by Prof. G.A.Tyagunov. Gosen-

_ ergoizdat, Moscow-Leningrad, 1956, 256 pages, price 10 r 25 k
A collection of articles dedicated to a description of types, calculation
methods , properties and physical effects in certain new types of electro-vacuum de-

v:.ces (stabilitrons, gas—dlscharge tubes for ultrahlgh frequencles s electron-beam

!
E-?._-devices, etc.). : :
- : !
30— The collection is for students and teachers in universities, training special~.| -
~ . . !
|
i
|

::  jsts.in electro-vacuum physics and technique, .and for scientific_wéx:kers of the

t

27 _'electro—vacuum_industry. _ ! M . - i
— : : - . STAT
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O e

- .V.Mayorov. " Electronic .Re-g—ufa‘l’—.b-r—s-.m ‘Gosenergoizdat, Moscow, 1956, 492 pages

poj—

{
_.price 14 r 20 k. i
i i

Elements and assemblies of electronic regulators for continuous and intermittent

__action are reviewed, including practical schemat:.cs “for electronic regulators.

8
The book is intended for engineers and technical workers whose specialty is aut-

161
_ ‘omatic regulation. i
12 I
t

i P.V.Sakharov., Technology of Designing Electric Equipment. Part I: - Features of ‘_
{

};__.besigning Electric Equipment. Technology of Conductor Parts and of Magnetic Circults.

-- _Moscow-Leningrad, Gosenergoizdat, 1956, 315 pages, price 7 r 85 k. !
| ! :

RS Special features of building electric equipment, problems of design, and tech-
: ' |

t

27 __nology are reviewed. !
2l The book can serve as an aid for stud'ents at colleges and technical schools,
Halso for instructors, engineers and technicians specializing in building electric

equipr ent,

—
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