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sec sec sch sech arc sch sech - 1
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Russian English
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9. On tha statistical evaluaticn of tho *aff-'ct of accuracy and

rigility of the antenna of radictEllscop cn its parameters.

A. Ya. Silomoncvi4ch.

Th. pazam~tsrs of the antenna of ralctslescop- (radiation

pattern, effective area, etc.) depend on an inaccuracy in its

production and various kinds cf strains £.

FOOTNOTE 1. On the effect cf Ecattering on the thrusts/rods and

others cf construction/design sce [1]. ENDFOOTNOTE.

The affect of the random errors for the production of the surface of

antenna on its radiaticn pattarn, front-to-rear factor (derictve

gain) ani effective area arA examined in works [2. 3. 4, 5]. In

particular, in (5] are obtained the expressions, which connect

dispersion and radius of the correlation of the randc phase errcrs

on the aperture of line-scurce a-tenna, caused by an inaccuracy in
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its production, with the distcrtion of diagram and

worspninq/dterioration in '.fficiency. -ork C61 examines analogous

task for the aperture systems. The examination, which was being

carried out in indicate- ar scnv cther works, must ba supplemented

with tht consideration, apparcntly, which were not being considered

earlier. The fact is that surface distorticns of the real antenna,

which lead to the phase 4listcrticns of field, are the result of

acton, at least, two diff4-rent .-asons.

Th2 surfac. of antznna can be prepared only with certain fir al

accuracy, characterized by tle value of maximum relative tolrance

e/L= 10-T (where L - diamnter of antenna aperture), the being

detfrmining dispersion a*, phase, and with a radius of correlation

These parameters can be measured after the termination of tha p1.

production of antr.na and usually thsy relate to tha specified

ambient conditions, under which are conducted the measurements.

In the process of operaticn the antenna undergoes different

effocts: tpst/exper!c.nc, veight, wind and thermal ditormations. As a

result its surface is changed. These changes cause the phase

distortions of field, which leads tc further worsening/deterioration

in the characteristics of antenna. A difference in the distortions as

a result of the strains from thq distortions due to an inaccuracy in

the production lies in the fact that the first are always more smooth

-. WO
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- the aquilly dforned sections are commensurat-.d with the diameter

cf antrnni. Furthermora, strains do not usually remain

constant/invariable.

Page 101.

In th ovc-rwhelmir.g majority of tha cases wc do not hav-t the

capability to Jr d-tail investigate the character of phase

distort. ons as - rr sult of the strains, since the lattqr iL a

complicated maLner are distributed by the constructions/designs of

antrnna and do rct remain ccnstants. Therefore phase distortions on

th- aperturi of this antenna, caused by its strains, cannot be

described analytically, for examjle with the help of the power-series

expansicn. In connt:tion with this such distortions it is expedient

to examine (similar to distcrticns as a result of an inaccuracy in

the producticn) as random ones. In this case we can examine the grcup

of the possible layouts of the deformed surface of antenna or the

layout, which randomly depends on the time. Just as in the

*xamination of the effect cf Inaccuracy, at small strains thc avcrage

parameters of antenna differ little from the parameters of separate

realization. lith this apprcach we consider the surface of antenna as

deformed randomly; however, with the assigned characteristics: by

maximum strain a./L=lW', by determined dispersion * and by a radius

of correlation pa.

.4
- . . . . ..... d U
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Th. sta+istical characteristics of phase error distribution as a

result ef an inaccu:acy in the production and due to the strains, as

a rule, essentially differ frci each other; usually p1,<pA. Conci'rning

values a, and a,. are possible the most varied ralationships/ratios. A

pr-ciss., but 4--iffic".-ntly rigil mirror is characterizcd by th. fact

that OQ>OT. meanwhile in rcugh, but rigid mirror d <a,. Generally

sp &akini, phase distortions du . to strains lepand on time. However,

during mor? or lasr prolongid time int,-rvals antenna can be

considered as that possessing the ccnstant shape of surface which to

us is accurately unknown and bhich we to characterize statistically.

Since both mentioned effects are not depended. for small

distortions we can determine the value of the real derictive gaim of

this antenna D by the expressicn

D = D#( - A,) (I - A), (1)

wherq' Do - value derictive gaim cf ideal antenna ', and A, and A. -

relative decreases of derictive gains, which must be determined cn

the basis of known values C,, p and CA, p.. respectively.

fOOTNOTE t. For simplification In th" calculations we accept, that
D,- "*a'%s M o,
vhere h=L/. i.e., we considez that the coefficient of the use of a

surface of aperture is equal to one. ENDPOCTNOTE.

S-~ '
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For thin certainty we will considar that the distribution of

distortions as a result of tLs inaccuracy is close to the normal, so

that az2,6kIl/azT, and therefore 3__25(zM'. Furth:rmort-, usually pT=nk,

whprz for highly dircctional n=1-20.

For the evaluation/estimate of order of magnitude zj anlp it

is possible to zonsider that thz displac:-.t alcng th,, nc:faal of the

points of surface from the assigned Fre"Jle/airfoil as a result of

thZ strains is described by the equation of elastic curve.

Calculation shows that for aFprcximate estimates e(X)=ez 2 , whcrr

x=2r/L (r - distance from the certer of circular opening). Excluding

constant along the surface displacement, we obtain the effective

average/mean value of the disFersion:

- !iol )= (x) dx 14 (eAl)'. (2)

0

Page? 102.

The listortion of phase yj (x) revprses the sign whoan

z--1/SV 0,6. We respectively accept approximately p 1 0,3L. In the

caso of the psncil-boaa antennas, as noted abovw, p,).-20"

Furthermore, X/L=10-3-10" 4 . At such valuas of the parameters we

obtain according to [5]

At a:-2
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On th. other hand, wh-n PA/)>!. as shown in [5), valp 4.

AA=Fo ,were F - function, clcse to lin.ear, changing from I whe n

pAIL--.0 to 0.U when p,/L 0,75.

H3ving expressed Of and a, through introduced above parmeters

msa.dmt and b-ing limited tc the f4rs1-ord-r terms of smalln~ss I
rpltv4 I and o, wv will cLteiin

D = 10= 2 11 - 0,25 (+ - ) + 0,GF10 '  )h'J. (4)

The maximally attainable value derictiva gain, cbtained witi.

prescribl.d allcwances for accuracy and rigidity, proves to b9 - e ual "

to
Duao = 10 1(1 + 0,6F. I0m ('?-n)) (5) '

or in the dicibels

N.,7. 2Or.- 10- t0 Ig II + O, F10s("'-"'A] •  (6)

If tolrancs for th- manufacturing precision is considerably

more than requiremsnts for the rigidity of mirror, i.:., if

x -- n4 , the•n

.', - ,(7) -

i.s., as can easily be spen, it corresponds to the value, obtained

without taking into acccunt strains (2.5]. If, on the contrary,

mirror is prepared relatively accurately, tut it does not possess the

corresponding rigidity, i.e.. if m _na, then (under condition
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1O*"-): /1,which usually cccurs)

N,.. -z 20mx - 10 - 10 1g [0,6F), (8)

i.. ri:tiv, gain is li.mited to the insufficirnt rigidity of

antenna. In this case. N,., Frcvq s tC be sor-what grrater than in (7).

This is explair._d by the relatively smaller effect of distortions as

a rcsult of the strains, which havp. a larger radius cf correlaticn.

For example, wher. pA- 0,3L, value N.,-o2Ornf5.When,mm,

N uai = 20 , - it, (9)

i.e. occurs only small further wcrscninq/detericrat-cn maximum

derictive gain as a result of the effect of insufficient rigidity.

A difference in the radii cf the correlations of phase

distortions p4 and pt. makcs it possible by characteristic

measurements of antenna to rate/estimate the reasons for

worsening/deterioration in these characteristics in comparison with

ths iiaal cnes. The decrnase of derictive gain as a result of the

inaccuracies, being characterizsd by pTL, lads to an incr~asR in

isotropic scattering, without changing the form of major lobe.

Howvar, the dezrease by derictive gain due to the strains for which

p --L,, it leads in essence tc the expansion of major lobe.

Page 103.

Seasuring the width of majcr lobe of the pencil-beam antenna a
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it is possible on the measured expans!on with known pi. to

ratp/ps:imatp value I,, and acccrling to it an A,.

FOOTNOTE 1. The method cf mieaEurement is prpsented in (7].

ENDFOOTN 3TE.

The meisur~nznt of gE-nrral/ccmmon/total worsening/deterioration

derictivq gain makes it ncssi le tc isolate then its that par- which

is causcd by an i-r.zcuracy 4n thq producticn, i.,., A- Th' latter

independently can be detrmincd by the measurement of the coefficient

of antenna scattering. Observing th? dcpendi-nce of the width cf major

lcbp on the ambient ccnditi.ons, it is possible tc further explai the

character of the strains, critical for this expansion (strains

weight, thermal, etc.).

Thp considerations, presented above, have used we with the study

cf tha characteristics of the highly directional parabolic anterr. of

radiotelescope RT-22. Research cf the surface of mirror RT-22 showed

that pT.2OO'mm, and a,-0,21 for X=8 mm. From the calculation it is

evident that under these conditic.s D/Do=0.81. Wide measurement of

major lobe led to the conclusicn that the relative expansicn ccmfos-zs

-6o/o. From the analysis of elastic deformations it is evidpnt that

expected p5 =O,3L. In similar pa to the measured expansion of major

lobe corresponds o,.=0,30. Under the quadratic law of the increase

_ _ _ __ _ __ _ __ _ __ _.

-H i I
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of strains from the cantsr tc thzi cdge of ths mirror it leads to

average/mean value eA =1,3 xx, %hich closely coir.cid- s with the valu,

obtained by calculation C 8]. srowinq a and pit was possible tc

ratp/es-_imatr A,,. Thz obtai n~d valuu ccmuris-s Am O0,17. Taking into

account, furthermore, the effect of the nonuniform irradiation of

opening and scatterirg on the thrus-.s/ro's and other e_-l,-mnts/clls

[ I , it was posqiblt to rat-3/estimatr th- tctal lossfs d':rictivc

gains, as a result of which the ff ctive ar.t--nra arf:a of

radiot-l=scope PT-22 cn the .ave x=3 mm prcved to be close to 10C m2

that it composes -26o/o of the geometric area of aperture. Obtained

computl value coincided with the results of measuring affrctiv- area

i7].

Th, statistical method of thg. evaluation/estimate of the total

distortions of phasp, as is evid.nt from that pr-esented, wh'n does

not succeed in producing a precise calculation of the expected

strains, it proves to he apprcpriata both during the formulaticn cf

requirements for the ccnstructicn of the large/coarse optical-type

antannas of radiotelasccpes and at the estimate of tha magnituda of

its expected parameters.
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