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DESIGN OF OPTINU 1~ TW O—NI RRO R ANTENNAS WIT H THE OSCILLATION OF

RAD I AT ION PATTERN.

G. K. Gali aov.
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The introd uction

lo the specific character of the wor k of radio engineerin g

devices on wov ab le coa p lezes iapo ses defini te requirements for

antenna devices for  the t arget /purpose of th e provision for  min im u m

overall sizes and maximum e f fec t iveness .
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Is known the large number of the antenna systems of diffe rent

form. Suffic iently promising for the ccnstruction multiple function

antennas are two—mirror — aplanatic and parabolic antennas.

Aplanati c antennas possess the substantially higher scanning

properties in comparison with parabolic antennas.

However, of aplanatic antennas, just as in parabolic and all

monofoca l antennas, ha ve the fundamental deficiency/lack which

contradicts their use as the scanning antennas. Namel y, the

aberration s of suc h antennas are proportional tc the angle of

deflection of ray / bea m. Between in searching sector , all d irections

are equivalent and a decrease in the aa~lification at the ~dges of

sector leads to the loss cf information. Therefore most adequate

would be antenna system at whose aberrations would be unif orm on

entire sector of scan ning, i.e., they vculd have certain limited

value (not more that permissible, for example X/4) , not de pending on

the angle of def lect ion of ray/bean. The same is related to the IR

systems of d iscrete scanning, when antenn a form /shapes a seri°s of

the widely diverse ray/beams, symme trically arrange/located relative

to axis. Most suitable would be here bifocal anastignatic antenna,

since the know n bifocal antennas form Fencil beam only in one

section.

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Finally, it was repeatedly noted , that the aplanatic antennas ,

are more accurate, sine cond i t ion , were  developed for the  pa ra xial

region of i n f i n i t e l y  f i n e/ t h i n  systems wi th  a small c a r r y i n g  out of

source from focus. In wide—angle antennas and the oblectives it is

necessary to deal with far from such simplified circuits. Thus, for

instance, some aplanatic antenna s in their cut~ ut approach a natural

limi t, having 1:0.6 with beam width 1.1° and the sector of scanning

t b 0. Moreover , a significant deficiency/lack in the aplanatic

antennas it is, in the general case , l a rge  a s t i gma t i sm , fo r  the  va lue

of which sine condition is set no limitations , since it is obtained

for a meridian cut. but bet ween astigmatism in large measu re limits

possibilit y of scanning antennas and ofte n it is impossible to

realize the sector of scanning which is designed only on maximum

distortion $ in meridian plane.

Ln the present work is not placed the target/purpose of

investigating singirg the known versions of the optical—type antennas

with the oscillation of radiation pattern — this material can be

found in period ical literatur~. More current is represented another

to the problem : the development of the general methods  of the

construction of the antennas which could optima lly solve the

problems , appearing before radar in various areas of technology.

A
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nam ely ,  it is desirable to construct the unified theory of the

scanning optimum antennas , involving both formulation of

common/general/total problems and the pro cedure of their solution.

Are presented below some results of research carried out i n  the

direction of optimization and optimum synthesis of the scanning

antennas .

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
j
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Chapter I.

C A L C U L A T I O N  or TWO—MIRROR ANTENN AS .

The optimization of multiple—wires antenna requires the creation

of the sufficie ntly powerful and universal mathem at ical apparatus ,

suitable for analysis and synthesis of all manifo ld types of

two—m ir ro r  an tennas .

The creation of the standardized programs requires such

equations which could be used also with the numerical calculation

methods. For example, the surfaces of axisymmetric antennas can be

recorded in the form of two differential equaticns:

tt I( (K 1.~~4)~~(~ 1 .~~~~~ ~t% f t % l t  ‘t•’ ’’(~q~j~(
~ x,~t~*f— (~,- ~~

d. t 1 ___________________________________
7~7 ~~~ 

-
~~t~

_ _ _ _ _ _ _ _ _  ~ - -~---
. -— . -----— .—.- -~—
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In the general case these equation are no t solved in

quadra tu res , bu t t h e  app l i ca t ion/use, fcr example , of a m e t h o d  of

nume rical integration (Runge—Kutta) requires sc that the derivatives

d y/dx woul d be expressed in an explicit form as function x and y.

Page 6.

Most convenient for applying the numerical methods is this path:

the surface of auxiliary mirror is assigned by equation of the type

~~l 
4(~~~~~n~~ 4 l t

%* 
(
~ -~~ (I ~)~aii

t 
t ( & 4 ( 4 ~ i.iMt4 .~) 

.,

which contains o n l y  one derivative -
~~

-
~~ -— , and characteristic curve

I
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can be with any accuracy approximated by interpolotion methods ;
the surface of auxilIary mirror it is assigned in parametric form .

Further , variety of the antenna systems whose equations obtained

in different time and by the different authors , does not make it

possible to construct the unified theory of analysis and synthesis or

all scanning antennas, for examçle mirrcr type. Therefore the

target/purpose of present chapter lies in the tact that , introducing

the of single classification of axisymm etric and axially nonsymmetric

type opt ical—type antennas and obtaining fct them

common/general/total calculated equations .

~1. Generalization of the equations of two—mirror antennas .

Is know n a~ present a whole series of circuits two—mirror of the

antennas , which ar e ch aracterized by from each other mutual location

in the space of light beams at input (ray/beams of source) and at tne

output of antenna (collimated ray/beams), and also by the structure

of intermediat e light beam . namely, are known the circuits (Fig.

1.1—1. 3) of Cassegrain , Gregory, axially nonsymmetric systems and

their varieties. As is evident , in Cassegrain ’s circuit at Fig . 1.1

ray/beams of intermediate frame not the transverse axis of system , as
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it takes place in the circuits of Gregory (Fig. 1.2). The antennas ,
Constructed according to diagram in Fig. 1.3, include the elements of
both these systems.

I
Pi g. 1.1. Fig .  1.2. Fig. 1.3.

Page 7.

In this case, the antennas whose circuits are representel in figures ,

can be aplanatic , bifocal , they can have special amplitude

d i s t r i b u t i on , etc.

Each of these types of antc~nnas is characterized by from each

other also equations, but since t hese equations fairly com plicated.
in their for m it is sufficiently difficult to establish/install
reser :-b l a n c e  and the  common p r o p e r t i e s  of all t w o — m i r r o r  an tennas .

___________________________________



DOC = 77200801 PAGE 4~~

J
T*.S..~ isp~o .

/ ~S2.) *c ,,4.~v r,Ms .t/ 9f,~~m*.

-
, •

1; 
~~~

‘

/ ~.dø_~~~I ._.j t

EC.d. C

Fig. 1.4.

Key: (1). Main mirror. ( 2 ) .. auxiliary mirror. (3). zonal focus. (4).

charac teristic curve—circle.

Page 8.

In the presen t section we shall at tempt  to show , how , usi ng the

concept of charac teristic curve , it is possible to obtain ov’~r a l l

relationship/ratios for some types of two—mirrct antennas.

L ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Initially let us examine monofocal antennas , and then let us

show , as it is possible from them to pass to bifocal to antennas.

Let us examine Fig. 1.14 and Fig. 1.5. Cn the n are repre sented

twc versions of course of ray on sections a source—auxiliary mirror —

main a mir ror—a perture of system. If we do not consider the further

course of ray of outside points A and P an d angle 0, then of t hese of

two versions of course of ray exha ust whole manifold of the patterns

of course of ray in different type antennas. Actually, Fig . 1.6 shows

whol e are possi ble the versions of course of ray in two—mirror

an1~~nnas. Hence it is apparent that these versicns of course of ray

can he subdivided into two classes dependinj on the

relationship/ratio betwee n the current angle of the ray/beaus of

source and the ordinate (it is more precise, i t s  sign ) t he

corresponding ray/beams at output. namely (Fig. 1.6), posi tive 0

correspond s the po sitive  value of o rd ina t e y ,  and in the secon d ca se

- negative.

_ _I A

V N t  I

- ~~--- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Let us paint for these two most typical cases of the

chain/networ k of relationshi p/ratios, are necessary for ob taining the

equation s of the surfaces  of mi r ro r s  (Fig.  1. 14 , 1.5) :

i . e ’s  ~~~~

tco’s (f-fc ostT$’c . I
- (1.2)

~ 
R 4 ~~~IM~~~~,

- .:~~~~ ::u~~~~



~ 
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-ts~n4 4 t SL
~
1Z r .% ,

(1.3)
2.(b ~~~~~~~

•

di.
- — ~~~~ --~~ %Jb .

As is e vide nt , i n system s ( 1. 2 )  and (1 .3)  is observed t h e

difference in the second and the fourth equalit ies, and prec isely,

they are distinguished by angle. The third equality in both cases is

equal. Based on this, for the purpose of the unification of formulas ,

let us introduce the following rule: angle 0 is positive, if it is

read off from the axis of antenna counterclockwise .

Let us  assume also tha t  cha rac t e r i s ti c  cu rve  is w r i t t e n  as

L .---- ..~ -—- . . -- ~~~~~~~~
-- -

~~
--

~
—-  -

~~~
--

.
.
,.
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follows:

~ 4( ~ )~ .n q~~.

Page 10.

Then taking into account  these assumption f un d a m e n t a l  p r inc ip les  for
the der ivation of the equations of the surfaces of two—mirror antenna

can be presented in syste m (1.3), and the differential equat ion of

a u x i l i a r y  mirror  a n d  the  equa t i on  of ma in a ir r c r  let us reco rd in
parametric form:

~(~~~n~ç .2t% -4— (~-t)
(1 4)

~~~~~~~~~~~~~~~~~~~~~~~~
x ‘. Z [ z d . -~~.( i  

~~~~

~ ~~~~~~~~~~~~~~

Now in ord er to obtain the equations of two—mirror antenna , it is

necessary to only consider angle 0.
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Fig. 1.6.

Page 11.

So, if characteristic curve has fcrm

~~t 4 $ ~r~~sI T .*. —
~~

-—
~~

4 .(t
~ )1 ‘°~

a the  boundary  condi t ions  y 0 , x 0 , ‘g. d with 0 = 0 on the

condit ion t h a t  0 = 0, eq uat ions (1.4)  describe an ap l ana t i c

t w o — m i r r o r  a n t e n n a  of Cassegrain ’s type:

_______________ 
_ _ _ _ _ _
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(d.tM ~ (tDs .—~—— )~~~~
-

~~~~

~~~ ( tot —f ~) ~ 4 + (~~~5)

~~~~~~~~~~~~~~ (~“
~~ Z~~td. -1~(~~- cos p) j ‘

If 0 < 0, t h e n  under the same boundary conditions is obtained an

aplanatic antenna of the type of Gregory:

_______ ______ ~ 2~t ) ~( L  .L)14 ‘
~~‘

r sin i~ (t .4) 2

~~~~~~~~~~~~~~~~~~~ 
- t ( I - c ob q ) ] t I  

~(~t-L I ~~~ 
.
, 

(1.6)

0

a 4 o~.n

Page 12.

Let us examine one additional method of the calcu lation of the
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airfoil/profiles of mirrors , on defining concretely the location of

ray/beams in antenna .

The ray/be am , which  emerges f r o m  focus P (Fig. 1.7) at an angle

0, a f t e r  being reflected from main and auxiliary mirrors respectively

at points  A and C, it w i l l  g o on direc t/straight CD in paralle l to

X—axis.

Let us continue direct/straight CD before intersection with A?

at point B. Accord ing to the condition of problem , it is considered

that is know n the value of cut PB, which let us designate by 4 ( e )

Let us designate the lengths of cuts ?~B and BC respectively b y u

and •. In this case the airfoil/profiles of mirrors will be

determined by the following equations:

the auxiliary mirr or

? a4 (~ fl+ U  (I.?)

the main mirror

(1.8)

~ .4 (~~) Co ~~
(
~~~

-.

~

—

~

--

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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Fig. 1.7.

Page 13.

Thus, problem consists in determining of value u and ~

(1.9)

j Here 
~~~ ~ •,~~

‘ J~.t. this cut characterizes the distance between

mirrors at data points.

From triangle ABC on the basis of the  t heo rem of si ne s it is

- -----  . ———---- -- --------- — ~~~~~~~~~~~~~~~~ -- — --- -—--—----—--———-- - -- - . -  - . ~~~~~~~~~~~~~~~~~~~~~~~~
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possible to record :

6 a

~~ (1.10)

~~
. 
~IIO.lj~ 

-

Subst ituting (1.10) in (1.9), we will obtain

‘5 •~ tL-( t- tob~)4~s’~ Z sLPij001 j% 
(1.11)

Analogously it is possible to obtain

u~ [u - (3 ~ ..~ (1.12)

Utilizing (1.11) , (1.7), (1.8) and using replacement t = tg 0/2,

we will obtain the differential equation where 
~y the unkn own is tg

.

Page 14.

Equa t ion  (1.13) it is possible to rewr i t e in the  fo llow in g fo rm :



_ _ _ _ _ _ _ _ _  
- --— .- —-~~~~—-- -,-- . I
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(1.14)

Eq ua t ion  ( 1 14) is l inear  d i f f e r en t i a l  f i r s t — o r d e r  e q u a t i o n

w i t h o ut absolu te  te rm.

The genera l solution of this equation takes the following form:

t4R)

k.% j 5 ~ _ _  Ce* p 
- 

- 
___ L (1.15)

where C — integration constant .

Simplifying (1.15), we will ok~tain

~ ~ t 4 t t \
p • C~ —

~~

- — e — 

~t(I.~r1 
(1. 16)

where through ~ is designated the integral

4R~)
a ~~. 

~4() • 
(1.17)

4

Su b s t i t u t ing (1.15) , (1. 12) , (1.11) in (h i)  and (1.9), we will

_ _  _ _  
-- - -- - ~~~~~~~~~~~~~~~~~~
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obtain the expressions , which lay out of the mirrors:

the auxiliary mirror

~_ t t ( i  ,~~t)

• 
• e~ 

‘ (1.18)

the main mirror

~ s 4 ( t~~s~n~~~

4 _ _ _ _  - 

(1.19)

Page 15.

If is assigned not  t h e  c ha r a c t e r i s t i c  fu n c t i o n , but  d e p e n d e n c e

y(0), then the airfoil/profiles of m irrcrs are conveniently de signed ,

using the following expressions:

~t C ( i  • t ’)
P~~ ~~~ .e~~

( 1.20 )

,..t~’~4-- t
~~e~ + _ ~~~~~

) _ _
~~~.,

I

i - _

~

:.

~

_ ~~~~~~~~~_~~~~~~~~~~~~~~~~~~~ —- —~~
.- — --— .. ..- -

~~~
-.- -—



,
~~~~~~~

-. _ .-.
~~~~~~~~~~ --~~~~~~~~~ -- . 

~~~
..

~~~~~~~~~~~
- _ _ _ ..- - ._- -_-

—_ --
~~

..  _ _ _ _ _ _ _ _

DCC = 77200801 PAGE ~~

where the integral ~ in this case it takes the following form:

I ~ (t )

~

As an example let us examine the axisymm etric two—mirror system

whose c h a r a c t e r i s t i c  cu r v e  is described the curved second order

e q u a t i o n

4 ( t Q ) .  
~~~~~~~~ 

(1.2 1)

where  
~ 

is a focal len gth :

— eccentricity.

Subsequently it is possible to suppose that 4 ~~ •

Depending on al ter nating/variable t, the function 4(t.~ takes t he

f o l l o w i n g  fo rm:
4 ( i )  t 

~~~~~~~~~~ 

- . ~_-- .- .— - - - - - -  
._____ ._T1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —_---— -~~~
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Let us c omp u t e  in t e g r a l  ~

I • ~~ jL~y~ ~~~~~~~~~~~~~~~~~

Page 16.

After substitutin ..j (1.22) in (1 .18) and (1 .19), we will obtain

the expressions , wh ich lay  ou t mirrors :

the  a u x i l i ar y  m i r r o r

C~
_’ ( I  + 1’)

J
o 

ac t ’ ~ ~ d(3  ~ ).t].~.(i e ‘)} I.~~(4. $~ 
(1.23)

the  m a i n  m i r r o r

It
I

(I 24)

I~ 
.
~~ 4t ($ ~~ aiiI1 I

4~~t 
~~~~~~

‘ S

I
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Let us examine some special cases.

If I t I then we will obtain:

~ c.d.’( ! .L’~p 
t’(t~~- 3 ~~ +~~~.

• (1.25)

& , I~~~~ ~tt
~

As ca n be seen  f r om expr essions ( 1 25 ), by t he  a i r f oi l/p r o f i l e
of the externa l mirror is parabola.

If ~ • 0 , t h e n , as can be seen from (1.21), characterist ic

curve does not depend on 0.

Page 17.

La th i s  case we w i l l  o bt a i n  the equations , whic h lay out of the

mirrors of the axi symmetric aplanatic t wo—mirror systems:

I ______________ -—------
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Cd.’(~ • t~
~1~~~’

S 5L~fl tp •
, (r.26)

~ ~~~~~~~~ s. -
~~~~

-
~~ - d...

Let us  r e t u r n  now to t h e  problem of b o u n d a r y  cond i t ions.  There

is large interest in the case of this ccmbinaticn of the boundar y

conditions : o 0; x � 0; y ~ 0. This case corresponds completely to

t he  specia l group of antennas — axially nonsy timetric to the antennas

in  w h i ch o n the s t r eng t h of sati s f a c t i o n  of these  con d i t i o n s  t h e

axial sect ions of main and auxiliary mirrors are not perpe ndicular to

th e axis of antenna. In this case, can occur two modifications of

such antennas depending on the actual ccmbinati cn of the boundary

conditions :

(es O~ ~.O ; ~~~~~~~ 
• 

•

(1.27)

L — .-.----- ~~~~~~~~~~~~~~~ —~~~~~~~~~
_ _

~~~ 
. •~~~~~~ ~~~.
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In the first case the antenna takes the form as in Fi~~. 1 .8 ,

in the second — as in Fig. 1.9.

7
(M .

Fig. 1.8. Fig.  1..9.

Page 18.

Equiv alent boundary conditions of the type

t h e y  can be ,, o b v i o u s l y ,  also cond i t i ons :

If a~~~ , 0 , ~~~~
~ t~~~~~~

•
I ~~~~

i.e. the condition of the passage of certain determined collimated 

_— - ---•- •— _T T~~~~.T1~~ _ ~~~~~~~~~~~~~ -.— ---. _ —— .-- .—_-— -_--_
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ray/beam through the origin of coordinates.

One should note one additional important special

feat ure/peculiarit y of axially nonsymmetric antennas. Func~ iôff7’~

must be connected with angle •~ ; it is possible to utilize axially

n o n sy mm e t r i c  a n t e n n a s  of t he  d i f f e r e n t  l ayou t  when  the  d ir e c t i o n  of

t h e  m a x i m u m  of t h e  d i a g r a m  of source composes arbitrary angle with

the direction of the collimated ray/beams. But if we in t h i s  case

always  t a k e  fo r r e f e r ence  poin t  ang l e  0 g., = 0 w i t h o u t  t a k i n g  n t o

account of concret e/sp ecific/actual antenna circuit , then can be

cbt a i n e d  essential asymmetry in amplitude distribution in aperture.

So, in aplanatic axially nonsymmetric antenna the direction of the

reference point of angles 0 is ass igned a n g l e  90 + 00.

The sp ecific character of axially nonsymmetric antennas they are

also that whic h in cne and the same antenna occurs of two type s of

the ray/beams: wit h positive and negative angle 0, i.e., i n  on e

antenna there are cell/elements of the circuits of Cassegr ain and

Gregory, what cannot be in axisymmetric antennas. This is led to the

fact that at some angles 0 is necessary to pass from differentia l

equaticn from 0 > 0 to equation from • < 0.

As t h e  f i n a l  resu l t  we ob t a in  a f t e t  som e ccnvers ions:



ooc = 77200801 PAGE

for 0 > 0 (Fig. 1.lOa)

t i - A  4 2 t S ~~(If0~~ ’~ (t .2?a)
a, 

____________

here
%~ s 4~~n tp cob (ip 4~~0),

for 0 < 0 (Fig. 1. l O b )

tj • A -~~~ [ 14  5~n(I “~°‘~1 CO~~ (I~f~~~~fo ’
~ 

• ( J . 28)
- 4 ~

Page 19.

The important variety of two—mirror antennas they are the

bifocal axisymmetric and axially nonsymmetric antenna whic h

form/shape two diverse in space radiaticn patterns and have two

separate foci.  In this case, axially nonsymmetric antenna can

form/shape radiation pattern (plane front ) in ary direction , which

forms certain angle a with the optical axis of antenna. On the

strength of this property and in view of the absence of this

s u b s t a n t i a l  lim i t a t i on  as ax ia l  s y m m e t r y ,  a x i a l l y  n o n s y m m e t r i c



I
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antenna it can satisfy the condition of the formation of ray/beams of
two foci.

~2. Calculation of the common circuit of a two—mirror optica l—type

antenna.

As is known , the fundamental designation/purpose of the majority

of optical systems lies in the fact that, converting of one wave

s u r f a c e  (F ig .  1. 11)

~~

w i t h  the  amp l i t i . x le  di s t r i bu ti on

A 1 :~~ ( X ,, t~1~) (r . 29)

i n to  a n o t h e r  wa ve sur face  ~~~ ~~~~~~~~~~~~~~~~~~ 
wit h anot her a m pl i t u d e

distribution on it

~~ ~~~~~~~~~~~ (I.~~ )

[. .•.~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ U
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~~~

Fig. 1.10.
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In this case, is retained the equality of energies in the beams,

determined by these wave fronts z1 and z2

• A~ H Ji~ f L~~ , (1.31)

~ 

.~~~~~ • - - -~~~~• ~~~~~~~~~~~~~~~~~~ 
j
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where 82 1 and 8 2 2 — the second quadratic forms cf wave fronts of the

first and second.

In the pla n/layout for common calculation of two—mirr or antennas

to us it is represented advisable to examine some specific questions,

connected with the possibility of the realization of the tra nsition

~~~~~~~~ 
F i (

~~,I4 i)I_....t4t (x t ~~~ (1.52)

As is know n, two—mirror antenna can be described by system from two

equations in the partial first—order deri vatives in t o t a l

differentials:

tx~ .uI.(K~ ii~~~i ,x~’)~~1 ~ p ( ‘ , . . x 1, x 1’~ ~~
(1 .33)

Here ~ and 
~~~~~ 

are coordinates of the 1st and 2nd mirror s:

x and y — the coordinate of the fron t of source. The necessary

condition for existence of the solution of systEm (1.33) is the

f u l f i l l m e n t  of the r e l a t ionsh ip/ra t ios :

~ 
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a —
~~

--- (1.34)

a, a~ (1.34a)

It is easy to see that these relationship/ratios cannot be made

st r ict l y in the  gene ra l  case. In  t a c t , in ( 1 .3 4 a )  en t e r  d e ri v e d

~~ ~~ . ~ II1 dI 6 t
~~~~~~~~~~~

‘ T~7’  ~ I a

which  the y conta in  a r b i t r a r y  a m p l i t u d e  f u n c t i o n s .

I
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L 

‘
~~~t

Fig. 1.11.

~~~~~~~~~

I

L ~. _ _ _ _ _ _ _
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Page 22.

The f o r m  of these functions sometimes can strike such , tha t equa tion

(1.34) can not be s a t i s f i ed.

Let us e x a m i n e  the  real  case, when transition (1.33) it is

impossible  t o  c a r r y  out , f o r  e x a m p l e  w h e n  c h a r a c te r i s t i c  cu r v e  has

sec t iona l ly — c o n t i n u o u s  f o r m .

A c t u a l l y ,  if characteristic cur ve consists of t w o  “ pieces ” (Fig .

1.12), also, of points A and B ~~~~~~ then t h e  a p p r o p r i a t e  poin t  C

of t he  m a i n  m i r r o r  w i l l  h i t  t w o  ray/beams , w h i c h  mus t  be r e f l e c t e d  in

one direction CAB , that , obviously, is not possible.

The analogous case is feasible in axially nonsyinmetric antennas.

j  

In  t h e  prece~I ia g/p r e v i o u s  p a r a g r a p h  we e x a m i n e d

common/general/total approach on t h e  c alc ula t i c u  of two-mi rror

antennas , generally speaking , the sufficiently limited form , the

( 

relating to class systems, forming at output the collimated

(p aral le l )  f r a m e  or r a y / b e a m s  for  t h e  case of t h e  location of source
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a t focus .

However , d u r i n g  t he  i n v e s t i ga t i o n  of the  problem of s y n t h e s i s,

we canno t  be l i m i t e d  o n l y  by t h i s  case. T h e r e f or e  it is expedient to

e x a m i n e  also syste m w i t h  t h e  a r b i t r a r y  s t r u c t ur e  of the  f r a m e  of

ray/beams at output , t a k ing into  accoun t  the  possibili ty of the

convers ion  of t he  wave  fronts , p resen ted in t h e  be g i n n i n g  of this

paragraph.

The crea tion of such antennas makes it possible in princi ple to

pose the pro b lem of t he  ca lcu la tion of a n t e n n a s  o f wi t h t h e  u n i f o r m

single err or in the sector of scanning and cther analogous problems.

Let in Fig . 1. 13 FABC — certain ray/beam , char acte r i zed  b y  th e

c u r r e n t a n g l e 0 an d passing outof their system at an angle a to its

axis; F — focus  of a n t enna , which lies on the axis. Angle a is the

function of angle 0. By analogy with conventional systems, w h i c h

connect ordinate y of point B and angle a wit h angle • i.e.

(I • 35)
4 a 4 (tfl

I
Page 23.

L _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~. - - .~~~.
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Function 4 ( c R ’) corresponds according to sense prev i ously

intro duced characterist ic curve, wh ile function a(0) is the second

steering function. Introducing dependence a (0)  , we thereby is

e x p a n s i b l e  t he  p o s s i b i l i t y  of the  sy n t h e s i s  of two—mirror antennas.

At the same time it is necessary to note that Fermat’ s co nd i t ion

in the present case must be corrected , on the basis of the  f a c t  tha t

t h e  a n t e n n a  in w h i c h  a (0) = 0 , f o r m  not in p a r a l l e l  l i g ht  beam .

T h e r e f o r e  in the  g i v e n  case to conveniently use the more overall

relat ionship/ratio:

1. 4 e  .~~ .~~~~~, (1.36)

H ere  d depends  on 0 m o r e o v e r  w i t h  0 = 0 d ( 0 )  = d. Dependence

d(0) lays out of the wave front which is obtained at output from th~

antenna

~~~~~~~~~~~~ — M ,

whe re N = M ( a ) .

Auxiliar y equations take the form:

( I.)?)

~~~~ 
_ t cos ( t r_ . ’ .’~

t
~~; (I .37e)

2.1 -~~ - Z~b .I~~, (1.376)

L - -- . -— _______________________



— — — - ~~~~~~
--

~ 
-.—

~~~
--

~~~~~~~~~~—~~~~~ 
- - .  -

~~~~~~~~~~~

DCC = 77200801 P A G E

C — —~ ,‘

~~~ d .

Fi j . 1.13.

Page 24 .

Th~ radius—vec tor 1. of the surface of a u x i l i a r y  m i r r o r  and

a n g l e s  0 a r,J ~ are d e t e r m i n e d  by r e l a t i on s h i p :

I d t
(b. ( 1.38)

It is necessa r y  to no te t h a t  t h e  f u n c t ion ~ (0) is connec te d also w i th

c r d i n a t e  y b y  t he  e q u a t i o n  of the  f o r m

4 s~n cq -
~~ 

a ( 4 c o ~~q — P I ’)t.% .4 , (1.39)

i. e. in  y = 0 , a — r a y  = a ( O )  = 0 co r re sponds  to t h e  ax i s  of a n t e n n a

- .

~

—.-.----—---- . - -  ~~~~~- . ., . -..--— - -.-.~~--~~~~~ --—.-.--— .- ——— —— .--- ~~—-.,.-.-—— - --- -~~ . - —
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-

a n d  t he  ax i a l s e c t i on s  of mirrors are perpendicu lar to axis .

As is evident , i n  e q u at i o n s  (1. 38) a n d  ( 1 . 3 9 )  is c o nt a i n e d  seven
u n k n o w n s , a c c o r di n g  to  t h e  n u m b e r  of equations. Let us now m a k e  t h e
following conversions :

t (cos q — cos .~) - M  #~~tCoI øc.t(t o~.c.. e cos(i 1 _ ø
~~)] ,  (I. ’40)

- cos ~~ M ~~~~~~~~~~~
Cob %_ 4 co~ (2 ~

O b t a i ne d  e x p r e s s io n  ( 1 .14 0) le t  us su b s t i t u t e  in to  e q u a t i o n
( 1. 37)

(21 aL.,
+Co$ .I.

CO~ .4.].4(t. iPi ( 4
~i~fl u

~
.’)4 , d b I .M OL _ Mt

% ~~

here bLn (Zr-~.) ~~~~~~~~~~ 
a t ~tOS~~.. 4 COb (’2~~ -

~~
_) ~

I tt 2.
- ~~

_

~ 

.L_~:
- - .
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Finall y we ob ta in

ti. 4(b .~ q L ’ ~~~~~ ’~ ’- - M& ~~e~. t(b..fl ~ -IIJ .’.)’

- _ M
~~~ t o - t%- r

____________________________________________ (1.41)

- t(bL?~ q -s L r ~~~ - -~—~--~ - ~~~~~~~ ~~~~~~~~ ~~~

M a

~~

T L u s , o b t a i n e d  d i f f e r e n t i a l  equat ion for  the  surface  of

auxiliar y antenna d ish , which form s in space the nonco llimated light

t e a m .

The equation of the main mirror of t h is  a n t e n n a  it is possible

to express in the parametri c fcrm :

‘ a  t C Ob (2 - C oo I ( tT ~ 
- .(.) 

(1.42)
. i. co~~q - ~cob(2 r  - a.) . J

Solution to equations (1.41) and (1.42) requires in the general sense

the apUlication/uses of method s of numerical integration on high

speed T sV M -~~~ig i t a 1  c om p u t e r) .

I

L ~~~~~~~~~~~~~~~ ~~~~~~~~~ . ~~~~~~~.
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Let us examine , further , common type monofocal antenna , at whose

plane fron t ~t output forms angle a with vertical axis.

Let in Fig. 1. 14 source be arrangejlocated at point F with

coordinate s x 0; y = 0. Let us accept f or  t h e  r e f e r e n c e  p o i n t  of

the angles, which de termine the ray/beams of source, direc t/s t r a i g h t

F~, which forms an gle 0~ wi th the negative semi—axis y. Calculated

plane front forms a n g l e  a w i t h  v e r t i c a l  ax is  and  passes t h r o u g h such

poin t C of main mirror , f r o m  w h i c h  t he co l l ima ted ray/bea m is passed

through focus F.

Page 26.

For Fig. 1.14 Format ’s condition must ke represented in to

f o l l o w i ng  the  form :

1. 4 ( -s ~ . (1.143)

For the concret e definition of antenna, it is necessary to assign the

equation of c h a r a c t e r i s tic  cur ve 4 0 e~~~ , that ccnnects thn d i rec t ion

of the bea ms of source an d the posi t ion of the co r re spond ing

c o l l i m a ted r ay /beams y

(1.44)

Beside~ f u n d a m e n t a l  e q u a t i o n s  ( 1 . 4 3 )  a n d  ( 1 . 4 4 )  we w i l l  use a lso 

-~~~~~ -. -.- _ _ _ _ _
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supplement ary relationshi p/ratioS, namely, by the projections of the

cuts of ray/beams on the axis of coordinates and by the eq uation of

relation of the angles

a - ~~~~ 1. CD~ (If — Ifo ’)’
~’ (1.45)

~~COS ‘i- bL~ ~~~~~~~~~~~~~~~~~~~~ 4(~~_ 5s~PIc~$%
(I.45a)

a j b 4 ~~ ~~~~~~~ 

- 
(I.45b)

~

.—--

~

- --——--.- - . ---.-.. —~~~~--,-.-rn.. . -----~-- -  
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V

Fig. 1.14.

Page 27.

convert equations (1.45) and (1.45a) as follows:

(t.t -L 0 - t 0)(eob el. • bLn.~.t%.i.~~.L b Ln ( IP - l ~ ,) # tI~i.n( t fb %fef,~4~~~ ~~~~

From this eq uation after a series of conversions , we will o b t a i n
- ~~~ ~~~~ (t,. ~~~~~ ,M t%M.)+~~ 1~ ~~~I. .

The obtained value t let us substitute into equat ion (1.45)

_ ~~~~~~~~~~~-.-

-

~~~~~~~ —-. .-~~~~— .~~~~~~~- —-~~~~~~~- 
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tOI ( t t  - so -..)

~~~2r -~ ° 
..4. )

a  ~
t [~~I.I~ (Ip .Iç~~ Cs~ 1. - ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.46)

A f t e r  d e s i g n a t i n g  the r i g h t  si de of t h i s  e q u a t i o n  by N , let  us f i n d

the  expression of angle  Y th rough t h e  p a r a m e t e r s  of t h e  s y s t e m

~j~t(1~, -I)((t.ba..-N)’- (esb~
4 fl -h~(tr ~~~~~~ ~‘~4 —

~~~t 
—

-(eob .g..M~~ 4 ~~~~ aO.

The so lu t i on  to t h i s  e q u a t i o n  takes  t h e  f o r m

t(~ 
st

~ &) Ii(I 4tj4_4(4obiL-$)~-(i~ iv’ -(cob.~ -Mfl(IT-SO)a- 
t[(eoi.~..M)’ -(4 4SLfl~~.1.)~ 

• ( I .47 )

For obtaining the equation of the profile of auxiliary mirro r ,

we will use the differential equation cf standard to the cur ve by

whic h we used earlier

I &-~--a~-”s i~
Here angle ~ is connected with aagle f by equation (1.47).

L . . .~~~~~~~ .,. ~~~~~~~~~~~~~~~~~~~~~~~~~ .—~~~~ .~~~~~ J
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Then , in order to express angle ~ by the parameters of system , we

make a ser ies are converted , af ter designating the righ t  s ide of

e q u a t i o n  (1 .4 7)  by ~~

sIn (2~ .SO ) a b ~’42 j b4(l , I f  4..’)] ab

— ( b — F ’)2 4Z(b F)Fb 2j b4Pts~n~.b

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . (1.48)

Here
• cob ( I~~ — If  •u4.).,

F - 
~~~~ 

(4’ 0~~f +~ 4-~~.

We finally obtain the differential equation of profile of the

auxiliary mirror

4 
.~i. .tIL~c n ~~~

b_p h1t~t2~~4 t~~ t hE * ~~~~~ . (1 49)

This  equ a t i o n with the substitution in it of values E, F, B, ~

~

- . _  --.--——--—-
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con ta in s  t h e  u n k n o w n  p a r a m e t e r  y a n d  t h e  a n gle  a, which determ ines

the position of plane front in space.

If a = 0, equa tion (1.49) is reduced to the equation of the

profile of auxiliary mirror with the arbitrary characteristic of

cu rve

_L A~
_
~ ~~~~~~~~ 

°
~~~;‘~~~~~~ ~~~~~ — i.

1.~ 
~~ ~~~~~~~~ I.I.

~
r. t If # ‘ P\ 

4A_t [~45Lfl(IV 4~,~ 
. (1.50)

~bove we examined the systems which contained optical axis and

for the location of separate ray/beans were not superimposed any

l i m i t a t i o n s .  Let  us e x a m i ne now one p a r t i c u l a r, but important for

practice case when the ray/beams of syste m at out put are subordinated

to certain concret e/specific/actual law (Fig. 1.15).

rage  29.

Let c e r t a i n  r a y/b e a m  O B A C  e m e r g e  ce r ta in  source , o u t l y ing i n to

arbitrary point with coordinates (A, ID) and passes through the

extreme points of auxiliary and main mirror ~~~~~~ a~ d~~~(’a ~~~

Let at these points ra y/beam OBAC be characterized also by the angles
9o~ .,b 1 is  ‘

I

_ _ _ _ _ _ _  _ _ _ _  _ _ _ _
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The coordinates of point B (1f5 ,t , fb ,) are ccnnected by system of

e q u a t i o n s :

L~sLn t Ib a I ~ ~

~ ( 1.51)
j - -~~I ’ t  J.L s ~~~~~~~ ~~ 

(b1. 
. —

This syste m assigns also tangent inclination at points B and A;

therefore the angle which forms the cut of ray/Lean AC wit h the

undeflected ray/beam, there can be found from the relationship/ratio

~ :Z j~~1- Z I~~ + 9 .

/ B
~~~~~~ 1

— / ,‘2~~ ‘~~~

A ~. / /;—
~jj ;~ / /

/
7’ /

, /

* o ç,~~~ / f  C

- — 
-

I’
/ /

A

~~ L i5 i

-‘
~~

1

. .

~ 

.~~~~~~~~~~~~~~~~~~~~~~~~~~ .
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Page 30.

The coordina tes of point A (extreme point ) of main mirror are

connected by analogous system of equations:

A ~~~~ ~~ - (tco~, q~— x~ ’)t% ~..

d.-~ ________________

~ 
-

(I • 2)

t4~~ ( -~-a ’~~( w ) s~n 2 
~~~~~~~~~*

4 (
~!.

‘
~ ~~

Let us assume further that besides ray/beam DBAC , characterized

L y a n g l e  9 , there are another ray/beams, which emerge at ang les 0 8.

moreover on the Jirections of these ray/beams at output from antenna

superimpos ed certain limitation. In this case, can seem two

characteristic cases:

• ~~~~~~~~

Z~ 4

_ _  -- - - — -~~~~ - i T ~~~-—.•~- - - ~~~~~~~~~~~~~ 
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where A — the angle , at which emerges the system the ray/beam ,

t a l l i n g  i n t o  cer t3 . in  s u b s e q u e n t  po in t  F of the main mirror : in the

first case

~~~~~~~~~ ‘ ; ‘ ) ( 4 ’ —~~ )w ,

in the second case 
- _______

In both ca ses f u n c t i o n  N is selected so t h a t  w i t h  the  grow th 3~

v a l u e  a wou ld  a p p r o a c h  v a l u e  A.

Page 31.

Conclusion.

For t h e  p r ac t i ca l  s tudies  of t he  t w o — m i r r o r  a n t e n n a s  can be use d

common /general/total equations (1.18) and (1.19), which in special

cases are r educed to equaticns (1.5), (1.6) so forth. Antennas with

the complex structure of light beam at output are describe d by

e q u a t i o n s  ( 1 .4 1 ) ,  (1. 14 2) , ( 1 . 4 5 ) — ( 1 . 4 9 ) , ( 1 .5 1 ) ,  ( 1 . 5 2 ) .

Appar ently, the broadest class of antennas can be described by

equations (1.41), (1.42) taking into account the necessary b ou n d a r y

L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..
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c o n d i t i o n s, which d e f i n e  concretel y this antenna.

Chap ter II.

O p t i m i z a t i o n  of  t h e  p a r a m e t er s  a n d  the synthesis of the scanning

a ntennas.

Pre sen t c h a p t e r  is ded icated to pos ing  of  the ques t ion and  to

the select ion of the methcds of the soluticn of the problem of the

cp t im iz a tion of th e k n o w n  para meters o t  t h i s  t y p e  a n t e n n a s .  The

opti mum scanning antenna we will call suc h antenna which possesses

minimum axial size/dimension at given diameter , the  sec t or of

s c a n n i n g ,  wa velength and during permissible distortion of wave front.

In the case of the axiall y ncnsy mm et tic antenna it is possible to

talk abo ut antenn3 with minimum space wit h this radiating aperture.

In this case, by the parameters, are understood diameter D , focal

l e n g t h  4~ a n d  the  ap ical cu t  N , expresse d in the  por t ions  of the

axial size/dimension ci, and also focal c u r ve .  T h u s , o p t i m i z a ti on

unlike the procedure of optimum synthesis does not imply a change in

cha rac t e r i s t i c  c ur v e , but  thereby also form by the antenna of system.

A nal y t i c a l l y  t h i s  p rob l em is reduced to finding of the extremum of

_ _ _ _ _ _ _ _  -~~_ - ~~--~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ,--- -- - - . . . - _-_---_ _ .
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t h e  f u n c t i o n  of q u a l i t y ,  b u t  no t  the e x t r e m e  t u n 2 t l n , w h i c h

minimizes functional in the problem of optiaL& ; synt~ -~sis.

Page 32.

In chapter is not carried out the proot of the fact that the

scanning properties of ant~± -cnas depend on tneir parameters , since

this was alrea dy show n in a seties of the preceding /previou s works ,

fcr example in [1). Therefore in essence is made backstop to the

analysis of mathematical methods a n d  t h e  select io n of t h e  fu nc t ion of

quality. It is shown , that the selecticr of the fundamenta l method of

optimization is dictated by t he  c o m p l e x i t y of t he  e q u a t i o n s of

o p t i c a l — t y p e  a n t e n n a s :  in t h e  g e n e r a l  case these  are  t h e  d i f f e r e n t i a l

equations whose solution is unknown. But if we the solution in the

quadratures of this equation obtain is possible , then th~ equation of

the intersection of arbitrary ray/beam and surface proves to be

equation wi th frac~~iona1 powers (as in the aplanatic antenna s) In

ccnnection with this as the basis of the gradient method of

optimization , just as the method of least squarcs , must be placed the

numerica l iterative ca lculation methods on high speed TsVN ( UBU —

digit .al computer ].

As t h e  f u nc t ion  of q u a l i t y ,  w h i c h  is t h e  cr i t e r i o n  of t h e

optimum ch aract er of system , is selected the function of

~
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root—mean—square phase error along entire front.

§ 1 . Posing of the quest ion.

As is k n o w n , ~he t w o — m i r r o r  a p l a n a t i c a n t e n n as , descr ibed  by the

e q u a t i o n s :

I—

b~fl ’—~~— ( C O ~~~f’~ 
‘4 (~_~~_~~ ,t j\&~~

~~~~~~~~~~~~~~~~~~ tt )
~ ~ 2 [ Ld. - t ( i  — co~ p~ )

~

d e p e n d i n g  on t h e  r e l a t i o n s hi p/ r a t i o  of t he  p a r a m e t e r s  4 •~ and  N t h e y

can h a v e  d i f f e r e n t  shape  of s u r f a c e  (F ig .  I I .  1) . In  these  f i g u r e s  is

c o n d i t i o n a l l y  c a r r i e d  o u t  the  gene ra l  h o r i z o n t a l , w h i c h  co rres ponds

to c e r t a i n  d i a m e t e r  of an t e n n a .

rage 33.

It is evident that the two—mirror aplanatic anten na in the qeneral

case ca n h a v e  a n y  a xi a l  s i z e/ d i m e n s i o n  of d , any  apic al cu t  M a n d  a n y

_ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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foca l le n g th r~ • I u  each i n d i vi d u a l  case t h e  a n t e n n a  w i l l  hav e

ditferent curvature , and the diffe rent scanning properties , i.e.,
from r~ lationshi p/ratios 4.d~, &I depend the distortions whic h appear

in a p l a n a t ic a n t en n a s  w i t h  t h e  d e f lec t i o n  ot t h €  beam or t h e  c a r r yi n g

out  of source  f r o m  f o c u s .

For t h e  i l l u s t ra t i o n  of t hi s  p r o p e r t y  F i g .  11.2 an i  11.3 g i v e s

p i c t u r e  of course  of r a y  in  a n t e n n a s  with di fferent sense

w i t h  t h e  d e vi a t i o n s of t h e  t a i l i n g/ i n c i d e n t  f l a t/ p l a n e  w a v e  f r o n t  to

cne  a n d  t he  same a n g l e  a = 14 Q0

I

- . _-_.-.~~~~~ -._- -~~~ _~~~~~~~~~~~- - - —_- -  ~~ — . - - -~ - _ , _— --_ - -_ ,— - -_-
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F ig .  11.1.

K e y :  ( 1) .  M a i n  m i r r o r .  ( 2 ) .  a u x i l i a r y  m i r r o r .  (3) . charac t eris tic

curve.

Page 34.

As is ev iden t, in Fig. 11.2 occur large distortions , since 4/i. the

a n t e n n a  b e i n g  i n ve s t ig a t e d  d i f f e r s  s i g n i f i c a n t l y  f r o m  o p t i m u m  v a l u e .

Here distortions so ni.~ that the ray/beams, reflected from main

m i r r o r , no t  a t  all fall on auxiliary mirro r . In Fig. 11.3 distortions

are  less, since 
~/d 

antenna is close to optimum.

T h i s  d i v e r s i t y  of the  f o r m s  of a i rf o i l ~~p r o f il es , as in  F ig .

11. 1, not  it is c h a r a c t e r i s t i c  f o r  c t he r  f o r m s  of o p t i c a l — t y p e

a n t e n n a s , for  e x a m p l e  a p l a n a t i c  lenses , s i n c e  of  lenses w m 4  , a

t h i c k n e s s  it is a l w a y s  d e s i r a b l e  t o  h a v e  m i n i m u m .  This  is t h e  otavite

before the developer of aplanatic two—mirror antennas the prob lem of

the select ion of optimum , i.e., most adequate/approaching for  the

present instance of version .

Of w h i t  does consist  t he  s p e ci f i c  ch a r a c t e r  of lue stion? In view

cf the pre sence of the large numbe r of independent variables in given

a n t e n n a  to t h e  sys t em , characterized by the diameter of aperture D

I
_ _ _ _ _  _ _ _ _ _ _ _  ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ -- - . ,~~-.--— - ~~~~~
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and by the permissible phase error IL,, .1 a t the ed ge of t he  sector

cf scanning, real phase error can in the general case be m ore t h a n  or

less t h a n  pe rmissible .

In the first case this means that tne antenn a has t h e  s m a l l

axial size/dimension of d or large ap ical cut (411) , commensurable

wi th d; in t he secon d case of d g reat l y or apical cut (—N) is great

in absolute value.

It is easy to see that the unjustified increase in the ax ial

size/dimension of antenna is led to essential ccmplication of its

c c n s t r u c t i c n.

I

L _ _ _  _ _ _ _ _ _ _ _ _
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Fig .  11.2.

Page 35.

Let us e x a m i n e  mos t  c o m m o n/ g e n e r a l/ t o t a l  [ illey. ] of t h e

dependence  of t h e  p a r a m e t er s  —‘~~~~~~~
‘

~~ 
-.~~ — 4— , (illeg. ) it is possible

to presen t  in  t h e  f o r m  of t he  curve/graph of F ig .  11.4 , c o n s t r u c t ed

f o r  the  concre te/ s pe c i f i c/ a c t u a l  angle  of d e f le c t ion of ra d ia tion

p a t t e r n .  I n  t h i s  f i g u r e  is ob ta ined  t h e  d e p e n d e n c e  of phas e e r ro r

~~~ ~~~ for antennas w i t h  d i f f e r e n t  sense 4/~(. 
It is evident that

to each value D/1 corresponds certain determined sense 4/~ • in

which it  has smallest value.

_ _ _  _ _ _  _ _  _ _ _ _ _ _ _ _ _  —
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The phy sical sense of the extreme for m of curve/graphs (Fig.

11.4) consists of following.

As can be seen from integral curve equatiors (I.S)—(I.6), to

each va lue  4f~L cor responds certain maximum /overall diameter 
~~Id~)m&x’

in which  i t  occurs t h e  i n t e r s e c t i o n  of the  a i r f c it / p r o f il e s of m a i n

an d auxiliary mirrors. In this case, in in ter section region , occurs

also an increase in the curvature of mirrors . The refore antennas with

the diameter , close to (D/ ~~~~~~~~~ disto rtions even somew hat more

than ant enna with the same diameter , b u t  wh en larger4/d. .Therefore to

each 
~~~ 

corresponds at first decay in value in fu nction4/~

up to cer ta i n 
~~~~~~~ , an d t h e n  an increase  in the a b e r r a t i ons

prcportional to grow th 4/&

It should also be noted that the maximu m /overall diameter

~~
PP% SLII

~~~~~
44

~~~F ~~‘ -i

depends on 4/t and therefore on the curve/graphs of F i g .  11.4 , the

initia l left points of curves correspond ther eby to m inimu m values

~fa. in w h i c h  it can be obtained this r€ laticnship/ratio D/d. 

--~~~~ - -~~~~~~~- - -~~~-- -
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Fi g. 11.3.

I
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Page 37.

Are analog ously cons tructed the curve/graphs of Fig. 11.5. Here

along the axis  of abscissas, are deposi t/postponed the dia meters of

a n t e n n as, an d phas e errors are found in the function of different 4 / d ~

4 / c & , <4 / d .~ ~~~~~~~~~~ .

moreover as the constant parameter is undertaken diameter D, but not

t h e  a x ia l  s ize/ dimension d as in Fig. 11.4. Points A, B, C on

curv e/grap hs 4/ ~~~~5 , 4 / ~~~~~~~.4 / t ~~ correspond ~~~~~~ ; the b roken sec tions

cf curve/g raphs 4 / d ~~~~ they m ean that ~~~~~~~~~~~~~ these c u r v e s they

lie/rest beyond the limits of t h e  values in question.

From Fig. II. is a lso ob s e r v a b l e  the e x t r e m e  c h a r a c t e r  of t h e

dependence

oL

Actually, at the selected value AL/D and the angle of deflection of

r a d i a t i o n  p a t t e r n  a , can be f o u n d  t he  m a x i m u m  v a l u e  D/2 d , to w h i c h

co r re sponds  c e r t a i n  sense 4 /t .With o thers  D/d the error ~ L/ D  can be

even t h e  less permiss ib le  va lue , but  t h i s  so on ratio 0/d will also

be less t h a n  opti m u m  (v e r y  “th ick”  a n t e n n a ) . 
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One should  e m p h a s i z e  t h a t  t h e  e x t r e m e  c h ar a c t e r  of dependence  ~ L

on t h e  p a r a m e t e r s  of a n t e n n a  is t y p i c a l  o n l y f o r  t w o — m i r r o r  an t e n n a s

w i t h  bo th  n o n p i a n a r m i r r o r s  ( p a r a b o l i c  a n t e n n a  it can be consi dered

as t w o — m i r r o r  a n t e n n a  w i t h  t h e  f l a t/ p l a n e  a u x i l i a r y  m i r r o r ) .  The

phase error in single—reflec tor antenna takes (schematically ) this

fo rm , as in  F ig .  11.6 , i.e., t~L is u n a m b i g u o u s l y  connected wi t h t h e

f o c a l  d i s t a n c e  of a r ~t e n n a  atou t given diameter.

The ex t re m e c h a r a c ter of the  de pen den ce A L ~~~.i on the

pa ra me ters of a n te nna forces  to reex a m i n e  a p p r o a c h  to t he me thc d s  of

assignment of antennas. Let us examine several examples.

1) It is assigned: the diameter of antenna D, maximu m error

anu the sector of scanning. If antenna must only satisfy these

requirements , t hen , according to Fig. 11.5, a re  s u f f i cient to take
d.

.~~~~ 4 suc h , so that woul d provid e the condition ~~~~~ ~ A L t .
~~ 

( a O ~~~

Page 38.

For the construction of optimum antenn i , i~~ necessary

unambiguous solution, which will ccrres~ond D,~: = ma x . in condition

‘ A L C ~‘ a.n~~

_ _ _ _ _ _ _ _ _ _ _ _  -.~~~.--—- , . ._~~~~~~~~.~~~~~~ -._ _ _ _ _
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2 )  It is assigned: the diameter of antenna D, m a x i m u m  e r ro r  A L  
~

an d the requirement so that the sector of scanning would be maximum.

This  f o r m u l a t ion  of  t h e  p r o b l e m  does n c t  p r o v i d e  u n i q u e  s o l u t i o n .

A c t u a l l y ,  if t he  a x i a l  s i z e/ d i m e n s i o n  of a n t e n n a  d is not  l i m i t e d ,

t h e n  can be p r o v id e d  a n y  r a t i o  O/2~ (beam w i d t h  to  t h e  sector  of

s c a n n i n g ) , w h i c h  w i l l  o n l y  en s u r e  t h e  g e o m e t r y  of a n t e n n a  — t he

r a y /beam s, r~ tlect ed from main mirror , th e y  mus t hi t to a u x i l i a r y

mirror.

§ 2. Optimization in initial approach /apprcximation.

U nder  ter n “ s olu t i c n  of t h e  p r o b l e m  of t h e  o p t i m i z a t i o n  of

o p t i c a l  sys t em ” l e t  us i m p l y  t h e  process of f i n d i n g  such sys te m at

whose c omb i n a t i o n  of t h e  k n o w n  p a r a me t e r s  d , f , 0, 11 p r o v i d e s  t h e

m i n i m u m  of t h e  s t a n d a r d  d e v i a t i o n  of phase  e r r o r  £L e k S  w i t h  respect

to e n t i r e  aper t ure , or the minimum of maximum deviation trom the

ass igned m a g n i t u d e .  In t h i s  case , one s h o u l d  ccns ider  t ha t  the

p r o b l e m  to o p t i m u m  doe s no t  a s sume  f i n d i n g  t h e  p a r am e t e r s  of t h e

a n t e n n a s , w h i c h  e n s u r e  t h e  m aximum sectcr undistorted scanning (i.e.

th e minimu m 
~~~~~~ 

w i t h o u t  a n y  limitations). In a number of cases,

it is to important construct the antenna system which with the

assigned sector of scanning and the permissible va lue of aberrations

I

-- --

~ 
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mus t  have  m i n i m u m  a x i a l  s i z e/ d i m e n s io n .

I

~ 
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Fig. 11.6.

Page 39.

A) cine condition [ 2) . .

The  f i r s t  t a s k  to e x t r e m u m  f o r  s c a n n i ng  s y s t e m s  ( i n  in i t ia l

approach /approximation ) was solved during tue derivation of s ine

condition. In this case by differentiation of Seidel’s e ik on a l

it is possible to d e t erm i n e  thos e c h a n ge s  w h i c h  u n d e r g o  the

coordinate  of  t h e  p o i n t s  ot i n t e r s e c t ion  of r a y / b e a m  w i t h  i m a g e  pl an e
( ~•

Fig. 11.7) and with the plane of the pup il cf inpu t ~ • ; in

c om p a r i s o n  w i t h  t h e i r  v a l u e s , c a l c u l a t e d  a c c or d i n g  to  t h e  d i o p t r i cs

of Gauss. So, if w e for Schwartzschild’s eikonal find derivative in

the f o r m

. ------ ~~~~~~~---—~~-.
. - - - -~~-—~~~ -.  — 
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(fl•~)

and to consider that some members in right side (11.2) are total

d i f f ~~r .?n t ia ls , f o r  e x a m p l e

— 
~~~~ 

0 0 +~~0d~~~~1.~~,~ ~~~~~

then instead of W we will obtain function ~ — Seide l ’ s e i ko a a l

6 iw . 2
M0~~ 

~~~ 

-~~~~~--. .. -- - - -~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -. . —4
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F ig .  11. 7.

L 

Pa ge 4 0 .

From equation (11.2) it follows

- 4 ( 
~ -

or i n  anot h e r  form

- tb 
~ d~~0 • ~~~ ~4o  

— _____

(0.3)

~~ ‘
- 

~~~~ 
,4 . . 

~ 
- 

~~
=-

Thus  w h e n  is a s s ign e d  the f u n c t i o n  of  Se ide l s o ikona l b ( ~~0 ,~~ 0 ~~,

,) i.e. i t  is a s s ign e d  t h e  p a t h  of t h e  r a y ,b e am , pass ing  t h r o u g h  t !~~

g i v e r  p o i n t  of obj ec t  space a n d  t h e  g i v e n  p o i n t  in t h e  p i a n o  of t h e

p u p i l  of o u t p u t , t h e n  of it it is p o s s i tl e  by  d i f f e r e n t i a t i o n  to

d e t e r m i n e  ‘hose c h a n g e s  w h i c h  u n d e r g o  t h e  c o o r d i n at e  of t h e  p o i n t s  or

I 

.-.-
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i n t er s e c t i o n  of r a y / b e a m  w i t h  i m a g e  p l a n e  and  t~~e p l a n e  of t he  p u p i l

of i n p u t  i n  c o m p a r i s o n  w i t h  t h e i r  v a l u e s, calcula ted acc3rlirig to the

dioptrics of Gauss. Equations (11.3) give the representation of a

c h a n g e  in t h e  c o o r d i n a t e s  of rea l  focus  i n  c om p a r i s o n  w i t h t h e

c o o r d in a t e s  of G a u s s i a n  focus .  I n  c r d e r  to  o b t a i n  n o w  s ine c o n d i t i o n ,

let us f i n d the  ~ x t r e m u m  of t h i s  f u n c t i o n , a f t e r  t a k i n g  t h e  second

d e r i v a t i v e  of  e i k o na l  i n  t er m s  of coordinates and  after equati ng to

i t s  zero.  F o r  t h i s , a c c o r d i n g  to  S c hw a r t z s c h i ld , let us m a k e  t h e

followinu conversior~~: of equation (11.3) let us compose four

deriva~~jve s of the second order of ~ in t er ms of each of v a r i a bles

Yo . z0, ~~ . ~~~~ . Differ entiating with respect to and Yo , we w i l l

o b t a i n :

- _______ ______- - 
~~~~~~~~ 

‘ ~~~~~~~~~~~~~~~

(fl .4)
_____ - 

d~~~s d.a
- ____ - ______

differentiation with respect to ~ and ,~~ 
gi~ c~s:

- ~~
‘
~p _____ ____ - — ______ .-

- - - ______

d.c1 i~;~~ ;,~; d~~, 
- tc, d.~0

Pa ge  4 1.

. - --

~

..
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Knowin g these derivatives , let us determine now condition which

m u st sa t isf y Se i d el ’ s eikonal so that the pcints on t h e  ax is in ‘he

plane of object/sublec t and images would fc~ m stigmatic pair (imag .-~

ct point i t  is o b t a i n e d  s h a r p )  . According to this requirement , if Yo

= 0, then must follow which Yi = z1 C, m ore over on t h is p a t h

ray/beam mus~ pass of one p o i n ’ into anot her , i.e., independen t of

va lu es a nd ~~ . Then from (11.3) follows that the equat ion:

I d~s \ í d~.s ~
~ ~~~ ci (11.5)

must be satisfied at any values Then let us require so tha t not

cn l y the points on the axi5 in th e plane of object/sublect , but also

their surrounding cell/elements of surface wou ld be

reflect/represented punctuall y. An alyticall y t h is cond i t ion  m e a n s

that the condition of the dioptrics of Gauss 
~~~ 

= = 
~~~ 

(real

tocus co inc ides  w i t h  f o c u s  of Gauss )  i t  m u s t  be f u l f il l e d  not o n l y  a t

p o i n t s  y~ = y~ = b y  0; z 0 = 2 1 = 0 , bu t  a l so  f o r  t h e  low v a l u e s  Y e .

z 0, w i t h  an accuracy down tc the terms of high er orders, i.e., that

t h e  e q u a t i o n s

~ 
t 

_
~?L 

a 0

mu st be sa t i s f i ed  b y v a l u es Y e = z0 = 0 at arbitrary values and

ç 

a 4 .  a 

~ 4~ 
.0,

I

L -~~-— .--.—_--—.--_

. -

- - -  -—- - -_ .. - -
~~~

-- - ---
~~~~ 

- .  . i .
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These equations can Le integrated , morecve r constant integrations

w i l l  be d e t e r m i n e d  by  t h e  f a c t s  t h a t  t h e  r a y / b e a m , w h i c h  coincides

w i t h  ax i s , do es no t un de rgo r e f r a c t ion , i.e., w i t h  P~ 0 
a~~~ = 0 m u s t

be ‘~. = = 0. Thus , we obtain

(11.6)

Page  ‘42.

This means that if two perpendicular tc the axis of the cell/element

of t he  s u r fac e s , w h i c h  s u r r o u n d  st i q m a t i c  to  p c i n t  on t he  ax i s  ~o L 0:O

a n d  y 1 = z 1 = 0 , m u t u a l l y r e f l e c t/ r e p r e s e n t  e a c h  ot her , t h e n

coordinates in the equation of Seidel’s eikona]. ‘
~ ~ must be equal for

each pair of the conjugated/conbined ray/teams , passing throug h botzk

s t i gma t ic poin ts. i.e., ‘hese ray/beams they must encounter the

pupils of inpu t and output at the ident ical given distance from axis.

For th e m a jor i t y  of opt ical  tasks , t h e  s ine con diti on is

exhausting for the adjustment of coma , s inc a in  op tics t h u s  f a r  s t i l l

does n ot s tand  so shar p ly the ques t ion of op t im i z a t ion f o r  each

concrete/specific/actual case. However , t h e  a p p l i c at ion/use  of

ul trapowerful—light wide—angles lens alread y is placed on agenda  a n d 

~~~~~...
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this question.

By ana log y wi th the g iven  me thod i t seems to us t h a t the task of

optimization in parameter it must be scived alsc in the plan/layout

f o r  f i n d i n g  t he  e x t r e m u m  of f u n c t i o n

Here are coordinates of the intersection of ray/beams

wi th focal plane; x 2, Y2 — t h e  c o o r d i n a t e  Ct intersection with plane

cf aper ture; A — involves the constants of System.

D i f f e r e n t i a l  d.6 i n c l u des v a r i a t i c n s in Seidel’ s e i k o n al  wi th

respect to the coordinates f system , n a m e l y ,  zcnal aberrations ,

i.e., the devi a t ion of the real coor d i n a tes of ray /team s f r o m their

ideal (in the absence of aberrdtio rls ) of value.

Search for the second derivative , i.e., f i n d ing the  ex t r e m u m  of

f u n c t i o n  ~~ accord in g to p a r a m e t e r s , has a ser ies of spec ia l

feature/peculiarities in comparison with the analogous procedure ,

used dur ing the .~~ riva tion of sine condition. Specifically,, abbe

sine condition is obtained for the case infinitesimal deviat ions of

representative point from the optica l axis cf system; the derivation

cf this condition is implied no concrete/specific/actual diagram of

optical system (lens, mirror , ax is ei t he r  a x i a l l y n o n s y m m m t ric ), a n d

that more is not considered such parameters as a x i a l  s i z e/ d i m e n s i o n

IL _ _ _-

~~~~~~~~~~~~~~~~~~~~ 
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d, diameter D/d , t h e  apical cut M/d or tocal length 4/d. an d th e a n g l e

of the oscillat ion of radiation pattern 9.

Page 43.

Fur the rmor e, deriva tion itself is based on the approx imation

meth ods of the theory of the aberrations of tle third order: in this

a pp r o a c h /a pp r o x i m a t ion of the s u r f a ce of sy stem can be g iven  no t

higher than second order equation (sphere , parab o l oid , hyperbo loid).

Let us examine another series of the anaicqous ways of

cp tim ization in an examp le cf the investigations of derzberg, such ,

as a n a l y s i s ot the con dit ion s of the shar p i m a g e  of the c u r v e  of l in e

an d element of volume. The derivation of these conditions is based on

cosine law.

E) The c o n d i t i o n  of  cosines [ 3) .

Being turned to the derivation of cosine law , let us visualize

t h a t  in  objec t  space , i n  m e d i u m  w i t h  r e f r a c t i ve  index  n , as is

conven ient ly arrange/located the element of line t&~ a in image

space , in medium with refractive index n’, is found the element of

______ _____ ___ --—
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l ine  tU 1 
~ A’A~ con jugate/combined with ctll/element d.t . it is

necessary to refine: here word goes with coupl ing in the sense of

cp tics of Ga uss; in this case the point image •f each point of

cell/element d..t at the appropriate point of cell/element dA1 it can

an d not be. Onl y for con jugate points A and A ’ we wi l l  ass u m e  t he

condition of point image carried out , i n  consequence  of w h ich mus t  Lie

correctl y the expression (Fig.. 11.8).

I 
~~~~~~~ ( f l .? )

We assume, therefore , tha t opt ical pa ta leng th is cons tan t along

all ray/bea m s, which connect points A and A’ . Cur task Consist in

Eoin t image being propagated to all points of clement d.t , and

cons eq u e n t ly and to point A 1.
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Fig. 11.8.

Page ‘44.

Let us v i s u a l i ze f u r t h e r  on e of the r a y /bea ms , w h i c h  conn ect

a c c o r d i n g  to c o n . li t i o n  A A ’  const , point A and A’ , for example

ray/beam A BCA’ , which passes in its path through optical syste m (not

shcwn on drawing ) and the forming with cell,element d.t angle a, but

wi th cell/eleme nt c&e’ — angle ~~~
‘ . Let us conduct through pcint A 1

ray/bean A 181C 1 A’ 1, par allel to ray/beam P18 in space of objects. In

i m a g e  space , r a y / b e a m s  C A ’  and C 1 A ’  no t  to , bu t t hey cross

t h e mse lves, without intersecting.

in object space, let us d rop/omi t  f r o m p o i n t A 1 perpendikul4r

A 18 to ray/bea m AB . Both ray/beams A P and A 1 B 1 are normal to cut A 1 E.

Therefore the latter can be considered as segmen t  ele.e nt , w h i c h  lies

on cer ta in  f ixed/r eco rded  wave surtace. Let further in the image

space of cuttings oft CC 1 repre~;ent the shor test distance between the

la ttice—type ra y/beams CA ’ and C,A ’ 1. Accor ding to the known theorem

L _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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of s tereom et ry , it is possible to assert that bcth ray/beams CA ’ and

C1 A 1 ’ are n o r m a l  to  the short est d istan c CC , between them. The refore

also segment element CC 1 can be considered lying on the

tixed /recorded wave surface as standards to which serve ray/beams CA’

and C1A’~~.. According to the law of tautochronism , the optical  leng th

of course of r a y  betw een w a v e sur f a c e s  an d CC 1 is constant. Therefore

BC = A 1C 1.

We want so that the image of point A 1 w o u l d  be po in t . In  t h a t

case according to the ccndition of the formation/education of point

image , m ust be fulfilled the following expressicn:

.

Here sta n ds to t he  r igh t  t he consta n t , difterent from constant in

ex pression AA ’ = const.

Using  d r a w ing , it is possi b le to w r i t e

~~~~ .~~‘t ’A 1 ICOfl~~ t

Form ula AA ’ const , also can be presented in the form of the

expressi on

s~~ 4jbC ~~ 4 ,r~
’CA ’ a c,nit.~ . (11.8)

Page L~5~

From point A~ let us drop p e r p e n d i c u l a r  F~~~ ’ to ray/bea m CA ’.

L - .~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Cut CA’ can be presented as difference in cuts CB’ and A’ 8 1.

T h e r e f o r e  we will obtain

~~~~~I • r~
’ c& * ri ’A’

~~ a cor~..t,.

CB’ there is a distance between the end/leads of the

perpendicu la rs , om i t t e d  f rom ends ot  t h e  cut  C ,a~ to r a y / b e a m  Ce ’ .
C, A

Therefore cu ttings off CB’ there is the orthogona l projection cf cut,).

on ray/beam CB’ and is expressed by the formula

a C 1 A cii dy aC ,A
’,.

Here d r is i n f i n i t e s i m a l  a n g l e  b e t w e e n  r a y/ b e a m s  A ’  and  C 1 A ’ 1 w h ose

cosine differs from unity Ly negligible higher crder quantity. As a

result of t he  f ac t  t h a t  BC = A 1C, and CE’ = C I A’ I cos d~- .

expression (11.8) is writte n thus:

n A b  4 A , C~ • n’ C , A ’
, n ’

~~
’ b ’ .

D e d u c t i n g  f r o m  it the  exp r e s s ion

A ,f, •~
‘C ,A : ~~~~~~~~~~

we f i n d
I I— Pi A b i

Here dC is the constant , differen t from preceding /previous.

From triangles A BA 1 and A’ B ’ A ’ , it is possible to obtain the

e x p r e s s i o n s :
AC

a ~.re0~ e(.’~.

~e 
. . I I I  Icau se of this let us find from formula n -nAb ~n.c, that

I

_ _ _ _ _ _  
-~~~ . . .~~~ . . - -
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This  be cosine law , A. Conrad i ’s f o r  t h e  f i r s t  time obtained .

Page 46.

H o w e ve r , i n  this form t h i s  law little befits fcr practica l

a p p l i cat i o n/ u s e , i n  t h e  f i r s t  p lace , because  in  i t  t h e y  ar e  present

inf initesi ma l cuttings off tt and dt ’ and , in t h e second place ,

because in it is the indefinite constant dC.

To remove from this expression infinitesim al values is possible

by its term—by --term division on • In this case, one shou ld co nsi de r

that dt’/a.t th ere is linear magnificatio n V in the opt ica l system , a
d~c/ dj

— s-he certain indefin ite , b u t  f i n a l c o n s t a n t  C. Thus , we w i l l

cb tain the second f crm of cosjr.e law

n cvi n’ rca •

E l i m i n a t i n g  f rom these express ions  v a l u e  C , we w i l l  o b t a i n

~~(C O a~~ .tOb~~ 0 ) n ’ V ( ~ o~~~

For imparting to cosine law of more symmetrical form , is solve d this

equation relatively V:
ptc Os ~~~~. - tOb~’~V a T~~
j

~ I r.i .’~ 
(11.9)

. ~,-- - -~~~~
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Th is expre ssion of cosine l aw  I L L  the most convenient for prac t ical

a pp l i c a t i o n/ u s e  f o r m .

To cosine law , a n d  a l so  an d  b y  o the r , c b t a i n e d  f r o m  i t  in l a w s ,

is been i n h e r en t  o n e  speci a l pr oper ty w h i c h  h e r e one s h o u l d

ph a s~~ze. F i r s t  of a l l  let us n o te  t h a t  ccs in€  l a w  is fulfilled in

such  a cas e, w h e n , s u b s t i t u t i n g  in f o r m u l a  (11.9) al l  poss ib le  p a i r s

cf the val ues of angles a and a ’ w i t h i n  t he l i m i ts of t he f ocal

aperture of this optic al system , we from this formula w~ will obtain

a l w a y s  one and the same v a l u e  of linear magnification in V. For us it

is necessary  to o p e r a t e  o n l y  w i t h  r a y / b e a m s , whic h connect points A

a n d  A ’. Put in this case cos ine  l a w  m a k e s  it possible to judge the

q u a l i t y  of t he  i m a g e  of  p o in t  A 1, w h i c h  l ies on the  o t h e r  end/ lead ot

t h e  cu t  d f  , aside from course of r a y ,  w h i c h  connect  p o i n t s  A and

A’ ; if cosin e l aw  is carri€ d out , then at point A ’ 1 w i l l  be reache d

t he  p o i n t  i m a g e  of p o i n t  A 1, o t he r w i s e  — i t  w i l l  not  be.

Pag e 47.

Possibil it y to judg e the corr ec t ion  of ab e r r a t i o n s  at t he poin ts,

ly in~ on t h e  r a y / b e a m s  whose course  t h r o u g h  the opt ical system is

designed , makes it possible to decrease the space of the

c o m p u t a t io na l of w o r k s , spen t during at new optical system s. A l t h o u g h

the applicat ion/use of electronic compute rs makes it possible not to

. ,  .~~~~~~~~~~~~~
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f ea r  complex  a n d  t e d i o u s  c o m p u t a t i o n s , t h e  ~ i m ~. l i f i c a t i o n  in  t h e

w c r k , i n t r o d uced b y  cosine l a w , remains very va lua~~1~- for .i

o p t i c i a n— d e s i gner .

One s h o u l d  r~~cal1  t~iat  as t h e  prereq u isite/premise of t h e

derivation of cosine law se r ves satistaction of the condition of

formation of point im age for on~ pair ct conjugate points A and A 1

Th e observance of cosine law propagates the accuracy of image to the

whol e conjujated/coinbined linear cell/element s Ut anddi ’ •Bu t if the

indicated ~rerequ1site/premise in cptical system is not carried out ,

then cosine law loses sense.

Law of cosines ~-a sily it is conver ted into the law of sines with

the location of the segrl~- nt elements Ut and Ut’ , sho wn on d r a w i n q

(Fi’7 . 11.9). T~ e end points A and A’ of these cuts (for these points

is satisfied the con~~ition cf the formation ,education of point image)

lie/rest on the optical axis of system , and c u t t i n g s  off themselves df

aad (t’ are pe r pendicular to o~~tical axis . In the more general case

it is p o s s i b l e  to s u p p o s e  t h a t  t h e  r a y/b e a m on wh ich lie/rest these

r o i r t s , does n o t  u n d e r g o  f r a c t u r e  w i t h i n  s y s t e m  a n d  is at leas t t h e

axis of the symmetry of the section in question . In order to achieve

F. oint image also for the off—axis end/l€ad~ o~ m d  of these

:uts , is necessary the fulfillment of cosine law.

L. - .- -_  -- .. _ .- ,_-~~~~~~~~
-_  ,.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Fig . 11.9.

Page 4~~.

Since on drawing t h e  angles, formed by ray/beam s w it h cuts d.t and A

are  d e s ign a t e d  in le~- t e r  £
, 

and , t a k i n g  i n t o  accou~~t t h a t  t he

re la t i cn  Ut’ fd .~ i n  t h i s  case r e a ll y / a c t u a l l y  is l i n ea r  m a g n i f i c a t ion

in t h e  opt ical  s y st e m , we w i l l  o bt a i n
,, coa L — c o ~~c~0V • —~r cos t’ - c0a~,, 

(11.10)

From drawing evi dently, angles E~ a n d  (~‘ supplement angles a

and a ’ to 90°. Therefore

V ~ _________
._

~~t_ 
~~~~~~ -~~L

For determ ining angles a0 and a’0 let us selec t initial ray/bean

so that it would coincide with the oj:tica l axis. Then both ang les a

and a ’ 0 become equal to zero, and ‘he expression is simplified.

V i
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Th is is a kn own f o r mu l a t ion of the law cf s ines, derived E. Abbe. The

cbservance of the law of sines conditions t n e  pcint image not only of
Ut

one s eg m e n t element &e , but whole surface element ab - ut by a radius4

cf ~—rpend icular to optical axis system.

C) the condition or the sharp image ot segment cf curve ~ 3 J.

Let us examine turther the law of the sharp image of more

comp lex ob ject — segment of curve. This l a w  it is convenient to

derive/conclude , on the basis of the exami nation of the

common/gen eral/total task of the constructicn cf course of ray in

c:tica l syst~~m.

Let us suppose t h at  each p o i n t  of c u r v e  &(t~ sh ar p l y  is d ep icted

at t’~e appropriate ~oint of curve ~~~( ‘t )  (Fig. 11.10) .

Let ~~(u , v )  a n d  ~‘ ( u . t T )  d e s i g n a t e  t he  d ir e c t i n g  v e c t o r s  of t h e

corresponding ray/beams in th~ object space and images for the fixed

value of t.

-~~~~~~~ .~~ -- - - ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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A c c o r d i n g  to law the farm/truss , optical pat h length between &(t~

and &‘(t.’) is f u n ction onl y t and does not depe nd on u and v. We have

~~~~~~ 
-~~&~~• E~~ .

Page 49.

Let us  i n t r o d uce a r c  l e n g th s  i- and 
~~ c u r v e d  r e s p e c t iv e l y  in  the

object space and images dOd an “in crease”

m. ~~‘t
’ / d c .

Further , let t and t’ be the unit vectors , tangential to curves

and ~~
‘ Then we have

- • ç
Introducing angles ~ and L’ between ray/beams and tanjent .ia l

v e c t o rs , w~’ o b t a i n  k n o w n  cosine l a w

A ~t ’ cOb C - rt ~~~ ~ C ,

since f o r  th e r a y/bea ms , w~iich connect the pair of the corresponding

points with curves in the object space and images , value E
~
. has on-

and the sa me value of c. This value can be determined , if are  k n own

ang l e s  C. and  C.’ fo r  a n y  one of the ray/beam , w hich connec ts the

pc .ints in question with curves & and &‘

I

L -
~~~

- . --- .-~~~~~~ .-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Fig. 11.10.

Page 50.

~e obtain

~~~r~~cob C ~~~~~~~~~~~~~~~~~~~~~~~~~

or
~~n. (C ob ~] - co~ ~~~ r~.(  CO~ ~ - coa  L0)h (fl.1I)

— r ~ rca L -COb L0
~~ cea L’ — c o s

Thus, wa s obtained the same formula which was derived above.

Special interest are of the special cases which follow fro. the

obtained condition:

1) there is a ray/beam , perpen dicula r bo t h  to cu r v e d  6~ , and

c u r v e  &‘ , i.e. L~ • C.,, ‘~~~~ - Then we have

. ,~cOsL. (11.12) 

~~~~~~~~~~~~~~~~~~~~ .
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Thi s case, in pa r t  i cu la  r , correspon ds to ax isy mmetz. ic opt i cal and

a n t e n n a  systems whose  f ocal c u r v e  is p e r p e n d i c u l a r to op ti cal  ax i s ;

2) there is a ray/beam , t ang en t i a l  t o  bo th  curves , i.e., C.0

0. Then

(11.13)

To this c o n d i t i o n  c o r r e s p o n d s  t h e  op t i ca l  or antenna system at whose

focal  cu rv e is p a r a l l e l  or co inci des wi th the axi s of sy st em or wit h

the direction of the collimated ray/beams .

The presen ted methods of optimizatio n as this repeatedly was

emphasized that they clear strictly the ccnstruction of real optical

d ia g r a m , i.e., i ts p a r a m e t e rs , which determ ine the geometry of the

refl ecting or refractinq surfaces. The satisfaction of all conditions

— s in es, cosines and of so forth only guarantees , h certain

ap !.roach/approxim~~t ion , the absence of the det ermi nel form of

a b e r r a t i o n , in a n y  way w it hou t a f f e c t i n g th e v a l u e  of oth e r

aberrat ions.

~ 3. Selection of the function of quality.

Let us e x a m i n e  a t  f i r s t  p r o b l e m  in  g e n e r a l  v i e w .

.- -. .- — — ,

~

-

~

- .
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Let us suppose that there is certain system which is determined

by the finite number of parameters.

Page Si.

Cn the se lec t ion  of t h e  c o n c r e te / s p e c i f i c/ a c t u a l  p a r a m e t e r s , depend

the properties of system. If the properties of system can be

characterize d by one number (tcr t h i s  c c m b i n a t i c n  of p a r a m e t e r s ) ,

t h a t correspond to certain function which character izes sy stem in the

function of its arame t ers , then this function can be call/named

e s t i m a tor, the cost ~un ction or q u a l i t i e s .

To optim um system corresponds the minimum either the maximum or

the minimax ot estimator.

Let certain system have parameters x 1, x 2, ..., a ,,, ~ its

quality is determined by the function of quality 
~~~~~~~~~~~ ~~~~~. T h e

search for  the minimum of function ~ a l w a y s  be g ins  f r o m  cer t a i n

in i tial vector x° = ., or of the point r~ of—dimensional

space~~r, . T h e  p a r a m e t e r s  of sys tem a re  the  c o o r d i n a t e s  of t h i s  p o in t

[7].
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Let us consider that the f u nc t i o n  of qualit y 0 is con nected wit h

cer ta in ano ther f u n c tion u ( t, x) , determined for points x of space R ,~

and of poin ts t of space S . The value of tunct ion u for the pair cf

poin ts (t, x) let us call  d i s c r e p a n c y.  Then  to the  f u ~~c t i on  of

qu a l i t y  c o r r e s p o nd s  t he  square of root— mean—s quare value d iscrepancy

U in region 5

(fl~j4)

Integ ra l is ta .en on region S • Hearth dt is implie d volume H

~1ement; q (t) — t h e  a s s igned  weighting function. It is obvious , the

m i n i m u m of in teg ra l  co r r e s p o n d s  to t h e m i n i m um cf the f u n c tion of

quality.

In th e ca se of  the l in e a r i t y of syst em or w i t h  th e s u f fi c i e n t l y

f r e q uen t f r a g m en ta tion of the in t e r v a l  of the va r i a tion in the

variables it is possible to assume that during transition from point

x 0 f r o m  f u n c t i o n  U 0  = I J O ( t , x O ) to t h e  new p o i n t  x t h e  f u n c t i o n  of

q u a l i t y  can be f o u n d  as

~ t J ( u ° .8U)2 d. i~~(U 0
+ i 4 ~~.6x j ,) d.t. .

In t h i s  case let us assume that the functicrt s have continuous

d e r i v a t i v e s  in t e r m s  of all their argume nts and that the corrections

are suffic iently small .

—

- - - .
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For s i m p l i f i c a tion in th e r ecord ing ,  let us assu m e

~u1.
~~

Then the  task of the minimization of the function of quality can be

brough t to t he select ion or such p a r a m ete r s  x t cr which  t h e

correction s 6x 1, . .., ~~~~ (or vector óx) w i l l  be such , that the

module /modulus of the vector

will p rove to be minimum. This confirmation makes following sense: at

t h e  o p t i m u m  or clo se to i t  sta te of sys tem , t he v a lue of d i s c r e p a n c y

J , obv ious l y,  w i l l  be e i t h e r  m i n i m u m  (c~~t i m u m  sys t em )  or b y  a lmos t

win im um about a small change in parameters x (close to the optimum

system).

Cor r e c t i o n s  m u s t  s a t i s f y  nor m al sys te m of equa ti on s

ta JL 6~ L ~~ ‘0 (~ 
t , ,z . . . . ,~~ ,

w h e r e
0. = ( U~ , U ‘) ~ * (U ~ ~ U4 ) .

I

Were in the parenthese s stand scalar products.

The s o l u t i o n  of the  s y s t e m  of n o r m a l  ~q’i at ions can lead to  t h e

large values of corrections, which con trad icts the made assumption

I
L_ . -~~~~~~~~~~ - . --.- . . .----- . . .-~~-- -— ~~~~~~~ . 
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abou t the l inear  charac ter of s y s t e m .  I t  s h o u l d  be noted  t h a t  the

physical sense of corrections ax consists of fcllowing : this be

n c th i n y  else b u t  i n c r e men ts in par ame t ers x of the sys tems w h ich  are

converte i it of one s t a t e  in t o  an o th e r .  i n  v i e w  of the  av a i l a b l e  in

p rac t i ce  n o n l i n e a r i t y  of the depen dence of a be r r ati ons on pa rame te rs

x , t h e  v a l u e  &x .~ t h e y  can have  d i f f e r e n t  va lues  de pen d ing on absol ute

ta gnitude cf vector x.

During the construction of the algorithm of the minimization of

the function of quality, it is im p or ta n t to  consi der the d i f f e r e n t

rcle of the separa te parameter s in the process of min imization .

Page 53.

N a m e l y ,  w i t h i n  th~ lim its of each stage it i .~ possible  to isolate the

most effective parameter whose adjustment makes it possible to

iaxiaall y decrease the m odu~ e/nodulus of vector U.

Af ter the input/introduction of correction we obtain the new

value of dis crepancy, for which is coriec t the equality

Iu~ . ~iu’It •1u 4 S~~4 ~‘

It is ot ~~ious , t h e  minimu m value 11 correspcnds to m aximum u~~~~

F u r t h e r m o r e , 

—-- .
~ - . -~~~~ - -~~~~~~~~

.- . . —~~ 
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t h e r e f o r e  most e f f e c t ive wi l l  be the par a m eter x~ ,for which val uel (’ U°,

it is maximum. Let us designate this para me ter by ~, or

s im p ly x 1. If we are restricted to the addition only of this

pa rame ter , then correc tion it w ill be equal  to

k,~~. ~~~~~~~~

If the obtained value 6x 1 is grea t , then the entire group of

corr ect ing para mete rs consists of one par a m et er x~ and the adjustment

of the function of quality is conduc ted  : the d ir ection

k 
~~~~ 

,,.,. o~.

~ ut if ox ~ r~ ( w h e r e  r~ is t h e  selected v a l u e ) , t hen one s h o u l d

at tempt to expand the group of the amended parameters, af ter

su p p le me nt incj pa ra mete r x 1 eve n by any parameter ~ . So that this

ç a r a m e t e r  w o u l d  be most effective of all that which were remaining

the scalar product of the changed aftet the introduction of

correction vector UO for vector

• ~ ______( u ~~~~

mu st be maximum on module/modulus.

Let us assume tha t = 6x 2. Then as the effective pair of the

-

~

- -“- - -  .— ~~~~~— .- - —  - - a--- -
~~~~~~~~~~

- -. -- - - - -  -- ~~-
- - -.

~~~~~
-— -.—,
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param eters we accept parameters 1 and 2 and compute corrections Ox 1

and Ox 2 (remai ning parame te rs x 3, x ,, .. .., z~ are f i x /rec orde d ) ,  for

whic h the module /modulus of vector will be smallest.

End ~ect ion.

L. ~~~~~~~~~~~~~ ---- -----. -—— ~~~~~~~~~~~~~~~~~~~ 
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If  correct ions a r e  g rea t  ( ~~~ , t h e n  t h e  ent ire g r o u p

of the p a r am e t e r s  m u s t  consist of X j and  x 2. Otherwise it is possi ble

to s u p p l e m e n t the g r o u p  of the a me n de d parameters by parameter x 3 so

forth.~
’Thus, can be found the group of the parameters x 4 , x 1 , . . ~1 and

vector Ox with coordinates 
~~~~~~~~~~~ 

that possessing the following

p r c p e r t y :

1) i t s  m a x i m u m in m o d u l e / m o d u l u s  c o o r d i na t e  does not exceed the

selected v a l u e  ‘~ ;

2) the maximum coordinate of the vectct Ox of the  e x p a n d e d  group

of pa ra meter s x 1, x 2, ... , ‘ t .~ wil l  be mor e  t h a r  ‘
~

The process of a-he construction of th€ vector of direction Ox it

is v i r t u a l ly reduced to t h e  o r t h o g o n al i z a t i c n  of  t h e  sy s t e m  of

vectors ~U L~ .ln this case, the search fcr direction Ox will be

considered final , if after the input /introducticn of next ~ — t h a t

coordinate has the inequality

(u ’, u~ i~ (u ° ‘~~ 8~ tJ~Ut,~
’) 

~~~.

—----- ----- —-- -—-

~

---

~

- - -~~ . —~-.-— ~~~~~~~~~~~~~~~~~~~~~~ .
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wh ere k is the assigned number.

In  t he  o b t a in e d  d i r e c t i o n  Ox , is r e a l i z e d  the  s ear c h  f o r  t h e

m i n imum v a l u e  of f u n ct ion of q u a l i t y  ~

For th e prese r vation/retention/maintaining of the gen erality of

pr esentation , it should h€ noted that the position concerning the

effective pa rametnr is correct upon consideration of the limitations

wh ich must be superimposed to parameter values. In this ca se it is

poss ib le, as earlier , ‘-o isolate the initial stage of the

optimization when for the extent /elongation of a s m a l l  se r ies  of

large increments in the effective parameters it is possible to

substantially decrease U and t h e n begins the prcionged process of tLc

gradua l decrease U because of the remaining, less effectiv e

p a r a m e t e r s .

Let us examine now in more detail physical nature discrepancy U

in connect ion with the task of the optim izaticn of the opt ical system

which composes the final gca l of present section.

For an optical system as the function of quality, it is
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convenient to select the ~MS value of aberrations either on focal

su r f a c e or in aper t ure , i.e., w ave aberraticns.

Page 5~.

For e x a m p l e , exp re s s ion  f o r  t h e  f u n c t i c n  of q u a l i t y  c a n  t a k e  t h e

f o l l o w i n g  f o r m :

— 
~~~
. 
~~~~ ~ G ) ~~ 4 mP~

4 
A4

2 
4 I

~
t I

~ M 6 M , (fl.15)

where  ~~~ are aber r a t i o n s  in mer id ian cut ;

0 — A b e r r a t i o n  i n  s a qi t t a l  s e c t i o n ;

— a quantit y of Lay/beams for which are determ ined aberration;

— w e i j h ~ c o e f f i c i e n t s .

The  r e l a ti o n s h i r ,  r t ~~~os:

64  . 4 . 4
0 .

M

is determined the standard deviatio n of focal length 4- and of

a p i c a l  c u t  m of t he  a s s igned  m a g n i tu d e s  4° and M’

as  d i s c r e p a n c y  d u r i n g  t h e  o p t i m i z a t i c n  of o p t i c a l  s y s te m s

we will utilize aherLations , anu a m o n g  the latter preference w ill l-~

--- - - rn _ _ _  - - -~~~~~~~~~ ~~~~~- - -~~~~~~~~~~~~~~
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g i v e n  up  to  w a v e  a b e r r a t i o n s .

In thi s case, i t  seems to us t h a t  d u r i n g  t h e  a na l y s i s  of

optical—type anten n as it is possible tc use three in princi p le

equivalent method s of evaluating the distortions :

1) in the range of parallel beam :

2) in the interval/gap betwee n the reflecting (refracting )

s u r f a c e s ;

3) in t~ e re~~ion of emitter.

In the first case is examined the operatin g mode in t r a n s m i s s i o n

and are rate/estimated distortions accct djnq tc the deviation o. rea

wave front from certain plane (Fi g. Ir.11 ) -

In the third case is exam i ied the work to rc~ceptio~ /pr oceL~~re

and dir~t.ortions are rate/est~~mated accctding tc the i~:vi at 1o ! ‘t

wave front from cartain standard sp here (Fig. 11.12) .

The  second case  c o r r e s p o n d s  to r ~e m ix~ lole ~r

a s s u m e d  t h a t  on t h e  m a i n  mirror of t w o — u j r t u r  antw ’ ’ .

p a r a l l e l  beam , i nc  line ! on cert tin ~ r,q J . ( L ~~~
( t

on auxiliary mirror (II. 13a) f a l l s  spk . r ic . 1  f :

ou t lying source (transm is sio n ) .

—_~~~~~~~_— _ _ _ _ _ _ _ _ _ _ _
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~~
Fig. IT.11.

I
Pa ge 57.

It is obvious, if both fronts reflected coincide (Fig. II.13a, b),

then distortions are absent; otherwise the degree of a difference in

these fronts is proportional to the abeiration~ of systea. In

I

_ _ _ _ _  ________ -
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specific cases the preference can be returned to one or the other

case.

1. Let us examine first case. Let in Fig. 11.14 on auxiliary

•irror f a l l  the l igh t  beam f rom the source , ou t l y ing  f rom focus into

the point, char acterized by vector P. Then the reflected bea m can be

found from the vector relationship/ratio

~ a(c~ . ~~~ ~~~~~~~ 
, (fl.16)

where R 1 is the vector, which determines the surface of auxiliary

mirror. In the general case it is assigned ~y the differential

equation

(fl.17)

— single standard to wave front

~?t  ~~~
_

4 ( F~i~
’
~. 

(11.18)

reflected.

L -
~~~~~~~
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9 )

Fig. LI.13.

Page 57..

Here ~ is the u n i t  vector , directed along incident  r ay;  i~ is a
standard to reflector.

For the interpretation of equation (11.18) let us introduce the

—
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vector of source P, which determines according to value and direction

the deflection of irradiator ftc. focus (Pig. II. 14). Here the

position of ray/beams in incident beam is deteriined by angles w i t h

X—axis and y axis. Then in the meridian p lane of the component of the

vector, directed niong the incident ray:

R co~ ~p -

coe.~1~~ 
I __~ ___ ,

~ -~
)
~ 
4 ( R ,s~.tt~p -

Cf 
~~~~~

~ ~
(R ,co

~
If .*~

’
~ + ( R .~~q _ ~ ,)t

In order to assign indirect wave , we will use Pig. 11.15. Prom

the figure one can see that the current point on auxiliary mirror is

assigned by radius R 1 sin # and by an angle ~

_ _ _ _ _ _  _ _ _ _ _ _ _ _ _
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if A (~~
) —

~~~~~~~

Pig. 11.14.

Page 59.

Then the coa~ oneats of vector ~~1 are equal to:

R 1co~~Cf -~~~~~

1 

~(R~c o s p _ t l(R jsu~ f COS~~~-~~ f.(R1~.flCfIth.%4
t *

Col e

~ 
‘~(R,Cos~ . l,

’
)~~~~~ b~n C~ tos~~. ( ~, i~ tne~t

R 1~~~t(f b~no ~.coa t 
Ia 

tOb~~~~~~
1
#(*~I&I~ ~~~~~~~~~~~~~
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Para.eters of standard to the auxiliary mirror:

coa t •

col e • 
(11.20)

COb 1 ~~~~~~ bI~~(*(~~~) .

Here angle ç. is determined by the differential equation

—i—- ~~~~~~~

U ‘5

Page 60.

Thus, are obtained all cell/elements ci relationship/rati o

(11.16). As concerns value of C i, , which determines path fro. the

falling/incident front to that which was reflected , then it,

obviously, must be more distance frcm pcint with coord inates x 1 Yi of

the most removed •dg. of auxiliary mirror (Pig. II.1). The vect’r of

L . .. . . I L ~~
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the fallin g/incident front 
~ 

can be assigned dir ectly at the point

of the location of source. Then the difference

~~1
~~~~~~~ ~~~~~ -~i ,

’
~ .(~~b çeo ..~ 1’) 4(*,btI~ ! . (11.21)

Let us find now the parameters of the front, reflected from the

main mirror

(11.22)

Equality (11.22) it is recorded taking into account the fact

that here falling/incident front x2 is equal to the front , reflect ed

from the auxiliary mirror j~ .

The equation of the main mirror R 2 is determined in the

parametric form

. ~( 4 s t .{i~~~~t’~+4~ 4
;~

i)l
j (11.23)

where R~ is a radius—vector of auxiliary mirror.

For determining entering here R 1 and # it is necessary to find

the coordinates of the point of intersection of the ray/beam of front

~~ q reflected from auxiliary mirror , with main mirror. This means that

it is nece ssary to solve the system of equations of the meeting of

the ray/beam

~ ________

_ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _  _ _ _  _ _ _ _ _ _ _
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and of the surface

~ 
a 4 f I~4(R -d.’)+4 lLn t CP ( 4 — Z R 1)

t 
~~ I l~td. -R~(i - cob fl]

J_ _~ !.L 
~~~~~~~~~~~~~~~~~~~~~~~~

*1 ~

Page 61.

Here ~~~~ , — the coordinate of poin t on the ray/beam , reflected

f r o m  a u x i l i a r y  mirror , 
~~ 

— the component standar ds,

di rected along this  ray/beam.

System of equations is solved by the meth od of iterat ions.

The unit vector, normal to wave front Y2 reflected , will be

~,t

Here the components of standard to the main mirror :

L .. ---~~~~~~~ - - - ~-~~~~~~~~ , -
~~~~= 

_ _ _
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COb I’ * — C O b ~~ —~~

COb
% 

s cob.~1bLnr,
(11.24)

COb~~ ~~~~~~~~~~~~~~~~~

where

t.%y~
.

The components of standard 
~ 

to wav e front of the incident can

be found after the substitution of values (11.20) and (11.21) in

(11.18).

Constants C 1 and C1 determine position front , that left the

antenna , and they are assigned from cor.dition, for example , that the

last/latte r wa ve fron t intersects aperture.

By the essent ial torque/momen t of the calculation of aberrations

is the process of the ccmp arison of the front Y 2  reflected about the

standard pla ne ~~
‘. Essence consists of following : let Fig. 11.16 be

depicts the wave front Y2  and plane ‘~ In crder to rate/estimate

aberrations in antennas, obviously, necessary in a some manner to

deduct one front of another and to find the RMS value of the obtained
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differences.

Page 62.

However , how to find this difference and whic h points of b oth of

fronts to consider mutually appropriate? It is cbvicus, there is as

much as desired method s in order to establish/install this

conformity ; as an example can serve figure II. 16a ,c . It is he re

shown two cases. In the first are compared the points with identical

ordinate , in second point , which lie on standards to plane of

reference. Appar ently, it is nct possible tc give categorical

preference to any ccmparison method , but we will compare bot h fronts

with respect to standards to the front ~. reflected (Fig. II. 16c) -

In this case, it is necessary to find the pcints of intersection of

straight line, characterized by Jirecticn 
~~~~ 

and to plane i’ , and

then the point , wh ich lies on ~he terminus of vector j2, and finall y

to determine the iistance between them . Analytically this means that

it is necessary to find the intersecticn of straight line

(11.25)
11* 1~

wi th  p lane  char act erized by the equa t ion

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (11.26)

He re
( e cos 8 I i~

~~0
’ ~ ‘~~O ‘0 ~

.-
~~~~~~~~~ .—~~~~~
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i.e. this can be the plane , passing through the apex/vertex of

auxiliary mirror at an angle e to the vertical y axis. Let us

call/name conditionally the coordinates , obtained during joint

soluticn equation (11.25) and (11.26) letters x . Then the

deviation of front j ’.~ from front ~ at the particular point will be

— ( _ _ l )t 
(
~~il

-
~~:~~ (11.2?)

To evaluate common/general/total deviation , we will use integral

of st a n d a r d  devia t ion  wit h respect to e n t ir e  ap e r t u r e , ch3 racter ized

by the ang les ‘f4 ~ nc1~
(~.a~)

~

. ..~~~ 
. .

~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ii

Fig. 11.16.

Page 614 .

This equation is that function of quality which is utilized in the

process of optimizatio n and optimum synthesis.
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By P. Rassnotry the second case. In this case, let us tur n to

diagram in Fi~g. 11.17. Here on main mirro r tails light bea m at an

angle 0 to x— a xis. Then the parameters of standard to the

falling/inci~.ient front:

co~ e

. 
~~~, 0 

~ (11.29)

~~~~~ x 4 ~~

The paramete rs of standard to main mirror are determined by

equations (11.24), and the surface of the main thing by

mirror—equat ions (11.23) . Substituting (It.2~ , (11.24), (11.29) into
equaticn of the type (11.16) , let us find the tcoat , reflected from

the main mirro r when not it falls the flat,plan€ inclined front:

a ( C 1 - -

- Z~ ,( ~

The equation of the falling/incident front , or more precisely ,

diffPrence l~~2 — x 1~, let us find , after using Fig. 11.17. Here the

plane of the falling/incident front is assigned by the equation

*~~O b e e - & c o s B . O .
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Then distance from point ~~* ~~A of this plane

I~ — 1~I~ I(~~o~ 0 + 
~~A~~~

’
~
0 —

~
_c os a)I .

By selection C~ we attain that the front j~ being investigated

would render/show in the interval/gap between mirrors , The front ,

reflected from auxiliary mirror and proceeding from the source,

outlying from focus into point with cocrdinates x 1, y

~

, alread y we

have found and it is expressed by equations (1I.16)— (II.23).

Page 65.

Obviousl y, if front y
~ 

and front (11. 16) — (11.3) during the

proper selection of constants C 1 coincide, then of distortions in

system the y are absent; otherwise the degree of the disagr eement of

these fronts will determine the value of distortions in system.

~~~~~~ . the third case corresponds to an incidence/drop in the

flat/plane inclined front on antenna; he is studied the deviation ot

the front, reflected by auxiliary mirror, from sphere. From main

mirror is reflected front ~~~~~~ and then it is ccnverted into front Y2

after reflection from auxiliar y mirror . The investigation of

aberrations in this case consists in the computation of the distance

from point x 1, y1 with alternating/variable position of front Y2

L ‘
~~~~~t~~~~~~l ) 4 ttI~~*, ,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . . i::. ’
~~~ .. - — - —- - . . - . . - .



I

DOC = 77200803 PAGE ~26~

whic h then is compa red with certain supporting/reference distance,

i.e., is determined standard deviation ~L. The values of the

components of this relationship/ratio wer e already found in the

preceding/previous cases.

§14. Formulation of the prob lem of the synthesis of the opt imum

scanning optical—type antennas.

Cne Of the most urgent tasks the antenna cf technolog y still is

the task of constructing of the wide—angle scanning antenn as (mirrors

and lenses).

Despite the fact that as such antennas are applied long—focus

parabolic reflectors, ap].anati c and bi focal two—mirror and lens

antennas and the tasks of scanning to a certain degree are solved , it

seems to us that this solution in the majority of cases far from the

cptimum .

Actual ly, the requirements which b e f or e ( a r e  to  the  s c a n n i n g

antennas , it is possible to systematize approximately as follows:

1) is assigned the sector of continuous scanning ;
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2) are assigned the angles of the discrete location of

ray/beams;

3) is assigned focal  c u r v e  and sector of scann ing .

Page 66.

It is obvious , in all cases it is assumed that the distortions

of radiation pattern must be minimum or , in the extreme case, equal

to zero for all beam directions.

Without doub t are solved the placed problems and whic h antennas

are utilized? Besides spherica l antennas and Luneberg~s lenses which

invariants relative to the direction of scanning, most widely are

utilized the indicated antennas (parabolic and aplanat ic). However ,

such antennas are palliative by their the very nature : the y are

designed for obtaining ideal ray/beam onl y at one point (paraboloid ,

aplanat ) or at two points (cylindrical bi focal antenna wit h line

sources), and during the deviation of scurce from these points (foci)

cccurs a progressive increase in the distortions (Fig. 11.18). As

concerns the focal curve in which are arrange/located the sources,

then it , obviously, must be only such , which has t his antenna.

L ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. -

~~~~~~~~~~~~~
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It seems to us that much more adequate to stated prob lem must be

the antennas, specially designed for each case, i.e., satisfying the

placed condition in the assigned best approximation. In this setting

this to pr oblem is reduced t problem of the synthes is of certain

equipment/device in accordance with the assigned requirements.

We examined above the task of optii~ization; its essence

consisted in the fact that among the assigned type of antennas (for

example , aplanatic) and with were placed conditions it was selected

such version which during the concrete/specificjactual combination of

its parameters in a best (in known sense) manner satisfies the stated

requirements. Howe ver, the type of antenna from this is not changed ,

since the solution of problem was searched ior in just one class —

the form of characteristic curve was not subject to change . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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L~ -~Fig. 11.18. I — monofocal  an tenna .  II — bifocal antenna.

Page 67.

Unlike the procedure of optimization , synthesis, is provided for

f i r s t of all  pr ecisely a var ia t ion of charac te r i s t i c  curve , inc lud ing

ay the same time simultaneous optimization as part of the process.

Ther efo r e in the f in al a nalysis f or each speci f ic  case of use , cam be

constructed completely specific antenna.

The problem of the synthesis of optimum antennas to a certain

degree is analogou s to the tasks of th€ corstruction of optimum

cy bernetic systems, in connection with which as the basis of antenna

synthesis can be placed ana logous  m a t e m a t h i c a l appa ratus.  In th i s

case , wi tho ut damage  f o r  g e n e r a l i t y ,  we can to assume t h a t  in our

—---. - .

~

-
— - - - - —_.- -. - ,- .—- - -— -- -~~~-------- --—-.. --~~ 

—
~~~~~~~~~

-
~~~~~~~~~~~~~~~~~~ _ -.---- ~~~~~~~~ --- - - - -
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case occ ur s t he d y n a m i c  system ( a n t e n n a ) ,  cc n t rc l led  by d i g i t al

computer. In this case, let us examine the systems which are assig ned

by the f u n d a m e n t a l  d i f f e r e n t i a l  e gu a t i o n

a F~ ~~~~~~~ (11.30)

and the series parametric equations:

I
I . ~~~~~ ~ 4 (~f l, 

IA

. (11.31)

Analytically our task can be formulat~~i as follows. For certain

of the dynamic system , described by equat ions (11.30), (11.31) and

characterized by the ind~ x cf the quality

,~~t

to ensure the m inimum , t h e  maximum or f i n a l l y  the n i n i m a x  of c e r t a i n

integral

“I
ta ot. lk~ , (11.32)

which is functional from some steering fiamctions :

‘

a 4~
(
~~)~ (11 33)

a

I
.-



—- - -~~ ~~~~ - . . -~~~~~~-
- -
~~—~~~~~~~ 

DOC = 77200803 PAGE

1/?~
’

Page 68.

The selection of functions (11.33) is limited , i.e.,’4i~~
,’~~ ,c~1A ,

a the extremum of functional is searched for in certain pe rmissible

interval of the angle s

19

~~ 
H

I. Si mplest task of o p t i m u m  syn thesi s  inc ludes  creation of

antenna for which must be provided mini m um of integra l

~ a~~~e~~ 
~~~~~ (11.34) 

. 

1
for assigned angle of def lec tion  of r ad i a t ion  pa t te rn  9. Then  the

conditions of task can be formulated as follows: to find f unction
4 , ( ( ~)

P which it woul d supp ly the minimum to functional (11.34) for the . 
-

dynamic system :

.—
~~~~

-‘ ~~~~~~~~~~~ ,1.
p. a F 1 j t . —~j~-— .~ .. ‘

a 4, (l~’)I~n~~ • (11 85)



I

DOC = 77200803 PAGE

“.3

with the limitatioms :

~

IA 1 ~ N ~ ~ .
, (0.36 )

If1 ~~

— .(~(~q) :0 ~ (fl 37)

Page 69.

Here, as can be seen from (11.37) , the discussion concerns monofocal

anten na with focus on the axis.

II. Second task of optimum synthesis can be considered as

variet y of the  f i r st :  its condi t ion  can be propag ated to b i f o c a l

a n t e n n a , a f t e r  replacing equat ion (11.37) w i t h  equat ion

~~
. 

~~~~~~~~~~~~~~~~~~~ 4

p

I
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III. T h i r d  t a sk  is minimization of functional (1I.3~4) for sector

te with assigned trajector y of movem ent of source. It is obv ious,

this task to a certain degree can be scived for mono— or bifocal

antenna. Then limitations take the form

~ d. ~ d..4 ~
M t ~

I’t ~ If
.~. — ~~~ a 0 

~~~~ 
a 

~~~~~~~

~~~~~ ~~~~~~~~~~

IV. The p r eced ing/p rev ious  task  can have  i n t e r e s t i n g  solu t ion ,

if we are not limited to the antenna , which has focus (or two foci),

namely, the fourth task of optimu m synthesis has the followi ng

formulation: in sector +0, the antenna must have minimum error (for

example , constant) . This task to us is represented most adequate for

antennas with wi le—angle scanning. Let us formulate it in the terms

of variational methods.

Let the sector of scanning be broken into N of intervals. Then

for each interval it is possible to record integral (11.34):

Q(.j . s 1* Lt d..If ; . 

..

‘
~~11

a ~~~~ 
~ (fl 3$)

I

--.

~

- ---- 
.. .~~~~~~~
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Here l i m i t a t i o n s  a r e  a n a l o g o u s  s y s t e ms  (11.36) , and as the minimizing

f u n c t i o n s  t h e y  are ut i l ized:

~

~ f -4~ 1~~I)

at.. a 4 ( ~~) ,

‘1
V. As the following task of optimum synthesis , it is possible to 

~~~

examine the met hod of the ccnstruction cf antennas , simila r bifocal.

As is known , b i foca l  antennas  are designed cnl y fo r one sec t io n ,

which contains axis of antenna and bot h foci. Merrations in

remaining sections (astigmatism) in any way are not monitored; in

connection with this to rationally assign mor e common/gene ral/total

_ _  _ _ _  _ _
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missicn. namely , to find these two contro l functions:

a o. ( 
~~~~~~

~ .4(If)~~ .ri (~

wh ich woul d jive the minimu m to functiona l (11.34) for value s +0.

With this precise convergence in meridianal section (as the bifocal

an tennas) will not have. But aberrations as a whole will be decreased

because of a compro m ise betwee n aberrations in different pla nes.

Th e f o r m u l a ted in present p a r a g r a p h  t a sks  of op t i m u m  syn t hesis.

a p p a r e n tl y ,  do not e x h au s t all possible si tuat icns w h i c h  can arise ,

during the dev elopment of the scanning antennas. However, these

full—un iversal, and , ob viousl y 1 in equal  m easure they can be solved

not only in connection with two—mirror antennas , but also to t h e

an tenna s l ens, micror—l ens, or to antennas with point source.

It should be noted that the setting of the variat iona l problem

of the synthes is of optimum antennas first Decores possible only in

view cf th .~ essential progress of compu ter technology, and also th e

appearance of new investigations in the field of logic and algorithm s

of the solution of the nonlinear problems oi the optimum synthesis :

dynamic programming and the princi~~l€ of maximu m [8, 9, 11—1 5 ) .

Page 71.

I
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Virtually the essence of the problem of th~ creation of the optimu m

scanning antennas consists precisely of the development of this logic

of machine calculation so t hat even at the existing enormous

velocities TsVN task could be solved for the foreseeable interval of

machine time.

~5. Constr uction of the ele mentary operation of synthesis according

to approxima tion method in the space of strategies.

Let us e x a m i n e  t he d iagra m of the m e t h c d  cf the op ti m u m

synthesis cf two—mirror antenna , based on approximation in the space

of strateg y [8.114].

A s th~ basis of method , can be placed the followiny principle of

needle—shape d variations: for som e arbitrary or obtained by other

pr~~viou sly m ethod s ch a r a c ter i stic cu rve  is assumed  tha t it s s m a l l

section can change within certain lim its by low value . In this  case,

en tire/all remaining part of characteristic curve remains

constant/invariable; howe ver, varying one region of curve, even very

J small , we nevertheless each time we obtain , strictly speaking, new

antenna to new aberrations. From all variations in the section of

characteristic curve in question is selected that , that provides th~

~

- --- -—“--- —~~ -- , , - ---—-~~~~~~~~~-~~~~~~~-- ~~~~~-~~~~~~~~~~~~~~ — .
~~~~~

-- - -
~
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m i n i m u m  of f u n c t i o n a l, a b e r r a t i o n s, d e s i g n e d  f o r  an e n t i r e  a n t e n n a.

F u n d a m e n t a l  r e q u i r e m e n t  t o r  n Q ec l l e— s h a p e d v a r i a t i o n s  c o n s i s t s  of

t he  pre s e r v a t i o n/ r e t e n t i o n/ m a i n t a i n i n g  of the  con ti nui ty of

c h a r a c t e r i s tic c u r v e .  As is k n o w n , function 4 t ’ t ) he is ca l led

c o n t i n u o u s , if to the  s•all  c h a n g e  x c c r r es po n ds  a s m a l l  cha ng e in

the function 4 ( ~

Last/latter determinat ion needs the refinement: it is rossible

to consider the close of function y (x) and ~ ( x ) in  such a case , w h e n

t h e  m o d u l e / m o d u l u s  of t h e i r  d i f f e r e n c e

is smal l  f o r  a l l  v a l u e s  of x , f o r  w h i c h  a re  ass igned  f u n c t ions y ( x )

a n d  y~ 
( x ) ,  i.e. , t o  c o n s i der  close c u r v e d , close i n  o rd ina tes.

Page 72.

Howe ver, in many instances are mor o logical to consider close only

those c u r v es, wh ich are close in ordinates and in the directions of

t a n gen t s  at c o r r e s p o n d i n g  p o i n t s , i.e. , f o r  close c u r v e s  n o t  onl y

small the module/modulus of d i f f e r e n c e  y ( x ) — y 1  (x ) , bu t  is also s m a ll

t h e  m c d u l e / m o d u l u s  of d i f f e r e n c e  y L ( x ) — y 1 1 ( x)

There fore i t  is possible to count  t h a t  t h e  curves of y y ( x )
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and  y y 1 ( x )  are close in the sense of zero—order nearness, if the

nodule/modulus of difference y (x)—y1 (x) ml. Furthermore , curve d y1 (x)

an d y(x) are close in the sense of first—order nearness , it the

module/m oduli of differences y (x)—y1 (x) and y t (x)—y ’~ (x) are small.

So, Fig. 11.19 depicts curves , close in the sense of zero—order

nearne ss, but close in first—order sense, S i n cE  ordina tes in them are

close, and tne directions ot tangents are not close.

The curves of Fig. 11.20 are close in the sense of nearness of

the I order. The requirement for the ccx itinuity of characteristic

cu rve  can be fo r m ula ted as f ol l o w s: the f u n c t ion ~t4 (~flS~~If

is continuous wh en ~ = 
~~~~
, if fo r  a n y  ~‘ it is possible t o  f i t  6 > 0

such , tha t

1~(’~
) ~(Ifo ) 1< ~

with

k -
~~~~~~ ~~~

The concept of extremum with a variation in the indiv idual pa rts

of characteristic curve also needs refinement.

L . - . .  ..
~~ - — . -

~~~-- - ~~~~~~~~~~~~~~~~~~~
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Sp e a k i n g  a bou t the m i n i m um , we will bear in mind the sm3llest value

of f u n ct i o n a l  onl y wi th respect to the values cf functiona l in close

curv es. But , as it was shown that nearnes s of curves can be

understood differentl y; therefore in the determination of the ma ximum

or m inimum , we will distinguish the degree of this nearness.

If the func tional of phase error reaches in the curve of y =

Yo (#) the minimum according to relation to all curves, for  which  t h e

module/modulus of difference y(ø)~~y0 (~ ) is s m a l l , i.e., with respec t

I
__ 

~~~~~~~~ -
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to curved , close to y = Yo (~
) in the sense of zero—or der nearness,

then minimum it will be weak. But if functional reaches in the curve

cf y = y~~(~ ) the m inimum only with respec t to curves, close to y =

Yo (#) in the sense of first—order nearness, i.e., with respect to

curved , close to y = Yo (~
) not o n l y  in or din a t e s , but also in the

d irect ions of t a n g e n ts, then the minimum will be powerful.

Appar entl y ,  in the first stages of synthesis it is possible to

assume tha t the taryet/purpcse of each needle—sha ped variation on

this section of characteristic curve will be obtaining the wea k

m in i m u m of t he f u n c t i ona l , w h i ch deter m ines phase  error.

Now , when is given definition of needle—shaped variati n as

basic operation of ~nt enn a  sy n t h e s i s, let us shcw , as jt can be

real ized irrespectively of the specific problem of synthesis.

Let there be certain mcnotoca l twc—airror antenna , presented  in

Fig. 11.21 and 11.22.

It is further necessary to find the characteristic fu nction

which woul d provide minimum rms error and satisfied some requi rements

whose formulation to us is not now important.

During the solution of problem as approximation method in space
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— s t ra tegies  let us accept f o r  base N — the line— of—commun icat ion

process, in  each stage of which is varied certain reg ion of

characterist ic curve (needle—shaped variaticns). So, by Fig. 11.21 it

is accepted that is varied the region fro m point A to point B(B’,

B2...), moreover point A is constant/invariable , and point B

consecut iv el y accep ts a series of positiors. The new section s AB

mus t, obviousl y, to be t ang en ts to the  rema in i n g  par t of

characterist ic curve at point A.

Page 74.

Then durin g the f i r s t  stage of the  f i r s t  s t a g e  we are  h a v e  an  an t e n n a

from characteristic curve ~1A0 A 1 8L 1; at  t h e  second s tage — a n t e n n a

from chara cteristic curve 82A0A 1 B2 1 so for th. For each of these

curves, is c a l c u l a t e d  the  f u n c t i o n a l  of quadratic phase error and is

selected curve, that ensures m inimum value.

In t.his case, t he  resu l t s  of c a l cu l a t i c n  are coiivp are~ w i t h  t h e

value of phase error, obtained for an antenna from init ial

characteristic curve with the optimum for it lccation of source.

A t each stage of the next stage of synthesis , we deal  o n l y  wi th

the value of functional , minimum for the preceding/previou s stage and

with the results of calculations at this stage of this stage, i.e.,
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in the memory of machine , always is stated only one value of

functional (in the case of one—dimensicn a l control) unlike the

radiation synthesis where it is required to store a whole series of

the values of functionals, since must be carried out the parallel

sorting of the parameters of immediatel y several ray/beams.

One should note also that on the strengt h of the discreteness of

task we actual ly utilize not en tire curve on section AB (Bl , B2,...),

but only one point B(BI , 132,... ), more precis e, onl y its abscissa
g\ since ordinate y it corresponds to the intervals of discreteness

and is accepted as constant for this stage cf cp timization . Ho we ve r,

with this setting immedi ately appears the problem of the selection of

the permissible positions of point 13 (13’, B2,...).
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Fig. 11.21.
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It is obvious, this point so must be arrange/lccated in space so t h a t

gene ral characteristic curve would not have fractures and sections,

parallel the axes of antenna , since antenna from such char acterist ic

curve cannot be realized in practice.

Let us examine the following (the second) stage of synthesis

(Fig. 11.22). on this stage are record/fixed posit ion of the best

point of the preceding/previous stage (for eza.Fle, point B3) and tiLe

I 

_ _ _  - - ~~~~~~ .-~~~ . ~~~~~~~~~~~~~~~~ —4
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position of point C, which is subject to variation in the subsequent ,

3rd stage of sy nthes is.

The second stage lies in the fact that is taken a series of the

values of the abscissa of point A(A ’ , A2, ....,) and for obtained

characterist ic curves (for example , 133 A3 CCC 1 A3 B3 1) is ca lcula ted

the value of functional for entire antenn a aperture. In this case, it

can seem t hat the obtained value of quadratic pha se error will be

equal , is more or less than the phase error , ca lcu la ted  f o r

characteristic curve B3 AOA B3 1. If not one of the values of

functional will be less than preceding/previous , then , obv iously, it

is necessary to leav e t he old v a l u e  of the abscissa of point A , which

correspond s to the first stage, and to pass to following stage. On

the other ha nd , it should be noted that in each stage it must be (n  +

1) stages, moreover value must be limited only to torque/m oment of

obtaining the outer limit: on (n + 1)—tb stages the result must be

worse than at n— tb stage. This, it goes wi thou t  s a y i n g ,  is correct ,

if wi th a variation in the coordinates of point A occurs a decrease

(or an increase) in t he phase error of an entire antenna in

ccmparison with the result of the first stage.

Let in the second stage of synthesis the test result be obtained

for charac teristic curve B3 AZ COC , A2 , B3 1. Then on the third stage

cf optimu . synthesis is detented the position of points B~ A Z and of

r

~

-_ _ _

~
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an en t i re  remain in g par t  of charac te r i s t i c  curve ,  except poi nt C; the

schema t ic of the  process of the op t imiza t ion of t he  coord ina te s of

point  C t h e  same as in the  pr e c e d i n g/p r e v i o u s , 2nd stage;  as a res ul t

of the  sor t ing  of abscissas , is selected the value 4 ( ~~) co1 Lf e n s u r in g

the  m i n i m u m  of phase e r r o r  in th is  stage.
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Figu res 11—23 shows the  t w o — m i r r o r  a n t e n n a  at whose

ch aracteristic cur ve is subjected  to n e e d l e — s h a p e d  v a r i a t i o n  in
~~in te rva l  I t  is easy to see tha t  th i s  form change of

characterist ic curve will lead to the appropriate changes in the

a i r f o i l/ p r o f i les of m a i n  and a u x i l i a r y  m i r r o r s .  This in  t u r n , wi l l

ca use a change  in the  d i r ec ti on  of the beams , reflected f r o m  mi r ro r s .

Pig. 11—23.

I



I

DOC = 7720080L4 PAGE .~~~

“ -4
Page 77. Cha pte r I I I .

ALGORITHMS OF SYNTHESIS.

By algorithm [15] ii we understand certain formal instruction

acco r d i n g  to wh ich it is possible to o t t a i n  t h e  necessary solu t ion  of

p rob lem.  T h i s  f o r m u l a t i o n , is u n d e r s t o c d  i t  does not p re t end  to

accuracy , but fast expresses that intuitive view to algorithm whic h

was formed even in antiqui ty. Term “a l g o r i t h m ” ~roceeds on beha l f  in

the name of the medieval Uzbek mathema tician Al’Khorezm i, who even in

rx V. gave the rules of the fulfillment of tour arithmetic operations

ir decimal system.

- To any algorithm are characteristic some ccmmon properties:

I) the determinancy of algorithm. Is required , so that the

m ethod of action (co m p u t a t i o n )  w o u l d  be so precise and g e n e r a l l y

u n d e r s t a n d a b l e , so t h a t  would  not remain the places to the

arbitrarin ess:

2) the  mass cha rac t e r  of algorithm. A lgorithm serves not for the

soluticn to any specific problem , but for the sclution of the whole

_ _ _ _ _
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class of tasks. Indications on the method of action are used to the

initial conditions which can be varied;

3) th e result of algorithm. This property, cal led som et imes t h e

di rec t iv it y  of a l g o r i t h m , i t  requ i res  so t h a t t he a l g o r i t h mi c

procedure, used to any task of this type, through the fini te number

cf spaces would be stoppe d and after stop it would  be possible to

deduct  the  u n k n o w n  resul t .

Alg or i t h m s , i n  accor dance wi t h w h i c h  to ac t ions, I c a l l

rumerica l algorith ms. Numerical are the algorithms , expressed

formulas or the diagrams , s e r v i n g f o r  the sc iu t ion of c e r ta i n  class

of tasks, if by these formulas is completel y expressed bot h the

compos ition of actions and the order in which they must be fulfilled.

Is fea sible a lso th e lcg ical  a l g o r i t h m , which can be the

i n d e p e n d e n t  me thod of a c t i o n , and it can enter in the composit ion of

numerical algor ithm , for example on the basis of intermediate

results, must be accepted solution to the charact er of the subsequent

actions or even to the cessation of further calculations.

However , both in the case of n u m e r i c a l  an d in the case logica l

algorithms the con tent one and the same: in both cases the algorithm

is d e f i n e d  as s y s t e m  of rules for the sciution cf a defined class of
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tasks, which possesses the properties of determ inancy, m a s s

charac ter, result.

thout doub t mus t be organized computational operation at each

stag e of syn thesis? T h i s  task d oes no t h a v e s tan dard so lu t i on  wi th

the syn thesis of nonlinear systems and dyna m ic programming gives only

the the ge neral procedure of solution € lem entary operation each time

inu ~~t correspond to the c o n t e n t  of s p e c i f i c  p r o b l e m .

Page 78.

As t h e  special  f e a t u r e/ p e c u l i a r i t y of  trt c s y n t h e s i s  of  t h e

o p t i m u m  s c a n n i n g  a n t e n n a s , it was  r e p e a t e d l y  no ted  tha t f o r

t w o — m i r r o r  a n t e n n a s , if  t h i s  is not  p a r a b o l d  w i t h  h y p e r b o l a or

ellipse , i n ana l y t ical f o r m  it is imp o s s it l €  to  record w a v e  t r c n t

af ter reflection from two mirrors. All the more it is not possible to

a n a l ytically express its deviation from standard plane; thus , f r o m

the compu ta t ion  of gradient and de termination of the direction of

r a p i d  descent  i t  is neces sa ry  to r e f u s e .

It may be, it goes without saying, that is used the method of
_
~h’.. ~~~~

the numerica l determination of dependences ~~~ ~~~~~ wi t h  f o l l o w i n g

interpolat ion results and already from the in t e r pola ted cu rves

ca lculate gradient. Howe ver, it seems to us that this path not

I. ——_-~-_--— -_ _—-- 
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justified is laborious and will not ensur e the desired shortening in

the estimated time. Therefore simpler can prove to he the idea of the

method of Kachmazh which he proposed for the sciution of the syste m

of simultaneous linear equations and is schematically depicted on H

Fig. Ill—i a n d  111—2 { 10].

it is appropriate to note that , s p e a k i n g  a bou t the  me t hod of

Kachniazh , we we do not replace with it the methcd of the i ynamic

programming: we are speaking about the organization of the met hod of

sorting within dynamic programming. Understanding the method of

d y n a m i c  p r o g r a m mi ng  ve r y  w idel y ,  as t h is is m a d e , for  e x amp l e , in

we d o no t d i s r u p t t he essenc e of t h i s  me thod b y this approach

to the organization of the ele mentary operation of synthesis.
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Fig. UI—i.

Fig. 111—2.

Page 79.

In the most compl ex cases , to w h i c h  b e l o n g s  and  ou r t ask ,

can go not about the complete applicaticn /use ci a rnethoi of

Kachma zh , but about the use of fundamental principles of this method .

So, instead of the hype rp lanes it is necessary  to ex a m i n e  the

hypersurfa ces on which lie/rest on curve, t h a t c o r r e s p o n d  to

derivat ives of function ~L (or ~t )in ter ms of tne parameters. This

idea can be s u f f i c i e n t l y  f r u i t f u l  not  t h e  s t a g e  of t h e  o p t i m iz a t i o n

(no t syn the sis) of p a r a m e t e r s  of t he in it i a l  a r t e n n a, for example

aplanatic , w h ich fo r m s then base f or t he s y n t h e sis of op t i m u m  in th e

I
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assigned sense antenna . In this case, t he ccns t ruc t io n of

axisymme tric two—mirror antenna makes it possible to sufficiently

easily find some particular directions of rapid descent , i.e., t he

d irect ions , whi ch coincide with the directicn of rate of change in

the functicn in its separate parameters. For example , t h e

opti m ization of the 1osition of focal point in the known position of

standar l plane front at the output of antenna can be brought tc

successive motion along f u n c t i o n  ‘ when ~ • co~~~ t (Fig. 111—3)

The sam e concerns the optimization of relation 4/d- wit h given

diameter and maxi m um phase error (Fig. 111—4). Here, bo th the easy to

see tha t the jirection of rapid descent only one of the two possible

is defined ~~~
- di rec tion in w h i c h  t h e  abe r r at ion is less th a n  i ts

preceding/pr~~vious val ue.

However , ~ven i~ simplest case ~lready dur in~ the optimization

of the parameters of supporting /reference ante nn a we encounter s

Bependence of its properties from several variables , i.e., task

passes to the category of the multidimensional tasks of control.
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Pa ge 80..

If the state of system is described by one var iable, then bac k a

can be c o m p l e t e ly c o r r e c t l y  solved w i t h  t h e  aid of table in the terms

of Bellaan~ s dynamic programm ing [ 14].

~ lCJI O OCT8 Bm~IXc H ~~~~~~~~ Coc Togjne~ cMcTev’( 2
0 

~
I 

~~~~ 42(~ z~
’)

2 4~ (~) ~~~ ~~~~ . .

— 
N 4~ o~ ~4~~~~) 

~~N (~~~) 
_ _ _

K ey :  ( 1 ) .  ~4umber of re main ing  stages. (2). State of s y s t e m .

—— ___________  ________
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Here 4N ~~~~ - is the  m a x i m u m  income , obta i ned for Pd of the

r e m a i n i n g  stages of process, which begins from state ~ and which

t akes  place in accordance with the optima l strategy:

(W.I)

4, ( x ~ . (W. 2)

o ~~, ~

If it is necessary to ut i lize two var iables , it is possible to
construc t grid in the space of two phase coordinates , fo r e x a m p l e
I 

— ~

~~~~~~~~~~~~~~~~~~~~~
Fig. 111.4.

. -

~ 

-
~~~~~ --, --—-- -- . - -  _ _ _ _ _
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I t  is obvious , the  tasks  of by two variables can require the

considerably la rger  space of  t h e  m e i c r y  of m a c h i n e  and muc h la rger

time for solution, than task with one by variable. It is important

also to note that the state of system can be described by one

variable, but can exist certain number of controlling variables which

a f f e c t  the  v a l u e  of  o b j e c t i v e  f u n c t i c n  and do nct affect the state of

sys tem.  In our case the picture another: there is a whole series of

the governing parameters which affect objective function , wi th o u t

changing the state of system; they are this invclved , for example ,

the coordinate of source in focal curve. At the same time there are

and such steer ing  f u n c t ions w h i c h  a f f e c t  the state of system and the

ob jective f u n c tion , and also some governing parameters. This

function , obviously, is the equaticn of characteristic cur ve: it

a f f e c t s  the state of a n t e n n a  ( f o r m  of its sur faces  is changed) and to

the form of focal curve with scanning.

on the present level of knowledge of tas k wit h many var iables,

they substantia lly limit the sphere of the applicability of the

methods of dynamic  p r o g r a m m i n g , es pecially in the f a i r l y  compl icated

method s when it is necessary to construct multidimensiona l grids.

~ c~o e~— 
( cIc To gume cv. ctew~ (2 )

T8BWNXCR

I 41 (~~~,~~ 4~ ( x 1 t2)~ 4,(x1 t~~ . .

2 ~~~~~~~~ ~~(x~~
’) 4t(x~ ~~~~~ 

.. . . . .
~

: : : :
N 

~~, ~~~~~~~~ 4~
(Ii , t~) 4M (~~4 t)

’
~ ‘ 

•

_ _  _ _  _ _
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Key: (1). Number of remaining stages. (2). State of system.

Page 82.

§1. Special feature/peculiarities of the elementary operat ion of the

synthesis of monofoca l two—mirror antenna wit h the fixed/r ecorded

sector of scanning.

Syn th esis in p r i n c i p l e  can be conduc ted b y both the b y radiation

method and the method of needle—shaped variations .

In first metho d the antenna as such at the beginning of

synthesis not at all exists and is created cnl y in the process of

synthesis. With an entire temptation of this method , it is

characterized by large labor expense, especial l y if be several

c cn t r o l  f u n c t i o n s, by low efficiency due to the presence of

uncontrolled sections and by randomness in the selection of i n i t i a l

c o n d i t i o n s  a t  the  i stage of the first stagE of synthesis.

The second me thod , which we will use subsequently, m akes  it

possible t o  c o n s i d e r a b l y  s h o r t e n  c o m p u t a t i o n a l d i f f i c u l t i es, i n

~ 

~~-~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~ -~~~~~~~~- -- --, 
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particular because in initial stage ~.an be underta ken certain

ar tenna , w h i c h  thereby or by different of tne already know n method s

is led to that per fect ion, w h i c h  i t is possible to ach ieve  d u r i n g  i ts

use.

In accordanc e w i t h  las t/la t ter cons ide ra t ion  the s y n t hesis of

t h e  op~ imu m scanning antenna is conveniently begun with certain

a p l a n a tic or b i f o c a l  a n t e n n a :  A p l a n a tic a n t e n n a  can be used as

f u n d a m e n tal p r inc i p le w it h syn thesi s of the scan n ing monof ocal

a n t e n n a s, but know n bifocal — with the synthesis of b i foca l a s ti g m a t s

which do not have a precise focus.

Apl anatic two—mirror antennas have characterist ic curve in the

form of circumfere nce and are described by the eluations:

d~L 4b~
n
~

f 4 2 t
~+(d-1.

~
- ~ ~~~t 1_)

- ______________________- t~~~~~-~~.( ~~ - COb ~fl1 ‘

Ii • 4 ~~~

Let us  accept  the  e q u a t i o n s  of t h i s  a n t e n n a  for  f u n d a m e n t a l

prin ciple with the synthesis of two—mirror antenna with the

csc i lla t ion  of rad iation pattern in sector t8 ° f rom ax is.

Page 83.

I
- , —~~-- . , - - •

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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In t h i s  ca se, we will be restricted at first to the determination of

the optimu m parameters of antenna in t h e  case cf the  l o cat i o n

r a d i a t i o n  p a t t e r n s  the  edge of sector , i.e., at the point , w h i c h

corresponds to the  beam de f l e c t i o n  of a n g l e  of 60 . By k n o w n method s

can be f o u n d  the  o p t i m u m  posi t ion of source in a p l a n a t i c  a n t e n n a  ~~~~~

for this deviation of diagram and the p rocess of synthesis in each

stage wil l  be f o l l o w i n g :  fo r  d a t u m  o p t i m u m  x~~’~~ we begin

needle—shaped variations in characteristic curve (circumference) ,

beginning about any part of it , for exa mple frcm point  ~.o or
•

The semantic part of the calculation , the optimizat ion of

c h a r a c t e r i stic c u r v e, actu a l l y consists of the joint solution of the

system of nonlinea r equations , which forms the aberrations of the

sepa r a te  r ay~ beaas :

~ ~~ ~~~~~~~ 
‘~t.i~ .~~.

ot t ’ ~ tt
t
l ~~~t . ~~~~~~~~~~~~~~~ 

t~ ,‘.I ~~~~~~~~~~~ 
(Pd.3)

• ~t ~ x i. 
~ 

4((~~ .4(1fli~\

luring the limitati ons:

~

4.

• (U L 4 )

4O~”~ .~s ‘~4. “4Or,i’.~t’

A

L •~~~~-~~~~~- ~- -
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In sy stem III.), , . are the

p a r a m e t e r s  of the mirror point of the ray/bea m in guestion fro m main

mirror; ‘ 4(’4~~~. - the par a m et ers of t he m i r r o r  po in t

examine d ray/beam from auxiliar y mirror.

Pag e 84.

The solution ox. system must ~~ such so that the obtained values
( 

~~~~~~~~~~~~~~~~~~
wo u l d prov i~~e the mirimu m of thc~ standard deviation wa ve of

tron t f r o m  refei~~n ce p lane , i.~~., this process , strictly, and  f o r m s

th~- variat ional problem of synthesis. i1cwev ~ r, the solution of system

cf equations 111.3 taking into account the taken limitations is not

ra tionally ot synthesis on the strength of both the complexity of

equations themselves and the interdependency of steering f unctions ,

as that is .,hown abcve . Therefore , taking into account all the

p r e s e n t e d  cons i d e r a t i o n s, we let us t u r n  tc t h e  s i n g ul a r l y  a ccep t ab l e

me thcd of s lution — to d y n a m i c  p r o g r a m m i n g  f 13 , ~~~~

Initi ally it seems that the content of synthesis in the terms of

_ _ _ _ _ _ _  _ _ _ _ _
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dy na mic pr og ramming can be represented by the recucsion formula

(111.5)

Here 
~~~ (~~~~

‘
~ 

- the m i n i m u m v a l u e  of the aberrations of an entire

antenna ~~~~~~~~~~~~ the stage of the synthesis, w h i c h  w a s  begu n

from state x (certain antenna) ari d which taies place in accordance

with the optimal strategy : the vector cf st€eritj function s U

prcvides a decrease in  t h e  a b e r ra t i o n s .

The sense of relationship/ratio 111.5 can be ex pressed as

follows. Minimizat ion is conducted by the proper selection U ,~4, a t

th e arbitrary stage of interval 0 ~ ~~~~~~~~ During ’stage Up~,4 tne

sel ect ion of the v a l u e s  of st ee r ing  f u n c t i o n s  r~~~~t is rarried out

taking into account the presence precedin g/previous n — stages

( c o u n t i n g  f r o m  i s t a g e )  a n d  N — (n + 1 ) t h e subsequen t stag es at

which the value s of function U already exist (it remaine~1 f r o m  the

p r e c e d i n g/p r e v i o u s  process) . O f t h i s, consists the principle of

cptimum character, which  lies at the  base of t h e  syn thesis of the

scanning opt ical—type antennas.

Speci f ica l ly,  during the first stage is selected such value of

the radius—vector of characteristic cur ve vbich provides

41 (*~~~nt~~ t4~ui~44s ,(U .u,~~.
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Here U is entire resource/lifetime of control , i.e., the p e r m i s s i b l e

class of cha racteristic curves and the rangQ of variations in the

separate zones;

‘
~~~~~ the resource/ liteti me ot control in this zone, i.e., the

l i m i t s  of a v a r i a ti o n  in  t he  radius—vecto r of characterist ic curve in

this zone;

4~(”~ is t h e  m i n i m u m  v a l ue  of d i s t o r t i o n s, w h i c h  can be

obtained for an an tenna , wh ich is tound in state x, if one of i ts

zones  (here  - the f i r s t) chang es  in accordance  wi th t h e  o p t i m a l

strategy .

Page 85.

After computa t ion in accordance with this formula , is

reject/t hrown the old value at the aberrations Cf this zone and in

t h e  m e m o r y  of mach i ne remains the new value of the aberrat ions of

th is zone and all, standard deviations of remaining zones, calc ulated

fcr a suppor ting/reference antenna.

Thus, process at each stage is conducted on the basis of

considerations about the need for the minimization of aberrations

both at this staga and taking into accoun t the values, obtained at
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the subseque nt stages; by this is eliminated the “my o p i a” of

strategy.

I t  is appropriate to recall that the classical form of the

r e c u r r e n t  r e l a t i o n s h i p/ r a t i o  of dynamic programming takes the form

~~~~~~ ~~~~~~~~~~~~~~~~ 
(11.6)

i.e. at each stage of minimization , prccess consists in the fact that

t he select ion of con trol  pr essur e y at t h i s  s t age  m ust m ini m iz e

functional taking into account those who were obtained at the

beginning of this stage of results 4~ 
(
~ 

- 
~~~~~~

. I n o the r wo rds ,

dynamic pr og r a m m i n g  deals every time with countershaft at this stage

plus the initial effect , w h i c h  esta bl ished as a resul t  of a l l

previous stages : there is no account of subsequent results and be it.

canno t, since the control system exists in time and at each

torque /moment usually there is informatio n about its behavior only in

passed and present torque/moments. In this ,, as can easi ly be seen

that consists a difference in the principle of optimu m character ,

which lies at the base of th e  synthesis of t w o — m i r r o r  a n t e n n a  f r o m

the principle of IL Bellman ’s optimum character.

The elementary computational operation of synthesis can be about

small changes in the identical both at the stage of optimization and

at the secon d consisting stage, i.e., at th~ stage strictly or 

__ __ _ _ _ _ _ _ _ _ _  .
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syn thesis.

Page 86.

Let us examine the procedure of comput ~t ions a
t the stage ox.

syn thesis b y the method of needle—shaped vatiations . Let us assume

th at the antenna works on rece~~tion/prccedure and on auxiliary mirro r

fall the ray/beans of source after reflect ion from main mirror (Fig.

111.5) .

‘The typ ical procedure or synt hesis is a v a r i a t i o n  of radius

vector of ch-iracterist ic curve at points with ordinate an d - s

In this case,, ob v i o u s ly , will be charged the para meters of mirrors

f i r s t cf a l l  a t poin ts C, D, it is more precise , on annular section.~

by d i ame ter AC • t~ and ~~D on ma in  and  a u x i l i a r y  m i r r o r s .  Tlie r e fo r f

f u n c t ion  ~ L f o r e n t i r e  a p e r t u r e  f r o m  n e w  c har a c t e r i s t i c  c u r v e  w i l l

virtually diife r from supporting/refer ence antenna only by the value

of aberrations along the ray/beams of for m I, II, III, IV , which fall

on secti on A$ a n d  VD.  
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Fig. 111.5.

Page 87.

The ray/be ams , reflected from ring BD and which belon g to t r o u t

H , a r e  ass igned  as f o l l o w s :
~~

, z ( C , -
~~~~~, 

-~ I) ;, ~~~~ 
(m.?)

I’j ~,l: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~_ 4 ) •

4(f, ’”q1 + 2~~~ d
. t

— it is assigned , i .e.,  ~~~~~

~~~~~~~~~~~~~~ ~~~~~ - ~
==—

~
-

~~~~~~~~~
-: — --.——---- -— -- --
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~~f l -  is v a r i ed ;

~~~~~ d e t e r m i n es  p o i n t  on r i n g  3D in arbitrary section.

The r a y / be a m s , r e f l e c t e d  f r o m  r i n g  AC a n d  w h i c h  be lon g to f r o n t

H 2 ,  car ye fo und a n a l o g o u s l y :
* 

_
~t co s (f~ ~ ~ 

A .~~~f~jfl b~no~~

:4 ( ~~ cos ~~ (W . 8)

~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

+ 

~~•

4 
-
~ i~ 4 N~ A ,

-

?
~t

I C O
~~Tq ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

• L~~~ ~~J~~72 
+

- 1~

0 
~~~~~ 
.i,(l -eo~~)

J Page 88.
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I t  is easy to see from Fig. 111.5 tha t  t h€  par t of t h e  r a y/ b e a m s

of ring VD can exceed the limits or thE aperture of main mirro r, an d

~‘~ 0~~ ê

for t he tarjet/purpcse of t~~ f u l f i l l me n t  0± inequalit y tnese

ray/beams from examination are eliminated also aberrations for them

are not ca l cu l at ~~d ;  t h e  same is related also tc the part of ~he

r a y / b e a m s  of r i n ~j AC of m a i n  m i r r o r , i L  is s u p e r imp o s e d  l im i t a t~ on Ofl

t h c ~ s i z e/ d i m e n s i o n  ci a u x i l ia r y  m i r r o r .

The r e m a i n i r ~g r a y / b e a m s , w h i c h  -~o not  b e l c n g  to r i n g s  AC and  VD ,

w i l l  n o t  v i r t u a l l y  c h a n ~~ t h e i r -  d i r e ct i o n s  a n d  a b e r ri t i o n s  f o r  t h e m

a r e  l e t e r m  in~~d ste r e o t yp i c a  i l y,  i. . , t h e y  a re  a s s i g n e d  w i t h  c e r t a i n

space in t h e  i n t e r va l

- 
~~~~~~~~~~ ~ ~ ~

t a k i n g  i n t o  accoun t t h e  fact t hat ~ ~ tq~ ’) —  t h e  w a v e  f r o n t ,

reflec ted front the aux~~liary mirror

~~ . ( t  _
~~ ~~~~ • ., .

W a v e  f r on t , w h i c h  is r e f l e c t e d  f r o m  t~~e m a i n  m i r r o r

. ~~~~~ - + R~ (II~r9)

Compu tations by formulas for rings A5 and VD , ob vi ousl y, must be

- . -. -- -—--- ---- - - - - -~~~- - -  — -—

-

--- - -. ---—- ~~~~- — —- -~~~~~ -—
-— -—---—
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con ducted at each stage for all variaticn s in cha racteristic curve.

A b e r r a t i o n s f o r  t h e  zones  w h i c h  u n d e r g o  a var ia t ion a n d in a l l

remainin g zones car t  be considered differently. Actually, u s  in the

final analysis interest ~he s u m s  of t h e  s t a nd a r d  d e v i a t i o n s  of p a t h

leng ths along the r a y/ b e a m s  in q u e s t i o n  from standard path. In the

formula of aberrations , enter , obv io u s l y ,  the aberrations of the

preceding/previous , subsequent zones, and  also the zones which are

varied on this stage. Aberrations which follow N 
~~~~~~~~ ~ nd

pr eced ing/ previous n — zones in the process of this needle—shaped

variatior~(r~ - ‘~in the — zone are not changed; therefore are possihl~

two wa ys of the calculations: in the first case th~ runctio n AL is

calculated by pi llar for entire apErtu re du rin g each variation n +l ir.

the 1st interval.

Pa ge 89.

Ancther path assumes that before beginning of this stage of sy nt hesis

are calculated separately all N of standard deviations with respect

to the nu~ tier zones in question and all these values are memorized

toget her wi th common/general/total function AL and part of the m is

utilized for the further construction of the func t ions of quality.

fter (n + ~~~~~
‘ 1) — stage remain n 4 ~~ 1 new standari deviations

and !~ — (ri • 1) — old , calcula ted for a su ortinq/rof~~ren ce an t~’nna ,

_______ 
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i.e., occurs the g r al ua l  r ep l acemen t of t h e  v a l u e s , w h i c h  a re

c o n t a i n e d  in t h e  m e m o r y  of m a c h i n e , b u t  a q u a n t i t y  t h e i r  a l w a y s  is

retained, however , this  p a t h  ca n be used o n l y  i n suc h a ca se , when w~ •

disregard effect n • of the 1st varied stage on one of n - of those

who were var ied and N— (n • 1) — of the nonvaried stajes.

Howev er , strictly speakin g , nece ssar y to ccnsider certain change

in the parameters of the zones , close tc that that is examined at

this stage of synthesis. Let us examine again of Fig. 111.5. Wi th a

varia tion in the paramet .~rs ot ring, AC is se lec ted cer ta i n

d irection, for example ray/beam FEA. But if on cne of the fo l l owi n g

stages will be varied the parameters of ring cy a radius L 1 ~~“ ~~ ‘t hat

direction of beam FEA already somewhat it iill change and it does not

fall dcwn into point A of main m irror , but this means that the

corresponding aberration also to change alsc in sum n — stages it is

necessary t) give the appropriate rep la cem e n 4s.

Furthermore it is apparent that a variat ion in the parameters of

ring VD will affect tne course of ray III and its aberrations; but

th is ray/bea m falls on main m irror at point Ci, a. ~~ ~~~~~ 
,i.e.

th is point it belongs to those f (llowing by the stages of synthesis.

T h u s, strictl y sp ea k i n g, we m ust eac h time operate according to

th e recursion formula

4~ (“~ ‘‘~~‘ ~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~

—
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4~ ,~(U~~~~- is an aber rat ion in  a g iven s tage ,

t 4p~Up’) the sum of the aberrat ions cf those zones on which

cp€rat es present stage;

Z4~ (U,~~- the sum of those standard deviations on which this

stage does not operate (in range rrom the first to the datum)

are sum of standard deviations at all subse quent

s’ages , to w h i ch  thu s t~~r still cotres’~onds the supporting/referen ce

art enna , which Lea  i in e d  from the pu eceding ,ijrev b u s  sti ge.

Pag e 90.

It is hence logical to draw the conclusion that at each stage it

can prove to be simpler to calculate the aberrations of entire

aperture. The computational apparatu s of th€ synt hesis of monofocal

two—mirror antenna with the fixed/recorded sectcr ot scann ing

consists of the step by step applicaticn/use of a complex of formulas

(111.7) — (111.9) or all N — the stages of each cycle of synthesis.

Moreover the functional equation of dynamic programming is act ually

. -
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faster semantic , I will eat calculated , and is determined the logic

of t he a lgo r it h m of the s y n thesis  w h i c h  con sis ts of t he  so l u t i on to

equations (111.7) — (111.9) during the assigned limitations.

The common /general/total course of synthesis in the simplest

case can be represented following block diagram.

__________ r I __________

~ J ~9~j 
_ _

CT3J~HR CT~ AIIR c~aAMR

—-

~

-. -

~

-

~ 

~~~~~~~~~~~~~~~
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Key: (1). cycle. (2). stage. (3). stage.

Page 91.

Here ~~ , ( ‘~~~
‘h I correspond to the cp t imum position of

irradiator in suppL rtinq/reference aplanatic antenna durin g the

d e v i a t i o n  of t h e  m a x i m u m  of  r a d i a t i o n  p a t t e r n  cf the  sa me a n g l o  0.

En tire process ot synthesis, as is evident , i t is b r o k en  in to

the separa te sE mantic sections: cycle corresponds to this position of

the irradiator for which it is carried cut (M • I) the stages of

optimization , but each stage con ta i n s  i n tu r n , t~ of the stages whose

quantity is connec ted with the rumber of intervals to whic h are

d i v i d ed en t ir e ant enna  aper ture , an d alEo with a quantity of sorted

L ~~~ -_-~~~ _ _ _ _.- - - - - - - - -—-_—. ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -  -- —
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out coordinates of the points of characteristic curve for each zone.

S t r i c t l y ,  t he  process of needle—shaped variations contains ri of

the stages each from which is subdivided into N of stages. After th~

first stage from N or stages, mu st be carried cut the serond stage

also from N of stages for the target/purpose of the explanat ion of

the possible effect of the first sections of characteristic curve on

the common picture of aberrations takirg into account its new

sections which are obtained at the last/latter stages of the first

stage. A ctually, at the first stag€s ot the first stage a

need le— sha ped variation in the points, for exaarle in region

it occurs in the a ntenna at whose region ~~~~~~~~~ it occurs in the

a ntenna at whose r’-~g ion ~ ~ 0 has circular characteristic curve 5L~t1

an op timum of the i needle—shaped vari&~ion ( i  stage of the i stage)

a p p ears  itself precisely taking into account this i~orm of

charac teristic curve.

It ~s obvious , i t t e t  1—tb stage of synthesis , c~~~ra~ teristic

curve will n o longer be circum ference .

Thetefore it i:~ expedient to determine , w ill no t ch an ge

co..on/general/total result , it we subject again of varia tion region

in  t he  p re:~ence• of new reg ion  ~ ; 0
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It is obvious , a q u a n t it y o f st ag es N mus t be in t h e  f i n a l

a n a l y s i s  suc h so t h a t  t h e  a b e r r a t i o n s  a f t er ( N  t I) stage would prove

to be more than after the w stage.

After are travelled everything (N + 
~~

) of the stages of

synthesis, i.e., is finished the i cycle, WE change coordinate s 
~~~~~~

The second cycle in principle can nave difterent duration depending

on the degree of the optimu m character cf ccordina tes ~~~ ~~

cbtained ~s a result of the i cycle.

Page 92.

I f  ~~~ • ~~~ a re  alread y op t i m u m  a nd p hase e r ror  w i l l  b e

m i n i m u m , t h e n  cycl e ~~~~ (i~ 4
’~j  will ccnta in actually only one stage

cf s y n t hes i s .  For a comp lete guarantee it is necessary to cond uct

al so cyc le 
~~~ ,(

~ ,)j with the disp l acemen t of foca l poin t in the
[ ( 

~~~~
cpposite direction . This cycle with optimum will also have

onl y on e stage. T h u s , i t  not  one of th e ne w va lues  ~ i and ~

decreases the value of standard deviation , the n synthes i s  ca n be

cons idered te r m i n a l ;  bu t i f w ith  som e ~, or ~ phase er r o r  i t

decreases , t h e n  f o r  t h i s  pos i t ion  of source it is necessary to

conduct anot her a series of stages N—stage process of synthesis in

stages by means of needle—shaped variations in characteristic curve.
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Thus , after conducting of certain number of cycles for the

different position s of source and the identical position of the plane

of reference of the ideal wave fron t, w h i c h  f o r m s  ang le  8 with

ver tical l i ne, we will obtain opt im um antenna.

The pre sente3 pattern of the construction of the elementary

operation of synthesis sati.~f ies  the f u n d a m en ta l  requ i r e me n t s,

presen ted f o r  the a lgor it h m s :

a) it is the sufficiently determined sequence of oper ations,

de te rm in ed b y recu rs ion f o r m u l a, that dce s not leave the place to

arl’itrariness, but li mita tions provide the concreten~ ss of task;

b) elementary operation is mass , since it can serve for the

solution of the whole class of the tasks : it is utilized for the

synthesis of two—mirror monofocal antenna s with any initi al antenna

cf a x i s y mm et ric an d ax ia l l y  n o n s y m r n etr ic , an d also for the synthesis

of len s m o n o f o c a l  a n t e n n a s ;

C) oper a t ion is f r u i tfu l /successful, i.e., d irected , since the

fulfillmen ts of equation for 4,.~~~, (k
’) acco r d i ng  to t he pr esented

diagram , prov ide the finiteness of task after ccnductinj (K + I) of

cycl es, the result ot this rust be optimum antenna .

L .~~~~~~~~~ 
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§2. Alg orithm of t h e  s y n t h e s i s  of t n o n of o c a l  two—mirror antenna wit h

the fixed/recorded sector of scanning.

In this pa r a g r a p h  we w i l l  tu r n di rec t l y tc the examination of

the totality of the ca Lculation formula s, whict ’. lie at the base of

the synthesis of two—mirror antenna with the optimum pa x.ameters.

Initially the tarjet/purpose of synthesis is the simplest task —

provision for m in imun aberrations luring the deviati on of radiation

pattern in m onof ccal antenna.

Nonofocal antenna with the oscillation of radiation pattern ,

apparer .tly, is only iir st approximation to the construction of the

antenna which provides the scanning/sweep Ct ray/beam in sector.

A c t u a l l y ,  satistac~~ion of Fermat ’s conditicn in such antennas means

that they form/shape parallel beam only for one position of source ;

therefore producing pencil beam is fundament al designation /pur pose of

m onofoca l  an tenna , and the possibility of beam swinging only its

s up p l e m e n t a r y  p r o p e r t y .  Of the  o p t i m u m  s c a n ni n g  a n t e n n a  t h e  phase

error in sector must be in the best case ot uniform . Before passing

to  ~he s y n t hes i s  of such  a n t e n n a s , let us give the algorithm ot the
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calcula tion of the monotocal scanning antennas of particular form.

a) the condition of task. To deve lop monotocal. antenna wi t h the

following funct ion al parameters: ~~o • ~~~ o~~~ the position of foc us on tn 4 .

a x i s ;  ‘ - the pos i t ion  of source in focal  p l a n e, w h ich

corresponds to the deviation of radiat ion pattern of ~0 from axis.

T h u s , the target/purpose of synthesis lies in the fact that ,

obta ining of antenn a with focus on the axis , but ensurin g smallest

po ssible d istor tio n s d u r i n g t h e bea m def lec t i on  of a n g l e  ~ 8 f r o m

axis , moreov~ r source must be arrange/located at the previousl y fixed

pcint . Here , it is logical , the discussio n concer ns var iat io na l

problem and the minimum of distortions at pcint x 1, Yi ( f o c u s a t

poin t ‘o ~ ) is assumed not in absolute , and in extreme sense , i.e.,

it is not  assumed  t h a t  t h e  a b e r r a t i o n s  m u s t  be equa l  to  ze ro.

Page 94.

For t h e  s y n t h e s i s  ~ f t h i s  a n t e n n a , it  is poss ib le  to use t h e

procedure of the preceding /previous paragraph , the p rob l em can be

still simplified , i f  b esi des t h e pcs it i cn s  cf ir r a l ia tors is a s sign ed

th e position of axial focus relative to the apex/vertex main mirror

(apical cut N). In this case is realiz~~d a v a r i ati on on l y  in

ch aracteristic cur ve and distance between mirrcrs.
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The block diagram of synthesis consists of N • of 1 c y c l e , each

of w h i c h  co n ta ins M + of 1 st a a es~

T 3Ta1T ~2-~4a T~~j ~~~~~~~~~~~~~~~~~~~~

2—9~ .
cT~;i~R L__CTW~~K I) . cyc:ie (4) - s t a g e_  ( J)  . s tage .

Here “stage ” corresponds to separate variations in the

param eters of this zone , a n d  t h e  g r o u p  cf “stages” is complete d by

th€ selection of the o p t i m u m  p a r a m e t e r s  of zone  and  it compose s the

v a r i o u s “stage ” of synthesis.

Each “cyc le” u f  b l o c k  d i a g r a m  c o r re s po z J s to t h e  l i f f e r e n t  a x i a l

size/dimension of d: a next :;ej ies  of she stages of synthesis makes

it possible to establish /install the mutual effect of variations in

characteristic curve an .i ot the axi al size,’aim€ns ion of antenna.

If it is necessary to examine even the eff ct of the foca l cut

N, then. block diagram must be converted tc the form
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_ _ _ _ _  

r~iI 
i
-., 

_

~ r~ 
[i  u~~~ j _____

Ke y :  ( 1 ) . cyc le .

P a g e 9~~.

H~~re t h e  c o n t e n t  of o p er a t i o n  “cyc le ” t h e  sane as in

p r e c e d i n g/ p r ev i o u s  b l o c k/ m o d u l e/ u n i t  t o  d i a j r a m .

L~~t us e x a m i n e  i r i e f l y  some of t h E  p r c i i n m i n a r y  )p~ i r n i z a t i c n

which have large value in this problem.

~ua1it atively the process of ~.relia inary op timiza tion proceeds

as follows . Let there be certain antenna w i t h  a d i a met e r  o f  ~, t h e

axial size/dimension d., and the focal length 4, ; the f o ca l  c u r v e o f

this antenna (Fig. 111.6), for example , ha s form A ’ , A’ , durin g

r i e v iat  ion )f radiat ion pattern to angle 9 t~ om axis. Iii the ~eneral

case p o i r t  ~ w i t h  c o o rd i na t e s  ~~~~~~ does n o t  l ie/ r ~’st on ~ hi~
cu r v e , t~~r ’n in t :~? p r o c4~•ss of sy n t h e s i s , i t  is n e c e s s a r y  ~ o fj t  t h i ~

aplanatic antenn i (since the d i~;c u:~si Cr .  c o nc e r n s  the  m~~nof oca~

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  -
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a n t e n n a ) , at whos e p o i n t  ~~~~ would lie/rest on tocal curve d t h i s

a n t e n n a  and its position corresponded t c  t h e  nece s sa r y  an ~~le of

d e f l e c t i o n  of r a d i a t i o n  pa t te r n , i.e., at t i r s t  necessa ry  t o  f i t  t h i s

a p l an a t i c  a n t e n n a  ( 4 ~ /~~
., , D, w ’), so that i t  m a x i m a l l y  w o u l d  a p i r o a c h  in

its functional para me ters  ~~~~~~~~ for + 80]  to  by the a n t e n n a  to

s y s t e m , w h i c h is t h e  t a r g e t/p u r p o s e of S y nt h e s i s .  The f u r t h e r  p iocess

of s y n t h e s i s  is con . i uc ted a c c o r d i n g  to the m e t h o d  of n e e d l e — s h a p e d

v a r i a t i o n s  f o r  t h e  o p t i m i z a t i o n  of t h e  f o r m  of characteristic curve ,

an a x i a l  s i z e/ d i m e n s i o n  and  a foca l cut  f o r  t h e  purpose  of obtaining

r i r i m u m  d i s t o r t i o n s a t  p o i n t  ~~~~~~~~~~ 

.— -. ________________________________________
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F ig. 111.6.

P age  96.

As .1 w h o l e  t u e  a l  go:  xt h mr of s y n t h e s i s  is s u c h.

Co n l i .  tlO fl of th ~r h l € m  o~ :~ y n t  L~ s i r ;

the  d i a m e t e r  if ,tn t~~nn~ D;

the position of irradiator x 1 y 1 ;

the angle of leflection ot ray/bear 8.

Limitations:
ci. ~ , 4,,~~ s ~ ~~~~~~ 

$ M S M ,.
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In i t i a l  a n t e n n a :  t w o — m i r r o r  a p l an a t i c .

T h e  o bj e c t iv e  f u n c t i o n

AL L . (111.11)

He r e H 2 is t h e  f r o n t , r e f l e c t e d  f r o m  m a i n  m i r r o r ,

~ ~( c 2 -~i~ -flj) (~ .I2 )

— t h e  f r o n t , r e f 1~~c te d  f r o m  a u x i l i a r y  m i r r o r ,

= ( C 1 -
~ Nt — 

~ , ~ 
,,

~~~~~ , 
, (~ll .I3 )

~~~~~~~~~~~ coordina~~~ p of the points of standard p l a n e ;

4im ~~ sur f a : e  o t  a u x i l i a r y  m i r r o r ;

t he  s u r f a c e  of m a i n  m i r r o r ;

~~~~
- standard to surface of auxii lary mirror;

is n o r m a l to the  su r f a c e  of ma in m ir r o r ;

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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r~- t he f r on tal s u r f a ce of the w a v e , dhich falls to auxiliar y

mirror fro m source with coordinates

The stages of needle—shaped variations consist of consecu t ive

calculation and the estimate/e valuation of the aberrations of all

sections, including of those that b e l o n g  to  su ortinq/ref~~r.~nc~

antenna or the ant enna , obtained in the preceJing/previous cycle ot

stage (only calculation) , anu also the sections tor w h i c h  ar .~
realized the variations (calculation and th€ estimate /evaluation of

aberrations )

Dur in j  use on the : irst cycle as the su~ port in 1/reference

aplanatic antenna of aberration during the tit.~~t stage of the first

s t a g e , the y c o n s i s t  of t h e  a b e r r a t i o n s  of t r i i s  a n t e nn a .

Pagr 97.

C o o r d i n a t e s  of wa ve f r o n t  at  output from the antenna
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~P•

lOb $ ‘ bLr~ 9

~~~~~~~~~~ ( *~ - H~~~~4 ~~~~
(1.14)

4

H %~ ~ (c~ . H 1 I) ~~~~~ ~~ 
.

, 
.

, -

(c~~. - H , j ) ~ 
(1.15)

t (c1 - - 
~~~~~ ~~t% ‘ 

.

.

. 

,

. .

- t (~~,, ~~~~ ~ ~~~ ~
— t(~~ , ~~~ . - . 

—

~,$‘ ~~~~~~~ 1z~ ’’~ ~~l%~~14 ~~ )’l L % (1.16)

U 
- ~~~

~~~

~1 tt  
• ~~~ 

bi.r~

Ii~ - H , 1(H I~ -~~
‘)‘+ ( H  ,~t~L

4 ( ,4 - ~~ (1.17)

BEST AVAIlABLE COPY

L ~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. - -  - ~~~~ - A
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H ,, • (c , — —

• (c , - 
~~~~~~ 

+ 

- 

(1.18)

~~~~~~~ -
~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

+~~~~~

• p,~ -2 (~~~p,~ + p . 
~

• P,~ — 2(il ,~ P,~ 
4 i~~~ p,~ + t~$% ~,%) ~~~ (L2 9)

• p,~ - ~~~~ p,, + ~~ •q,~ ~~~~~~ ~

—

‘ iç~~, r
* 

t ,I~~rt qP,c o b .~~, —

(L20)
t,b,~fl ~~ ~~~~

P,1. * ______ ______

a t , -

* COb (tq , -(b,),

• Cob ~~., ~~~~ t~, — [b ,) -, (8.21)

• $~
r
~ ~~~~ bt ’~ ( I .e, — 

/b,
’
) , j

it - a;,
(1.22)

d 4 n ~~.tL~ .~t ( d . .t , ’) 
-‘I ~~~~~~ ~~~~~ 

~
JW ’t ’

T~~~~ ~~~~~~~~~~ 4 II -

BEST AVAILABLE COPY
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Calcu la t ion  begins agains t  co mpu t a t i o n s  ~~, (111.23) at each

Space I ?, ~~~~~ ~ ~ ~~~~~ result is valid for all combinations 0, x 1,

yl-

it  is c o n v e n i e nt to  relec t c o n s ta n t  C 1 in  the  f o r m  of sun

c, ~~~~~~~~~ ~~~ (t bl..~ ~q, ~~~~ .t~~)
’ 

(t,sLi~ q, U.t “i’)~. ~~~~~~~~~

w h i ch is c al c u l a ted w h e n  i~ , ~~~~~~~~ , ~~~ •
~~‘!

‘ o n l y  w i t h ch a n g e  of x 1 and

y1 arid does not depend on .‘,

~~~~
, - 

~the angle , whi ch determines the position of section n

auxiliar y mirror a n d  together with angle 
~ assigning is the

position of point on this mirror in space. t, and h is a s s ign e d

the  pos i t ion  of source, carrie d out frcm focus.

The c omputation of the coordinates of the intersectio n of

ray/beam wit h main mirror (
~~ ~~~~~~~~~~~~ is con ducte~ as follows: for

th is  comb i n a t i o n  e , * , . . ~l, they are calculated for d i f fe ren t  ~~
in in t er v al . . ’f t ..~~ ~ ~

BEST AVAI LABLE COPY
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.

I 
~~~~~~~~~ 

- - s~
j
~ 

- 

(I•24)

t , ‘~~~ 1 $L.~ ‘-
~~ ,

where  
~~~~~~~

- 
_________= 

~~~~ f d~~~~~~( - COb ~~~~

I
~
, is d e t e r m i n e d  (111.21) wit h support/socket 

~ instead of t,

Obt ainel values (111 .214) are subst jt.ut~ j irto the e~ uatjor

It. - I s. ~s . ~i-~ ~1- 

(~~~5)

w her e

• 1~ C O b

• t1 b~~$~ (f, C Ob

• •t i bin bL.~ .‘,.

Pa ge 100.

If equation (111.25) is satisfied , then *%,k,i~ there is
r e a l l y/ a c t u a l ly  t h e  c o o r d i nat e  of t h e  po in t  of i n t e r s ec t i o n  of

r a y/ b e a m  w i t h  m a i n  m i r r or .

BEST AVAILABLE COPY

L~~~~
. .~~~~~~~~~~ .
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The recursion formula

4 (*~ 
. ~v~t p ~ [4 •~(u~ s e ’) # 4 

~~~~ ~~~~ — (8.26)

~ 4ø mo.*

I t is lo g ical to assum e tha t p r e l i m i n a r i l y  f r o m these f or m u l a s

are calculated the aberrations of entire aperture . However , a l r ea d y

af ter variations durin g the first stage , the sect ions in question

will not be determined I-y the circular form of characteristic curve.

Actually, during the first stage of the point of character istic

curve , the y will take the form:

I • 4(If .~ )cob ~~

and t h e n

• 
~~ 

t ~~~ (8.27)
* ~~~~ t 

cos

if opt imum is not the point of initial characteristic curve .

Th e coor d ina tes of t h e v a r i e d  sec t ion , o b v i o u s l y ,  can be

assigned i n  a mos t  l i v e r5 e  m a n n e r , h u t  in the  m a j o r i t y  of the

p r a c t i c a l  cases is iore p r e f e r a b l e  such ro et uod of t h e  a s s ign m e n t  of

the vari ed points, which easily can be expressed in analytical form.

For oxample (Fig. 111.7) • point C belongs to varied section of

an tenna , and to P. and B — point of characteristic curve, belon g ing
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nei ghboring sections. Point C is c h a r a c t er i z e d  by ang le  ~ and  by

ordinate ~c i is obvious , the o n l y  l i m i t a t ion , w h i c h  can be

superimposed to t he  coordi n at es of p o i n t  C

~P4 ‘1

i e .  t h e  p o s i t i o n  of p o i n t  C is limited to the angle of ADV .

Pa ge  101.

Most s i m p l y ,  a p p a r e n t l y ,  it is  po ssib le  t c  a s s ign  the
I ‘Ic o ot d i n a t e s  of p o i n t s  C a n d  C , if t h e y  a re  ~r oj € c t i o n s  na a n d  p o i n t s

A a n i  res~~ -ct i v el y .

the angle ‘~ of the v ar ied sec t i on  c h a r a cter istic c u r v e

accept .~: n n l y t h r e e  v a l u e s  one of w h i c h  b e l o n g s  to i n i ti a l

characterist ic curve , and two cthers are conn€cte~ with pr ojection s

of p c ir t s  A and  B:

1
~1

‘ft ’ ~~~~~~~~~ ~~~~~~~~~~~~~

~~1~~~ ~~~~ 4(tq _.. 
~) t O b~~~ 

~

I. . .—-—-- ~~~~~~~~~ . ----..--- ----—-- - - ~~--  — - - ----- .
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Therefore the limitations , pre sen t ed  above can be sup~:1emente 1

by t h e  i n e q ua l i t y

~~ Q tCt% 

~~~~~~~~~~~~~~~~~ ~~

i. e. at  each s tage  a n g l e  ~ m u s t  no t  exceed the limits of adjacent

s t a t i o n ar y  angles  (a n g l e s  ~ and p, in  F ig .  111.7) .

~ .Lq. 111. ‘1.
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Page 102.

A deficiency/lack in this method of t h e  a s s i g n m e n t  of t h e

coordinate s of the varied sect ion is that in the general case cannot

be obtaine d eve n the local extremu m at this stage of needle—shaped

var ia t ions in v iew of t h~ lim itedness of tne r a n g e  ot a change in the

va riables.

Consi d e r a b l e  d i f f i c u l t ies can ar ise  a l r e a d y  at. the first stages

cf t h e  f i r s t  s t a ge  w h e n  as a r .~sul~ of n e e d l e — s h a p e i  v a r i at i o n s

instead of , for examp lc~, the circular ram of characterist ic curve

it , but at f irst onl y its part , is obtained in the form of the

dialing/set of the points , not connected by single equation. This , it

is logical , it is related also tc the surfaces cf mirrors. Therefore

there can be two possibilities of: either approximating these points

ct some curve and using during tne calculation cf it by equation or

to memorize entire dialing/set of opti~~um pcint s . Here it can be

n o t e d  4n~~t d u r i n g  t h e calc u la t ion of t h e  a h~ rrations of the spaced

a n t e n n a s  n e v r -~r t h ele ss  is necessary  in the fina l analysis to re sort to

the discreteness of airfoil/profiles and to the numerical methcds of
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integration; therefore the memorizatio n ot the discret e’ points of

charac teristic curve can and not be insurmounta b le difficulty in the

m e t h o d  in  question.

The given above form ulas for the calculat icn of aberrat ions car .

be , o b v i o u s l y ,  used a l so  on t h o s e  s t a ge s , at w h i c h  c h a r a c t cr i s t i c

urv ’~ is not circum ference. In the genera l case characteristic curve

c a n  he r e pr e s e n t e d  ~n in t h e  i o r m  of a c e r t a i n  c u r v e

• 4 (i, ) S~ n (~

and torm ula (III.8)—(IlI.23) can be preserved if we represent

(111.23) in the form

4~~n. (f~ ~~t~~—~ -— (d. -l~r)
2 [d~. _ 4 b ~.pt

t
.4

L
! _]

I f  c h a r a c t e r i s t i c  c u r v e  is a s s i g n e d  in the forn of table , the n

instead ot the latter equation it is necessary to utilize recursion

fain u lac.

Pa ’e 103.

Let us note the special feature/peculiarities of the

construction of logical operations in those stages in which —

characteristic curve will be represented by tir e dialing/set of

p o i n t s .
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Befor e n e g i r i n i ng  of t h e  f i r s t  st .~. j e  0 1  calcu  lat  ion in the rrenrcty

of machine , is stored the value of the total aberrations of -~ntire

aperture of su~ porting /referenct~ ar.tenn a AL 0 . ~u t i n g  th~- first stage

are c a l c u l a t e d  a b e t- r a t i o n s  ~L1, ror rings AS a n d  VD(Fiy. 111.5) with

tbe coordinates of c.-~a ra c te r is t i c  c u r v e :

(111.28)
~. • 4 (~~~,~’~cos ~~~~~~~

ac~ ~and an entire remaining part of the antenna The ob tained

va lue  a L~ is corn ~ a r e i w i t h  s u pp o r t in g / r e f e r e n c e A L o ; i f ~L’1 ( A L 0
4 th en of the memory of ~aachine is rubbed A L 0 , and is memori zed a L ’,

coord inate (111.28 ) and an entire rem aining part of c h a r a c t e r ist i c

curve.

In t h i s  ca5c , a L ~ is m e m o r i z e d  in  t h e  f o r i f  of t h ~ su~ of t h e

ab e r r a t i o n s ~t this rin~j and e n t i  remainin ) part of the aperture

• A t  • 
~~ A t  

~~~

On second sr~~ge are calculated t h e  a h~~L r  at ions f o r  r i  n qs  ~S a n d

VD wit h the coorlinates of c h a r a c t e r i s t ic c u r v e :

I• 4 ~~~~~~~~~~~~~~ 
(tM~29)

+-hey are s umnlaL iz? 1 with t h e  a b e r r a t i o n s  of an ~n t  i r e  r en a  i n i ny  p a r t

L __________ 
_ _ _

_ _
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ot t he  ~t n t  enn a  ~~~ If  n ew v a l u e  Ac, j
~. low e r  ~ han ar cv i ous  oL ’,

t h e n  in t h e  m e m o r y  of m a c h i n e  r e m a i n s  A c , ,  c c o r d i n a t e ( 111.  29) a n d  an

e n t ir e  r e m a i n i n g  p a r t  of c h a ra c t e r i s t i c  c u r v e .

A t  t h e  ~h ir i  st ag :  a r e  c a l c u l a t e d  t h e  a b e r r a t i o n s  of the ring

( Ill • 30)

‘ 4 (~~~~ 
1
~’a~

and of an entire remaining part , including (111.29). New sum AL ’:’ is

com p a r~ u wit h 4L and is selected smaller value , th at also is the

r e s u l t  of  t h i s  stage .

Pa~~c’ 104.

Thus, on each  s e c t i o n  or rijertUre ice c a l c u l a t e d  t h r ee  v a l u e s  ot

t h ~ a b e r ra  t i cn s  of tn is r i i~g :

~

(t i c y  a r e  st or e  d i n  t h e  rrem ot y of m ach i t r e ’  o n l y  on t h e

ex t en t / e l o n g a t i o n  o r  t h i s ;  s t a ge)  ~ n d a L e r r a t i o n ~ of an  en t ir ~

re m a i n i n g  p a r t  ot t h e  a n t e n n a

A

which are calculit~~d one time for each int e L v a l  of aperture (each

i n t e r v a l  i t  cor r e s p o n d s  to  t h r ee  s t a g e s  of s y n t h e s i s ) , ~~~~~~ it i~;
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storci in the me:~oLy for the exten t/elongation cf ~h r’e stages , which

correspond to one interval cf aperture.

Tctal aberration at this ~tag~
. is equal tc:

• + 
~ 

1 %, • ~ •1,i ,b (1.31)

In accordance wi t h  that which was pres~int ed in the memor y of

Erachine , are stored th~ aberrations in the iorm or the t~-rm s of sum

(111.31) an l  of th e coordinates of the cpti num ~oint ..~ of

char acteri~~t ic curve or the equation or it~ p a r t , it tn~ d iscuss ior.

c o n c e rn s  t h e  u n f i n i s h e d  f i r s t  st a y t  a n d  t h e r e  is a t  l e a s t  a p a r t i a l l y

su p p o r t i n g/ r ~- L e r e n c .~ a n t e n n a , u sed as 4 h e  h a s i s  of s y n t h - ’s is.

This formulation of the log ical operations of the algor ithm of

synthesis ,. ohviously , is n ’t the only ~cssicility . For example , as

noted  a b o v e , at  e a c h  s t ag e  ci s y n t h e s is , can  be c a l c u l a t e d  t h e

abr rcation s of ent ire aperture , and then in the mem ory of machi re n e

.~t rc,1 only initial data and the c o o r d in a t e  of c h a r a c t e r i s t i c  c~~r v e .

Thus, in present para graph is m anufactured the sequence of t h e

calculation tormu las whose application/us e m ust ensure the

co nstruction of optimum two—mirror antenna ~itb the oscillation of

radiation pattern , the deviation of diagram of this angl~ e
corresponding the l ocation of source at p o i n t  ‘,‘~ i i.~~., is com p rised

_
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n u m e r i c a l— l o g i c a l  algorithm , wnich is of the ccnsecutive execution of

arithme tic ocerations (calculation ot aberration) wit h t h e  subst~gu ’- r t

eval uation or th~ obtain cd results fcr each , the stage of synthesis

(logical operation) and ~he selection of the mcst optimu m pa rame~ ets

both t h e  separate sections and the a n t e n n a  ct  sy s t o m  as a w h , ) l e .

P age  105.

h)  ~he following possible task of synthesis consists of the

develop:~~n t of antenna a lso wit h th~ fixed /recorded ar. gula r s.~ct or .~~t

scanning , hut already with th e pre det ern in ed trajectory of th e

disp 1ace~nent of source. Term “p:edeterni ined trajectory of the motic n

of source” can have the different tr~ ataient : it is possible to count

tha t is assigned the e~~uation of trajectory (straight line , cir c l e )

and its geometric Iim ens icns , and it is pc s~~i bl e  to assume t h a t  is

g i v e n o n l y  e gu at i o n  of t r a j e c t o r y ,  a n d  it i t  is yeometri~

size/dimensions (for exanp le , the position of scurce at the edge of

sector) they are not specified . in this case , can be assigned

followin g parameters: the diameter of antenna ., axial size/dimension ,

size/dimensions th e sector of the oscillation of beam an the

characteristic points of f o c a l  c u r v e .  The s f  p o i n t s  can c o r re s p o n d  to

the position of so u rce on the axis (since it is consideted monofocal

antenna) and to its position during the devia t ion at bean of maximum

angl..~. Eiowev~ r, assigning the çus iticn of source at the eige of the
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sector of s c a n n i ng ,  it. is p o s s ib le  to  c cn s iu e r a b l y  i m p o v e r i s h  t a s k ,

s ince  t h e  p o s s i b i l i t i e s  of a v a r i a t i o n  in c h a r a c t e r i s t i c  c i r v e  in

large measure will come to a variation cnly in form of characteristic

curve with out a s u b s t a n t i a l  c h a n g e  in  t h e  p a r a x i a l  f oc u sc~ot  antenna.

Therefore in the gen~~ral case it is expedient tc assign only position

ct source on the axis and the angle ot deflection of ray/beam tI , but

i t s  p o 5 i t i o n  at the edge of ~ector will be determine d into the

process of synthesis.

Con d ition of the task of the synthesis:

the diameter D

the focal curve

the sector of the scanning o’ o ~

focal or cutting. ~~~ .

Lim itat ions
4~~4 o ’

~ M~~~ O b

at each stage~~ a n g l e  i~

~ ~~tC1%

. - — -
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F age 106..

C a l c u l a t i o n  t o r m u l a .~. — ( I I I . 8 ) — ( I I I . 2 / . )  t a x i n g  i n t o  a c c o u n t

(III.25)—(11I—27)

(The should especially touch the questicn ccncerniny the

e s t i m a t e/ e v a l u a t i o n  of t h e  a b e r r a t i o n s  w h e n  is a s s i g n e d  f o c a l  c u r v e ,

but not isolated point of the location of source . It is ~asy to see

that p revail ing will he the requi rement not for the mi n imality of

aberrations for the particular angles Ct d~~flectior. ol lay/bea m , but ,

tor ex ampl e , tne minimum of th e av e rag e valu e of the roo t _ m ean_ square

ab e r r a t i o n s of en t ir ~ ap erture , calculated for the optimum rositions

of source in focal curve .

Acc ording to ipo roxim at ion met hod in th e sp~ice of strateg ies, as

t h e  basis of s y n t h e s i s  can be place d certain kncwn antenna whose

fun damental parameters are wax iwa lly ai p ro xin a te d tc the parameters

cf t he  w h i c h  i nt ~-’r e s t s  us a n t e n n a .  Let us use, a~; b e f o re , as i n i t i a l

aplanatic ant enna with the same size/dimensions 1, D, x0, Yo-

rt is assumed  a l s o  t h a t  by t h e  k n c w n  rrethcds of the optimization

ct t h e  p a r a m e t e r s  of a p l a n a t i c  a n t e n n a s  is f o u n d  the antenna w i t h
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m i n i m u m  a b e r r a t i o n s, i .e . ,  is foun d t h e  r a d i u s — v e c t o r  4~ of

c h a r a c t e r i s t ic c u r v e  ( c i r c u m f er e n c e )  at  a~: s ign e d  d, D , X 0, y 0 .

The procedure of synthesis is determine ! by the followin g block

diagram:

~~~~~~~~ ~
_ _  

- 

.

Key: (1) . cycle. (2) . stage.. (3). stage..

P a g e  107.

Here  each s t age  — is s e p a r a t e  n e e d l e — S h a p e d  v a r i a t i o n  in state

space. The very complex and laborious result of each v a r i a t i o n  is t r i o

se l ec t ion  or t h e  o p t i m u m  v a l u e  of the variea radius— vector of

ch a r ac t e r i s t i c  cur ve: each  v a r i a t i o n  can  be e s t i mat e d  ( i t  is accepteu
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or r e j e c t/ t h r o w n )  o n l y  a f t er  t h e  c a l c u l a t i o n  of the aberrations of

e n t i r e  a p e r t u r e  f o r  c e r t a i n  p o s i t i o n  of s o u r c e .  The realiz ation of

stated problem requires the expansion cf the space of roug h estimate ,

since it is necessary ~c consider that it is assigned th~ wh ole Lo cal

c u r v e d , but  not  one  p o i n t  of t h e  l oca t ion  of i r r a d i a t o r  ( i n c rease  ii i

t he  d ime ns i o na l i t y  of t a s k )  . Th e r e f o r e  to e a c h  s t age  it  corresponds

as m a n y  t he  c o m p u t a t i o n s  of the aberrations of entire aperture , as

separa te p ositi ons of sou rces w i l l  be i so l a t e d  in foca l c u r ve  ( sm a l l

squares on bloc k d iagram) . Each stage of block diagram means that for

this zone ~~lected opti m um value of c o or d i n a t e s  t a k i n g  i n t o  a c c o u n t

t h e  presence ot a l l  r e m a i n i n g  sec t ions  of m i r r c r s  a n d  c h a r a c t e r i s t i c

f u n c t i o n  w h i c h  are o b t a i n e d  at t h e  b e g i n n i n g  of t h i s  sta.3e.

Each cycle cj n t a . i n s  t he  s e p a r a t e  d i a l in g , se t  of calculations for

all zones of t he  a n t e n n a :  t he  first cycle contains the first

v a r iat i o n  in t h e  a p l a na t i c  an t e n n a , t h e  seccnd cycle c o n t a i n s  a

v a r i a t i o n  in t h i s  v a r i a t i o n  a n d  so f o r t h , u n t i l  n e x t  v a r i a t i o n  leads

to an increase  in t h e  a b e r r a t i o n s  j t  c c w p a r i s c n  w i t h  t h e

preced ing/previous antenna.

C) finall y ,  most  g e n e r a l  pro b le m of th~ sy nthesis of the

monofoca l scann .ng antenna — the ccnsttucticn of antenna with the

m i n i m u m  a b e r r a t i o n s w i t h  of t h e  o s c i l l a t i o n  of r ad i a t ion pa tte rn  in

sector tO wi thout limitations on form , trajectories and on the 

-_ -  ~~~~~~~~~~~~~~~
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position of sources in the process of scanning .

The o n l y  concr ete d e f i n i t ion , whi ch it is expedient to

introduce , is assignme n t of axial size/dimensior and positio n of

focus relative to the apex/vertex main mirrcr . To variations is

subject the form of characteristic curve , inclu ding the value of

paraxial focal length.

Page  108.

In t h e  process of  s y n t h e s i s, it is n e c e s s a r y  t o  i n t r o d u c e  t h e

concept of t h e  m inimum or a b e r r a t i o n s  in the sector of scanning . to

consider the average (or root—mean—s quare ) value or aberrations in

all sector is necessary, if we assume that is possihie such mono focal

antenna , at whose aberrations are not propo rticra l to the deviation

of diagram from the axis of antenna. Therefore in the general case it

is necessary to utilize value

cr 

A L

~L

c)~arac teri z ing  distortions in all sector of scanning .

~

.-- -- .

~

.

~

- -  .
~~ 
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Here  A L e is an average value of aberrations in sector; 6~~~ is

an a b e r r a t i o n  a t  t h e  p a r t i c u l a r  po in t  of t b e  f o c a l  c u r v e :  p — t h e

n u m b e r  of p o i n t s  i n  f o c a l  c u r v e  in w h i c h  a re  de s igned  aber r a t i o n ;~~L~~,

is t h e  RMS v a l u e  of aberrations.

In t u r n ,

~ 
+ it~ + - - ~ Al ~j

A (L39)

cr

~~~ ~ --~ - ç. Ac , (L34 )

w h e r e  Al ,, a re  a ber  r a t i o n s  on s e p a r a t e  r a y / b e a m s ; ‘~ is a number of

zones to which is broken aperture of antenna.

A be r r a t ions ( I 1 l . 3 L ~) c o r r e s p on d  to a b e r r a t i o n s  ( 111.8)  a n d  t h e

singinj of formula (III.8)—(iII.24) takirg into account

(ILr .25)_ (III.27) are valid also in present task. conditions and

l i m i t a t i o n s t a k e  t h e  f o r m .

t t  is g i v e n :  d i a m e t e r  C , t h e  sec tor  of s c a n n i n g  o’se~e~~,

Limitations:

4 ‘ 40
M 

~ ~~ ~i ~o .

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
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P a g e  109.

I n t e r v a l  of v a r i a t i on s  in t h e  a n g l e  0 at each  st a g e

~~~~~~~ 
~~~~~~~~~~ 

-
~~ 

~ 
~~ % - A

I~ is q u a l i t i t i v e  t he  process of sy n t h e s i s , as in t h e

p r e ce din q/ pr~~v i o u s  cases , i t  is c o n v e n i e n t to  c h a r a ct e r i z e  b y  t h e

t l c c k  d i a g r a m :

1 1
.11 2—I giil

I 

- 

i —
i 

I —
I—u ~ ] 2—a ~!~~fl [ ~~~~~ 1

~ 
c~~ isi j [ 2~~ oTa~s~ 

.~~~~~~~~~~~~~~~~~~~ . ~~~~~~~~~ . ~ . .
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Key: (1). cycle. (2). stage. (3). stage .

The  f i r s t  s e m a n t i c  o p e r a t i o n  is t h e  c a l cu l a t i o n , w h i c h

correspond s to the s q u ar e  of “s tage . ” A t each s t ag e  is v a r i e d  cne

coordinate of the zone Ct antenna in question. For these variations

are calculated the aberrations of entire apErture , the sou rce

c o n s e c u t i v e l y  o c c u p y i n g  a series of p osi t i on s  in  a c c o r d a n c e  w i t h  t r i e

d e v i a t i o n  of r a d i a t i o n  p a t t e r n  f r o m  a x i s  at a n g les f r o m  Q O  u p  to ~~~~~~~~~

In t his ca se, for each p o s i t i o n  of r a y / b e a m , it  is n e c e s s a r y  t o  f i n d

t h e  best pos i t i on  of sou rce  ( p c i n t  of t h e  be s t  f o c u s in g )  a n t i  t h e

c o n n e c t ed  g r o u p s  of  s m a l l  s q u a r e s  cor r c sp o n ~i t o  t h e  s e l e c t i o n  of t h i s

p o i n t .  T h u s , each sr r a l l  s q u a r e  c o r r e sp c n d s to the  c a l c u la t i o n  of t h e

aberrations of entiro aperture for this position of source in this

ang le of deflection of r a y/ b e a m a n d  t h i s  variation to coordina te the

zcre in question.

Page 110.

The n u m b e r  of g r o u p s  of s m a l l  s gu a r es  c o r r e s p o n d s  to  t h e  n u m b e r of

i n t e r v a l s  to w h i c h  is d i v i d e d  the  sec tcr  s c a n n i n g .

Each  ~;t a g e  c o n c l ud e s  w i t h  t he  se l e c t i o n  ot a o p t i m u m  va r i a t i o n

in t he  coo r d i n a t e s  of sep a r at .e zon .~ t a k i n g  i n t o  a c c o u n t  a b e r r a t i o n s

in a l l  sector of  s c a n n i n g .

I

—

~

-— .

~

—- - . . .
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C a l c u l at e d  ;ycle c o r r e s p o n d s  to t h e  d e v e l o p m e n t  of  t h ~ n e w

antenna which on its aberrations is better than that tha t was

selected as the base before beginning cf t i €  process of s y n t h e s i s ,

e i t her  i t  is be t t e r  t h a n  t h e  a n t e n n a , cb t a in e d  as a r e s u l t  of t h e

p r e c e d i n g/ p r e v i o u s  c y c l e , i.t , each c y c l e  is a r e s u l t  of a v a r i a t ion

in t h e  a n t e n n a  w i t h  new b o u n d a r y  con i i t i o ns , p r e c i s e l y ,  fr an ’  r o w

characteristic curve or  n e w  ax i a l  f o c a l  s i z e/ d i m e n s i o n , if vitiation

be~~ins from or zon e (y = 0).

~3. Algorithms of the synthesis of n o n — f o c a l  a n t e n n a s .

As ~he scanni n j  e l e c ti  o m e c h a n i c a l  a n t e n na s  it is mo st  e x p ed i e n ~

to a p p l y  s u c h  dev ices  in  w h i c h  b ecause  cf c e r t a i n  compromise can be

o b t a i n e d  the p r o j e r  t i e s , wh i ch  e n s u r e  t h e  gr e a t e : ;t  i n f o r m a t i v e n e s s  in

t h e  proces s of t h e  ex e c u t  ion of t h e  f u n d a m e n t a l  f u n c t i o n s  of a n t e n n a .

If  a n t e n n a  is u t i l i z e d  c n l y  f o r  beam swinging, th€ n i~ is a l w a y s

l e s i r ab le  so t h a t  t h e  p a r a m e t e r s  of r a d i a t i c n  p a t t e rn  l i t t l e  w o u l d  be

changed in all sector of survey/coverage.

a)  concern ing  the  p rob lem of the syn t h e s i s of an tenna w i t h
un iform aberra tion s, it should be noted that the question is not the

trivial solution which jt can be, for examp le , is obtained because at

the use of a non—op tim al form of focal cur ve.

L ~~~~~~~~-~~~~~~~~~~~ —- - .
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Fig. III.Sa.

Page 111.

F i  ~‘t r e~ I~. .8a sh ow s  ( s chenat  ical  ‘iy )  opt im u i n  r o c a l  c u r ve  eiV a n d

)t h er  t o~:al cu r v e s  o~ V L  and A S  t h e  m o r c f o c a l  a n t en n a , wh i ch h a s

f o c u s  on t h e  a x is  of s y ~~:e tr y .  In  t h e  k n o w i ;  m o r o f o c a l  a n t e n n a s  of

a x i i l  ~ y r n m e t r y ,  t h e  dependenc e of a m p l i f i c a t L o r  f .~:t t on t h e  a n g l e

of the oscillation or r a d i a t i o n  p a t t e r n  t a k e s  t h e  f o r m  ot c u r v e  I

(F ig.  I I I .8 a )  - A p p a r e n t  l y ,  s e l e c t i ng  t h E -  f o c a l  c u r v e  (~ 5 or VD) in

Fig .  I I I . 8 a) , it is possible to obtain also in  m o n o f o c a l  a n t e n n a  t h e

dependence  *.~~ on the angle of scanning in t h e  f o r m  of s t ra i gh t . l in e

11 (Fig . III.8b) or  of close to  it c u r v e.  H o w e v e r , it is complet~ l y

c b v i ou s  t h a t  t h i s  “ e~~u a 1 i z a tj o n ” a c c o r d i n g  t o  the worse result is not

o p t i m u m  a n d  it is most  de s ir a b l e  to obtain the averaged de pendence it.

the form of s t r a i g h t  l in e  I I I .  T h i s  d ir e c t / s t r a i g h t  (o r  b y  close to

L ~~ ~~~~~~~
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it curve) must correspond ojtitr um focal CU rVe , i.~~~, t o  each a n g l e  ot

deflection must correspond S U C h  p o s i t i c n  ot so urce , whi ch provides

t he m a x i m u m of a m p l i z i c a t i o n  f a c t o r .  L a s t/ l at t e r  p r e r equ i s i t e / p r e mi se

means  t h a t  t h e  r e q u i r e m e n t  t o t  t h e  u n i f c r m i t y  cf  t o e -  phase  e r r o r  i n

sector i t  c a n n o t  s a t i s f y  either m o n o f o c a l , or bifocal ant enna , i.e.,

or o r e  a n t e n n a , w h i c h  f o r m s  th e  c o l l i m a t e d  l i g h t  b eam in c e r t a i n

pos i t ion of  source .

I r p o r t a n t  is t h e  gu e s t i o n  c o n c e r n i n g  h e w  t c  select  th e-  c r i t e r i o n

cf o p t i m u m  ch a r a c t ~~r f o r  t h e  m o d i f i c a t i o n  or  a n t e n n a  in ~u e st io i . .  Or

one  h a n d , we m u ~,t a nal y t i c a l iy  t a r  m u  l at  € t h e  nee d  of p r ov i  d i n g  th e

smallness ~f tn~ error , while on th e othe r ha n d — its m axi m um

c o n s t a n c y  in s e ct o r .

It is possible to count that i~ is necessary to provi de the

minimum of the ma ximum deviatior , ci m ean  e r r o r  ~i t h  resp ’~c t  to v S

sector  ~~~ f r o m  t h e  a s s ign e d  m a g n i t u d e  A L .
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The  b lock d i a j r ~~m of  t h e  process of sy n t h e s i s  t a k e s  th c ’  f o r m :

Ha

I—~ T8fl 2—Il ~ en

L~~
f l ? 8A$n 2—n CT 8 ~~

Key: (1). cycle. (2). .;tage . (3) . stage . (~~). Cp e r at i o r i .

Here also is convenient ly the anal ysis of Uock diagra m beg un

- .

~

---

~ 

. .  - . - — - _ _
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against the examinations of the sequence of processes un~1er

common/general/total name “stage”. Each stage corresponds to a

separate variation in the parameter I of the zone in que stion.

Since each such variation is conducted by the presence of remaining

stationary points (there exists each time entire/all antenna ,

supporting/reference or ottained on cf preceding/previous stages 3,

the effectivene ss of separate variation is rat€,estimated by the

computat ion of aberrations of entire aperture taking into account

this varia tion. Moreover , aberrations must be calculated for entire

sector of scanning, broken into the discrete angles of deflection of

ray/beam , to each of which it is necessary to find the appropriate

cptimum position of source (to group of t h e  sm all squares)

To each valua of the radius— vector of characteristic curve 
~

must be placed into conformity the series of the values of angular

function a a(ø). To each concrete/specific/actual value a = a(y) in

this radius— vector of conditional characteristic curve corresponds

the process of computations with common/general/total name

“operation ”.

fage 113.

Here is related the selection of the best positions of sou rce in

sector for the discrete angles of the relation of ray/beam (group of

I
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small squares) by the calculation of the aberrations of entire

aperture. After will be made the computations , which correspon d to

all, groups of small squares, the conclusion about the effect iveness

of a variation in parameters of this zone 4(’p) and a(ø) is made on

the basis of recurrence formul a

4,~, (~~
‘
~ 
iiM1r~{4(U~ ,,) 44~ (U ~~~~~~~~~~ (1.35)

Each stage concludes with selection and the memorization of the

optimum pa rameters 4(~ and a() concrete/s~ecif ic/actual zone, and

also the average value of aberrations to sector and degree of

deviation of the uniformity of these aberrations from the assigned

magnitude. Thus, the number of “stages” is equal to the number of

variations in the radius—vector of the separate zones to which is

broken antenna aperture (they are implied tue circu lar zones).

The number of “operations”, just as stages, not defin ed, since

it depends on the speed of the appearance ot an outer limi t of the

radius—vector characteristic curve and angular funct ion in each zone.

Each “stage” contains entire complex ot computations for one

zone, and its result are the optimum parameters of this zone.

Each “cycle”, as can easily be seen that it is completed in the

general case by the synthesis of the new antenna , according to its

I
_ 

---rn —- -—~~~~~~~~~~~~~~~~~~
.--
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scanning properties which exceeds initial antenna.

Let us now move on to the examination of the analytical

operations of synthesis.

According to approximation method in the space of strateg ies,

before beg inning strictly of synthesis (1st cycle) it is necessary to

select the supporting/reference antenna which is maximall y close in

its parameters and the properties to the which inter ests us antenna.

This antenna can be the antenna , which does not form on output pencil

beam. The equation s of this antenna are obtained in §2 the first

chapter. I n  the pr ocess of synthesis, must be ottained the

dependences e(ø) and 4(y) i.e., wave frcnt and the amplitude

distribution of compromise antenna.

Page IIIL

As in the case of monofocal antennas , the fundamental functio n

of quality it is

.4. $ (~• .f1111fe 
~~ 

— . t
•~ 

(I%M)

Here 
~~~~~ 

, e 
~~ 

are coordinates p of the pcints of the standard

plane:



~~ .- ~~~
.
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the front, reflected from main mirror,

(1.8?)

wh ere in turn , 
~ 

— the front , reflected from the auxiliary mirror

~ s(C~ — 
~t, ~~~~~ ~~ ~ (I.~e)

is a radius—vector of auxiliary mirror; 1., is a

radius— vector of •ain mirror ; J~, is single normal to the surface of

auxiliary mirror ; is single normal to the surface of main mirror ;~ ,
is a radius— vector of the front , which falls from source about by

coordina tes ~ ,

The surface of auxiliary mirror is assigned by the differential

equation

~~~~~~~~~~~~~~~ _ M
~t.,. ~~~~~~~~ ~~~~~~~~~~~~II ~~~~~~~~~~~

4t~ ~ ~ j( L 1 CQ~ V~ - tOb ~~~~~~ M 3â. toi, 
(1 ~)

4 t ~ ~~

_ _  

.
~~~~~~~~~~~~~~~ I
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For statement in (111.38) it is necessary consecutively to

ca lculate: J
I’~ 

.p ~~~~~~~~~~~~~~~~~~~~~~~ i~,,f ,(~ .,.u~ I ~~~ (1.40)

(1.41)

,t,% ~~~~~~~~~~~

~
, 

~~~ 
I 

.

. 

(1.4Z)

~ ‘ .. ...4 b

•I ii., — 
~
‘ 

. (1,43)

~ j~~LI i I~~~ lUt ~~~,

P.O . 
~~~~~ •PiI “ 

.

• p, - t (~~ ~~ ~~ •‘19.t~’t~~lit~ 

, .

114 11 • P~ •t (‘~e* 
~

“
~?‘ ~~~~ 

‘I~~ ~~~~ b (1.44 )

• . t (ii,, P,~+71~ P~1 ~~ P’t~q,0

_ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _—Ti_il ~~~~~~~~~~~~~ _ -

~~-~_I±~L_Il’. - “ T ~~~~~
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Constant C, in 111.38 we assign in the form

t~s 4 ~~~~~~~ 
~~~ 

‘ (~i, r,~~,l~vt I ,‘~~ ~~~~~~ .(~ .45)

Assigning here 
~~~~~~~~~~~ ~~, ~~~~ 

we provide the position of wa ve

front ~~ , always in the interval/gap between mirrors. Computations

according to 111.45 are conduc ted only upon exchange 1~~, ~~~, 
and do

not depend on 6~ and 0~. Angle 6~ determines the position of section

cn auxiliary mirror and together with 
~ 

is assigned the posit ion of

the point on this mirror , into which falls the ray/beam of source.

Angle 6~ changes in interval of 0—180°, while angle •~ — in interval

0 
~~

The computatior of the coordinates of the intersection of

ray/bea m with main mirror ( t~ , ~~~~~~~~ is conducted as follcws:

for the assigned combination 0 , x , ~, , ~,,  ~~, 
they are calc ulated

for equa l to 6 2 in interval ~~~~~~~~~~~

$ • . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11,.4ot~~% ~4 tO$~~~ ~~~~~~~~ (8.46)

S t .

‘

~

: 
—

~~~~~~
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .:~~
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Here I~ is determined from (111.39) with substitution 01 instead of

Those who wer e obtained ‘~~, , 
~~~~~, , we substitute in

.,!t. ~~~~4 .h~~~,. lt 1.i~
p 

S (1.41)
‘,II ~~~~

where

$, a % ,tooq,~
• L, I~.ri If, ceo 84 b
• ~‘4 ~~ VI ~~ 14

Page 117.

If (111.47) is satisfied , then those who wer e found t
~’’k’~ L

are really/actually the -coordinates of the ~oint of intersection of

ray/beam (111.47) with main mirror.

In terms of the obtained values we determine the front,

reflected from the main mirror H2:

h. ET~~~~~~~I~~~~~,~ _____
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N01 ~(I~ - . •

• (0..i•~ 
. 

~~
(‘
~ ~~
, • 

- 
(1v48)

N01 • (c 1 .j ~~1 . ~~~ ~Ir~i 
1~,,~

~~ ~~~~~~~~~~ °‘lt~~’ ~~~~~~~~~
* ~~~~ 

~~~~~~~~ (~~49)

~P1I ~~ 
— • 

~.

• — 
~~~~~ ~ 

—

• Cot 1$ o~.(t~ $. i$.), . (10.50)

1~

• • ~~~~~ . is)
t 
+ N 1~.~~

t
+(k~ çn.5I )

N~1 (
~ —Ii. , P, ~~ ~~~~~ ~

s (C1 ~~ ~
) ~~~ • 

~~t. ~ (10.52)

• (e , Ii. — p ~ ~ ~
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The coordinate of plane of reference, which forms angle with y

3EST AVAILABL E COPY



DCC = 77200805 PAGE 
~~~~~

‘

i4

axis, they take the form:

, •~~ 5{~ ,1~,,,ene .(N.1 ~~~~~~~ ~~~~~~~ $• ;11s.o . + P,~ 1~
II

~~
. (

• 
__
~~‘~i ( 1, • *i • (1,53)

,,
*_ ~~tiL (

~ • .k 0~~~~ 01

Coordinates (111.53) are calculated from Entire totality of

formulas (III.3 6)— (I1I.52) with su bstitution ø~ = 0, i.e., standard

plane intersects (or it concerns) front 
~~ 

at the point of its

in tersection with the ray/beam of the scurce which is reflec ted from

auxiliary mirror in point •~ = 0..

b) the circuit of non— focal antenna can be placed as the basis

cf bifocal antenni with the maximum compensation for astigmatism.

There is in for. an antenna , in which for one pcsition of radiation

pattern 
~ e ~ 0) are obtained minimum aberrations bot h in the plane ot

deflection of ray/beam and in perpendicula r plane . known bifocal

two—mirror and lens antennas [ 16] were obtained in the for m of the

bodies of revolution of two—dimensional envelope around the
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longitudinal a xis, in this case, in one plane of aberration , they are

absent, and in perpendicular plane occurs astigmatism. The

elimination of aberrations in two planes occurs only in me tal—plate

len ses with con strain t [ 17 ~. T w o — m i r r o r  a n t e n n a  wit h such propert ies

cannot be obtained in view of the limitedness of the number of free

p arameters .
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w e- v e r , the  com p rcrn ise  version of a n t e n n a  w i t h  t h e  reduced

astigmatis m because of certain assumpticu of cota and spherica l

aberration can find use as the scanning antenna.

The b lock diagra m of the process of the synthesis of bifocal

anastigmat ic antenna can be represented in the following form:

_ _ _ _  
L2- aJ

[1—ItiTan 2—~ eve~J

~ __________ 

$

[~~
.
~~CT~ 711Ifi I ~~~~~~~~~~

- f 

~~~

— - 

I ~~~~~~~~~~~~
‘ ‘  ‘ S

~ 
oxzepouwn~ j~ ’I epau!!II

Key:  ( 1 ) .  cycle.. ( 2 ) .  stage. (3) .  stage. (4) . cperat ion.

-_
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Here “cycle” — the process of the conversicn of

supporting/reference antenna (first variat ion in this antenna )

“stage” — a variaticn in one zone, where enters a variation in the

parameters 4(v~ and a (y). “stage” corresponds tc the separate

variation 4(.~) to which corresponds a series cf variation s in the

p a r a m e t e r s  a (y )  (“ ope r a t i o n ”) .  ~or t h i s  v a l u e  4 (tp ) and a ( y )  in t h i s

zone  are  ca l cu la t ed  t h e  a b e r r a t i o n s  of e n t i r e  a p e r t ur e  d u r i n g  the

d e v i a t i o n  of s t a n d a r d  p lane  of ang le ~ f r o m  the  ax i s  of antenna.

If is assi gned o n l y  a n g l e  e and is not  ass igned the  pos i t ion

of source, then it mus t  be f o u n d ;  to t h i s  ~ tOCE SS corres ponds  one to

gr o u p  of s m a l l  squares  u n l i k e  t he  series of g r o u p s , w h i c h  occurred in

the preced ing/previous task. Fore~ula and the procedure of thei r

app lication/use the same as in the case of the synthesis of antenna

from uniform phase error in sector., but taking into account the

presented special feature/peculiarities.
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