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=~ ehiES syrnposmm 1< the'fo.‘rtn ma ‘Series wmcn was pegu '1943‘.'
“Ear-h wag held in an-€ffort t6 acquaint workers in‘thé scanis g’ field and
otheérinterested parties witirthe latest deveiopiments in antenna seanaing
systems. It is felt that these symposia have proven usetil ot only in
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U ' o duseminating existing information but alsc in stamulating nes ;deas. 3 I ¢
'is "hoped that they will continue to-be held when'e'ver shough signifis (i
‘work is availzblé for nresa*uatmn. T T o k=

Onie objectlon toa meetingof’ this type is thaf the sizé of the audlent‘:e
limitsthedinterehangeofideas. Fortunately; this has n6t been altogether
trize., Eachsymposiumhas included intéresting chu_s__ sisn pé riods Initi-
ated by the audience. However, there has been a {img ‘i i_tation on the

- d_iscussion, g0t appeared worthwhilé to intréduce smaller group meet-
... ings for the purbose of discussing specialized sumeat.,. Tiis ides was
gugges*ed ;Dr. R. . Spencer of Air Force \,ambridgeﬁ searcenCesiter,
and t.'w"d' -'su n sesszons were held in »ongunctmn with th1s symﬁesmm.
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Cerzsider le space could be used in Aiscussing the technigues of
these symposiz, but it might be betier to consider here some of the im-
pressions which have grown out of them. One of the most striking of
thess ig the increaced intepest in thig fleld; Evwidencs of this is seei.

h the. large number of parnmpams in the last iwo symposgia. Further

evidence of th;s 1s provioed bv the fact tha.t twemv-four Dapezs were

Cork qb 9 ——

.*

sl eoc marn ﬂc Y-
1’ WAL T T ARSI W,

»a.n 'almost in

4
WE . ] vel then ‘*zt:ef'\_r.ersibﬁé in field to: )
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rapidity of scan'i$ no mng _1) oblein in «axisfing °ystems.
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One rarmer =mpresszorz. a.:ice emtions nxiqt for m'\et sr'amjxmg

»

existing solx tims or dev.

~ tobe superior io. S ¢ n - _
. .het only by ixryz'ove oie zmw! perfqrmw.c "L t lso b,' am inhnrem'
simplicity of design. Sxmplicity shouldbethe keyn ote in future scanners.

It will not be sufficient to demonstrate nerﬁeet optics with a system of
~inherent ﬁémplexity._._'ﬂw ¢oncept of "omrplexit versus impz‘cved per-
fomnance shotid..fiot.be the concern of the pr -oject. enginéer-alone, ‘The C
secangier desig'ier must be aware of ‘this ¢ encept and must govern h;s
ary-to=-aay thinking acvard‘mgi:‘-" -

bl b Vi e Fopultittor e -

The ugsful infcr:natic ] omamed from theqe meetings was not these
1mp"e=sions‘ but rather edata presented and interpreted in the var*ous

i
=

)
 Markts

summanes of. moqt»oi the talks and the discz.sei:,m_ xzcriods. The discus- T
cqnn material has not beéhr gditgg_ by !:!;::3 indhridua,l pa,rticinants. 50 that

_ any innccuracies or mis :ai:emex.- v2 due to the shortcoming of the
transer iption processes. .. . o . o
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The success of thia program reguiréd the ef:c:té of mziny pec;:—itQ
We are grateful to the speakerc f:)r their interesting papers. We wis
to thank Dr. M. B. Sleddand Dr. W, ¥, Gabriel for supplying ug withhfor-

mlata 2 mee
XMLIQ!} onihe tWe ivund taihle disc cussions, The ¥ork of Miss Résemary =

. Eelly iwhandling the details of the arrangernsents and indoipg thevery
1a.rgea,n01mt of necessary tyning is particu;a 1y 2ppreciated. The coop-
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antennas. / pgrcmmately 18 mon Aths have slapsed since ou
. - third symposium. In that neriod, maiy advances have been
o ) ) - fadein theart of scanning antennds.. It'is. hoped that Wemay
~ be abie tofully acquaintali the peopienere Wiih the uevem‘p—‘
ments and advances whick have been made during this time,
) ) ) We are at least blessed with good weatlier, and thosé mem-
e L o e _bérs from. Californiaare. zomp: 10 have to work hard to brag
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i it is béing duphcqtea here. z‘-“ is
-nleasure to welcomé you io the Laboratory. ‘We dre al WAYS
happy to have you heré and we hepe that you wili benefit by
thie pauers which are to be deliverad guring the three days.
_ We want you to mzke yourself at home here,and if you have
- the opportumzy we licpe tnat you will visit some of our 1ab~
| . oratories. We.are alway anxious to welcome visitors,. ang -
| : s our scientists are ak ays eager to talk ab_ouf those p‘lases
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\ ‘Bohnert, Head -~ .. = B
Ant-,.rm Résedrch Branch, Radio. Division I ' -
“Naval Res “ch Laboratory . T -

ot el S

EEELE ) i
: Inarrnnng atour dedisiontohold this sympos jum, §
we szed Twoerit SR, Fizst -'v're felt thatencugh s'mn*‘ - i

in Novembér - 950; and & e"v..d we felt that there was .
enoughgeneral interestby workers in thefield to have - =
anothersuch get-together. ‘We think that the lastsy’ - ) ,
HOB AU 'SOTHE -Zood i Hiat idsas ‘were ul*—cu.‘:.'sen, g e T T C
hanged and then' pat_ggtp practical anténina désign. |
wrne éxamples would be the Schinidt lens and the
Organ-Pipe feed. The success of this:symposium will
depénd not only upon the quality of the papers to be )
given, but 2156 on the Guality and quantity -of the dis- . E
cussion frc»m the floor. We theréfore kope that you, - . .
tne membrers n‘ the audience w:d.l feal free to.comment k4
his time to give resog- : :
11eher —o‘ the Antenna Research.
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| A spherical mirrcr operating t about £/1 would make a. mgmy Satisiadtory iéflector g
. for all but extremely ---gha-gam antennas:. Fou 2 a_.v:ter focal lengin System, -nwever'. it 2

he Schmidt System, consisting -0f a sphérical veﬂector and an aspheric corrector plm‘e,
i one of the iore suceessful corrected systems. It operates up to speeds of £/0.7. ""he
adaptation of the cnmldt System to 2 mitrowave antenna has been described by Chait.}
Another highly Gorrected spheri‘,al fiirror system is the Bouwers -Maxsutov or Concentric
System.%i3-% A third is the Berii System. 5 These iaiter ¢ Lo systems have pegivinivésti=
gated in .he course oz the work on t'zt:is PEG jér .md wili be uiscussed briefly neze.

 The Concentric Sy‘ nonsists of a sgh 'rica" reﬂﬁ'tor and & thelectric corrector
o anb i€ a portion of & p éE [cal shell concentrie with ine Spherical refiestor. The-cor-
: ctor introduces ﬂphs 2al aberration c-*-ﬂ'mmh‘-= to the spherical- abérration of the

eﬁector but opposite in sign. A small re51dua1 aberration which is independent of the
field angie reraains, since h fceal su face is also spherical and concentric with the

reficctor and corrector. The Coneentric System is represr‘nted inthe rdiagram of Figure 1.

| ~
i ) is necessary to introduce courrediion for the s"horina‘ aberration of the spherical mirror,
|
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It -uay readxly be seen that in thla comnlei.ely céniér ed system the perfcrmnn"e at any‘
field angle is precisély that at zero dngle, provided the stop is Blaced at the conmimon cén<

ter. Thus the only requirement to.obtain excellent over =all performancé is to reduce the

oY AAES

t } ' resxdual abefva*io, 0 tclerab _mmsa -
‘ - S the_am< is glvendy =~ - : j
H - N - S . ) E
}““ T T e — ‘_7_7 e ——— = = B E

where F is the focal lengtn: of 1‘1e ref ector {E/&) and f is the focal length of the corvecté?

‘The latter is given by the relation . . B - . ;
” . T 5
:: - — = & - - 3[
: - - _‘ e e T L Tl . N S - S —I-
: Iii 6rder to obiain good ¢ correc.ior'is it is necessdry that C for any given ray bhOllld ‘coincide E
! ‘ W‘tn or diﬁer OuIy slightly from Q 3.2 ‘Congequently, C _must be compuv.ed as a funcuon of :

R 19 a1d R2 ) aiid the ray hexght h.

i e o L T

Y- : '
1 S " sin[2si (0/B) + €]

Computations have been perfov'med to aetermine the optimum values ef R N ef.m R,
__with-the feflector radius R taken 4s unity, for va ricus values of the refractive mdex.° o
) _.°">mple set of parameters 1s n= 1.v2 By 0.419, and R2 2 0"355 s T

i fox ray tracmfz in.Congénirié. av

[ i N =0
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! experimewi 70, '3 Coscenivic System has been constructed A 60-incn hermi-
: spherical reflector was procured from the C. W. Torngreén Co., Somerull assac usetts, N
X N aﬁd the correcting lens was obtained from Bondwel, Iuc., ‘Gakland, Caufornia. o
l’ ) o c‘mique was used in fabv'zcatme’ ihe polyethylene cc far, Molten pemm:hy .
; i £ m hemis;:heA ical dome, z“u": i ipa 'sheﬁ oi the p i E
o T hé shell- was ih 1en mauzineu o p ckngss g"a L o .
e 3 FET O S e N - < - ¥
i-- - - - - - . » . L= ﬁ
e ) A photograph of the spherical reﬂector, feed horn, and lens support is . shown in Flg- ,
! ure 3; a pnotograph of the assenibled anieniia iS given in Figure 4. , : 2
=
!
o
&
i
\
;
;
»” T F1gure 3= Spher1ca.1 reflector; feed horn, _. o Figure 4 e:A§_semb'i§_i3g§§§€§_ . . ]
T amlﬂens support : S bon NEL Sy o 3
) RS T i
N1
%ure 5, ‘or 0 (on ams), ,
3 S ‘—_ . - B !
11 §yster iS5 an fiiteresting variatlon ofthe © ricentric Sy stem and cons1sts of___ I
eflector and a thick corrector in Contact wzth the reflector. A dlagram of the . :
BertLSystem is: shown in Figure 6, T Teo Tl o o Eh . i
T xarsets n:,’i.:;.a A A ...'....-.&... :#x;'. TR T e e
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! i Ccmpx.taucns to determine ‘the optinum value of R for n = 1,8 have been mads? with
| i taken ag u’cy. The result is R, =0.470. An e,.genmental "£/0.47 Berti System has been
| cons;ructed in a double-iayeér pihbox. A drawing of the. system is shown in Figure 8 ,.a.nd
c'—--gnat ap"-, -of tm, aate..na -ig shown in Figure 9 i R e
| o
AN - I . -
e i :
i. | . _ o {
‘ ; Fod e SROSE SECTION "A-A"
| *hamard ;
F!“_;_—a i
| - ' - & b -
[

Figure 8 - Cross section of expetimental Berti System
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~_ Tests of the antenna have been made af x=32 cm. 'L‘ypicaL patierns are sho“n in - §
| Fig‘;éfé 2. These pattefns aré seen to be symmetrical neither with réspect to their own - -
! maior iobé nor with respect to the antenna axis, This fact is dué princi ally to the lack .
i . = p D ) =
- = ,;;:cf-ccr.\act Letween the dislectric sheets and the conducting platésof the dovbie-iayer pidl=" - - =3
. Bos all gir spaces hetween the dio lectric and the copductmg sheets cause changes it ; - =g

Sxbizsos  cArtledee

°~ﬂ;eiectr§elcsnstant and thus modily thevelodity of waves in fhe meen i, "This

!
{ = —effect brobébly could be largexy eliminated by paintmg the dlelect i¢c sheets with conduct-
| - -—ing silver paint. o S o

t

N TR VI i

It will be of inteérest here to examine the performancé of a spherical reﬂector without

corréction. “The condition mll ‘be that the diamétier of the- aberration circle: at the focus of

|
|
‘ ~ the spherical reflector shall be less than the hali-power width of the diffraction disc. It - B
; may be shown that this condition is equi-vﬁ.;ent to about 1/4 the Raylelo'h Limit, - fi
| B '
1 = i T~ T M nl | = The diameter of the iéast ¢ircle of aber- e
. N 1 fs ration in 4 spherical ¢ reﬁec;o; is gives 10 i
j / ¥ 114 good apcroximation bv , “g
- ] 'J‘. ’ [ k
S e s2 |
{' ;l i\ ‘l.l: == - - _QLC i ..'I}_ /liﬁi. . ;:E
| 1 =
,‘, to—f b ‘where H is the height of the mafgmal ray‘ ) 1
. : \ E i . “_iﬂd‘_fhiséﬂtﬂe i(_)l:u—t}. 1€nSti The diame"‘” of . 2
( I 4 ; i the zperture is 2H; the-focal length is very 1
R /’ : ‘ ; closely given by B
J? s AR f=R/2. ‘
:i § 20 z ‘:: £ !i = -
| e R K The diameter of theé aitfraction disc at .
> L 3211-1 f;,__ ‘1a!i power is ) N _,;%
E g Ik ; Sco | oeen = _’l
i G —J% T B & - _A_ = 1. 02 f)s/ZH - s
! j 4 ' e ST T TR m L E
: . A b 4 L | Tetusadtmdet the diameters of the two cir-
{ > T | cles equai. Itis required to find the maxi-
= | paum: permlssible diameter 2H; “The result
- e 7 -gl
| ) '9H) foca; ength to. diameter ) i
fablé 1 gives the maximum diameter . . ]

SR ENIEE X TV
)
5

. -gf-the-aperture Of a Spherical reflector which
rns._ satisfieS the ¢ondition that the aberrationbe ~ 1
i - _eaual to-k Nhe:Raylelgh Limit, - o

A nomparison of the uncorrected 'spherical refléc

¥ ¢ zwith \,he Ccn:;gx}tyg: and Berti - - . .
;stte ] i 1

e Pt
|
3

) is.afforded. by Tabl‘eq 2-and 3. The Coneeéntric compared ‘Wwith.a sp‘aeri-
- = reflector with and:-without a ston. in “Fabie &.. The Be1 £ ayswm empleying double=

S ERIL
!
'

i‘ Layeu' PiliGOR - is~cvm..ared writh-the uncurrec*ed double layer pillnox in Table 3. It i8 evident !
1 “tk‘a* correctors yield: xittlerr 10 irrprcve;, yent, It may be Séen with, reference to Table 1 -
‘J;_ - ‘ﬁa & thia o ‘dition.-"‘"‘ "revall S0 long as the focal length-to-dia seter ratio cf the reflecior 1
F T : s.that: 100 wavdengtuo. : : . N . . 1
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) TABLE 2 ) o
- Comparison of Spherical Reflector with Concentr_lc System
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1.Besm _ Gain i Wl Power Side :
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 Budenbomi. Did yeur spherical reflectdr- hayé = 60‘-in«.h aperture?
{BTL; i pLr b3 |

!
!
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Dunoar' . “This was an X-band refiedtor with af8f-inc

inch aperture, but i had an effective

\Us\-a, A N o R e e e e
- - YEAT
Budenbom: We at Bell:Telsphons ’ﬂ’mrm&ea A%, WNOE .,iningaen:ai@i.rcular efiector with
- —-—correction-at-the-edge-oi-the perture similar to-that-used-by-Mr--Chait. I
. ta % R ;éyﬁg {o geta cemparison on beamiwidths orl aperture efficiency. |

.(‘.\’ 3]

; Sty t s i g { qubss
’?.?uld-vuh:tc‘ll arsiwhat cr!‘érion 'ya:m used in ‘dete mining what size apé_rjure
-coik d*be—use&wiéwnat*r/trraﬁu P s s
A B3 5 S Hp g Co ! - "
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E-Tid ﬂ m'rfzmam:u ;
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. ! dp 5% i Tdb 3 :
Kelleher: Hé,ve you tried to relate ‘that lcondition which migbt bé consider8d a5
received condnian to thé tr ansmittchndition fiting a point source and evaluat

- '*,T:_"ﬁ;g “the phase €rTor pve; vour nuex‘thi'é’o‘“ P ‘
M.‘l’").l.m_ﬁar': YeS, it tur i% auteto be the. same. U 3 8y sofredzetmsit 10
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’_ntlii_e_ fﬁme LOn(.?}}l?Om that ghe circ,:e ,91 cqmu%@n ‘conditicit aud phas:
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‘ A &rectional antenha for microwave appiication 1S; capable of high-<geed scanmng J_md :
using several novel techniques, has been designed and tested. ‘Construction is of the i
waveguidﬁwfed, ouble-lay er pillbox type, but with 4. ¢ircular radiating aperture instead of
= thé customary ‘linear one. A sketch of the antenna with the emerging rays indicated is shown
in Fig‘ ure 2. 2 - s . B N T
- opera LiG"lal bas;s of the p
ane.enna Is derived from, the fact that g
_ B : o S FTEEIL \,v:.uuaaw:u u_y & bu.l.ba.u.l.y - :
located spnerical reflector or, in 4
parallel plate strictures, by a cir-
cular cylindrical reflector. For such
a cylindrical r2flector the limitation
.ﬂpon the degreeé of collimation is
i _ principally imposed by spherical 7
BT = aber'ration, whicti may be parily elimi-
e ’ 'ﬁw.ea wzmout aestroying axial_sy ine-

inarallel plates» Altevnupl'y‘,geodesm .
__principlés of.the iype described by

. - _ Bk ; Myersbmaybe empaoyed to. markedly' o
: - - D - e { reduce the spherlcaI aberra tiap. The: -
T PAgéLE LPLATE‘ _' *uo&CENTRiC o ST 2 'r'
" L T -k o n If the s,truc*ure is miade ,in ‘the iorm !
HT et e T L i« FOTATABLE . T T double-layer pillbox, the lens: may i
. SECTIONA=A '-'39""-‘-74?'-'- AL —ARVEGUIDE INPYT o J =
s Bt 9;'9?‘_*-- RISk R Yib 28 We enclosed—"mthin ‘thé sameé lay T as 5
1 Figure 1 « Doihle-iaver cohcentric pillbox - b. .. p box. :
e S o ~ i W 7
¢ - . Ci cular symmetrv of all reﬂecting and
i = racting elemcnts 1s thus pr éSe rved, Furth: ermore; v circular aperture, iying inthe
== horizonta plane ard rad.atizzg over a metal pianeé; prodices a much narrower bean in
e = “Parallel Pla ts-Optics for Rapla zScanmnq fcurgalof Apg;i‘i‘éd? Physﬂlgs,
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-elevation: tha.n we»uld he obtameu frcm an. equivalent linear aperture. Contral of the surface
: ha"acteristies of the metal plané by dieléctric loading or corrugatioiis or koth perml its
'changes in elev:mon pattern "'%ﬂm“* ;ffcc‘imf appreciably ‘the peneil-beam characteristic

of: me azimut..al patt_

- S e cmoon

lnis anterma posse‘;ses cnaractensnccx wmcn ma,nge i- uuawab 3

;.

nrae
ENISAN ¢

1, uo:np;lefe asial symmetry of ail stat im.a.ry portims. Hence, the antenniz is capabis
of high-sheéed séan through éither 3% of any Sector thereof by simplé rotation of
the = “laiively small central Tiub. . -

B e ]

Nairew azimutnal paitern and “S iy aéi‘é. el

i
|
1
|
I
{

B dbazopl
AV Ta ke : S -

3. Adaytabil1ty flLsh_ mounting. The pillbox, except for transmigsion line input,

- A

: - _isintheformofa circutar plaﬁe ‘only -one or t‘“o mches thick at z-nant:i and may
‘ " ‘)e inade.an mtegral part of any flat surface. o ‘ BT

4, Sim uitaneéous scail ixx several direciicns, Since [if all bends and transitions are

-sé;:,,tly matched) né 2afléctéd energyis mc'aent upon a tra"nsmitting waveguide
point source, a multip‘icity of sources may be used simultaneously without

Experimental and \‘heoretical utu,dies to determine the properties of the antenna have
been conducted and are now being analyzed. A ‘model has been built and successfully tested.
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L y wmuu travél in
2 d.ameter across the top.
Considerabie WOk has been cione in proving. or dié'brovmg this idea. I think that
‘T'succeeded in showing that such a system had inher&nt Spuérical abe"ratzen.
This is éviderit i we considec that this surface.an be pushed dowi to forni a

22

_kwo-layer parallel-pxa-.e system with 2 gireuiar reflector. There appears to
bé some cofrection whan we usé a cylind:‘ical surface sin¢e_the wave fronts
‘would turn up 4nd you can defééus, Charley Robinson found! that he could insert
2 layer of dielectric and ¢orrect some of the spherlcal aberration. This is in
| agreement with a statement of Dr. Kingslake of Bastman Kodak Company whe

| . says thdt no matter where you put adielectric you obtain the oppos;te sense 0f

) *_‘.nerxcaranerr iion fromi that o; the ;e-lec»o;.

geo esics around the si ae W&hs -and ’ﬂe radiated fr om

Kellgher: Salgiotie of NRT has worked on what We might call the Myers’ eodesm
(NRL) pron'em. Te used a type -of analysis essentially different from that employed

ov % yers. "He tried to mimmize phase eiror across the entire aperture,
 wugreasS I b ucu’z‘:‘!‘é'umu myera anziysis, was mpre valid in the cenier i the
=perfs_v'n Thave a quesuo ior M. Ro;man- Was this striicture a cyli zder

| : S OT a cone?

Rotman: It was a portion of a right circular cylinder.
(AFGRG:) L

llehar' It wa my ides that My rs’ results, described in the Jo
érﬁ ihrﬁinn#nﬂ "!‘ i: unt}\ ae
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- , Rotmaii: »-Siowed that the vest soiutics One m wmyp; the height is 2pproxing

5 ’ ' 1/3 of the r adius. For a cvmd.er o; zers height he compares a'30-uch _
'_5_ T } aperture: -*th A 60=inch a,nerture, The 60=inch aper‘ure( is sunerig:;, of cours se;
oo~ . when we ‘““'e cnly the center 3u “inches.

[ _ £ i S ‘§
i — For ou -.360-aeg?ee model, Wwe e_.,mct to 1Se- nonreflecting meta7' posts which
k! L s have been devel o;ped both tour laboratories and. at Bel' Teleptxone Lubox‘ator,.es.

; the: effective aperture of your system?
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‘ ‘BASIC PRINC“’LE OT"‘ THE FCSTER SCAN’NER B T uusal N ER :;?-;5
| - Inits most elementary form ¢ tha Fos»er Sca.r-_nar ‘may be considered as a line source ' .

piveted and- moving at uniform speed in such a manaer that when it has moved through 2 '
| given. a':g1° it snaps back to the orxginai position. The. source mist & placed on the sur- -
| face-of a cone and this cone revolved inside ancther cons, Suitable barriess and.an exit
| slit in the outer cone are necessary addntlons.
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|
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|
{ QUIREMENTS OF TH:. PRESENT SCANNER - -
This scannér . which 18 beifig developed nider Subcornts: 2-%-3318 fzom the " 7
£ National Résearch Council is intended for a Canadian Armay applicaﬂon. he System
requires a double beam = one above the other — cach scanning 20 degrees and both
obtainad from a single reflector. The speed of scan is approximately i5 scans per - ]
second for both beams, and the beamwidth must be equal to or lesc than 1 degree in 3
both planes. No dimension of the equipment shall be .wnge" than 72 in, It should be S
aslight as :peséible and should operate at a wave ength of 1,87 cm, Several possibili-
tics were ='.:gg=~°‘we,d, but it was df-\ci.' d tu f’-,-nsi:r'uCE the scanner with the fohowmg
I “features: T - S B o
';.'_-___,: IThe S - :l
: Ozdegregﬂdapart to i nt oduce tbe raﬂia' io m (i . o= — :
e - -Sing each feed to sl, ghtl ‘. O :
N ;e from ghest matale -
- e B N CHEg R AESS :""."‘ — _ i . g
R ool _ T3
: mey TS T o
- bench éésurements of ghort -~ o
: -s__eg fgne. It was dncidnd'to :seshuni’ slots in che array ‘The conductance of a singls T
slot is given. by G/Go = sin?4 er the tapercd-mouth arrangemant. usad; The iHuming - ’ i
??ﬁ matches.a somewhat arbitrary symmetri cal gabling: fuhetion, and ) s
- ,g mat(,héﬁ bg using ten g Sups c’ ten slots each.. The amp -ituaes are give*i by o - - ;
- = - - ..' - E B ::?j B _—_‘ ; ;I
; ) B ? L e SR AT |
S b P R T RO |
: S e & - YoNFDENTIAL
. T T - ) E UIx’TYI*FORM#TIGN . G
\.
R Ll H‘m-om
M_‘ ;ﬁ-‘-\:“":' s «m:fr%gwx_ vﬂg_;syme—_—A ,,%,‘ng,
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% e GOMTIDENTIRT, -~ BOSTER AWD SLEORD .. . . s i
:ﬁ e ' o- = - -7/-7__7 '..”.- o ot N -—— ' . _ - - ) . 1 “
k: - : . . £
- - e - - TAB;..F—I ST e ) - ;
E e o mumination Values-for the Ar rny - . _ i
‘m B e e g e s e e s SRS i Bt : %
é - |.Siet Number j1-19 | 11.20 21-30 41 60: 61-70 71, E
R 4 Amplitude. .36 1.0 |55 FLO st - s
B 3 : The im.cmg of smts was 250 sgrees wulCﬂ gave a 1= 1 i :
! magimum tise of taner 0“‘ Sfmbé. The theor wuu-m ya.u.é:.i"i was cumwted féra 1‘\)__
- slot arxay 58~1/4 in, long-{without end 10ad). The beamwidth was J2 uegmees at haif B »
. ___ __jpowes, and-the side mbes were less than 5 percent in figld Sti‘éﬂgul. _Brpgrimantal A,a\t« .
- .. térns were takeu at 15 050 magacyﬂ 5 at which the beéafiwidth was .74 degrées 4t half E
powear, and the side lobns werz if percent in field streagth or 20 db down. The angle of i
squint changea by 1 degrese fo- a 1.7-percent freguency change. _ 1'
: ’ . | 3 o
ASS MBLY OE SOURCE IN '!‘!-IE '23'.!.‘33 o iﬁ
- - - - — - : T - Corf
’? o . The channels for ieadir.; the radiaf"m ~ihe-array to the {aasr cone spaca were "
i “extTided by the Aluminum Co. oi Canada by a p“é €ts which was reiatively inexpensive, ) |
' Theé shaft which supported the inner cone was purposély made hollow to taks a waveguide ’
L feed line. The array was fed from wavezuides passing through a holé in the wall of the A
} shaft. The reior joint Connected to this wavegn!de vas mom.:eu ‘On the end of the Shafl, - .
! ' ' i
METHOD CF CONST RUCTION OF ROTOR AND STATOR
- . . : ]
I The rotor and stator sk eleto'ns weére made of 85ST machined ribs, A channel was :
i buh. nsc the rotor opposite the array in ordar to obtain a counter=balince effect. All
i tooth barriérs (L.cee sets) were machinsd tugether ate pre time on 2 mllling machine to -
i o giminate any difﬁcultv in meshing the teeth. | ma _sheet métal skins for the votor and :
‘ ) Siaise weil Foiled anto }‘ii'if eahes, aaScu.:.ucu fv uxd ‘rames, ;é;‘;:‘e rf‘:c‘“" bl ‘,h\.-':'y :"
i I rivets. The tolerances cn the tegth.were ;031 i, betweed the teeth dnd the skin anu 03'7 5
B ln. bot—ee:a adjacent teeth as. two uooth barrisﬂrs;aere meshed o 4
. - ) B }t
I The. reﬂector was an‘ asymmetrical para.bolic cylinger whicn was cut along a une — ‘L
' 'gnsﬁruction a3 ,wefg ed a‘:::mt 135 'bs. !‘!‘z?e :
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. ¥ have: always ﬁelt tha‘ the main problem was o n:.me the thing. Anyone can
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. we would.get poor: ‘beam Eharacteristic:
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see that lt wm wcrk We would 1iké to be cadé‘ﬁaic Tut e caidot in. this case. ‘
'l‘hn xnw‘h‘ndnﬂ mﬂi-nrinY nm ﬂn~ wiﬂ\-—

. SART seme den &, s
A main provlem is o g‘_‘" a snann‘“' ‘“‘G‘q"

i tne past i.,,: years: uy ihe z-mmim._.. *eur:z*any sf Cana\ea
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Dr. roster has Been handlmg this scanner* under contract from us and he is
2head of our schedule, There is che probiéw #siated to this scanner which
I would like fo mention. We have two feed horns energizing a single reflector.
Naturany ‘both could not be én the focal line. I we vaed a hormal reflecior
and put the two feed horns in the focal plane and displacad fiom the focal line,
y Since we. were using a
half parabola this restriction 1o the Tocal p onger &
Dr. Gruenberg of our laboratories. develase" a theery which mdieet\;.' ce?-
rect-posiifoning for the two fegds, The - results, when applied to the expe
_ raéhts] refléstor obLineq from McGiil University; were "iigmy bauesz‘
A space between the two feed horns was a iiitle over two ‘beamwidths.
side lobes were about 28 db down in both cases.

R :e:xasz,x.&n.x.!g.m-amaz i e B T, I A

e .

e
A

wold

&-I

Calebag

Has Dr. Grusnberg publisied this ime-matmn in any form? The useofa -
haif garabela presentg 2 different picture whe*i {hé féed is moved in approxi-
-~ matdly aiong i azie. . With the fe\.d at the fccal point we get 2 wavefront
_nammal to.the axis. I we mave in 3ué out along the axis of 1 @?_i_ aif perabola,
_our average phase front is fio: longer normal to ttze axis. Dicl ihiis fa t‘have
fconsiciereax *u‘rb.r Stey 2,

s s:)r Grnens‘ezt

iy < 1y,

.
A o

CSH uqilbca

I dcm"‘ know abeut that detallr Derbo,p

IQ

\
Y TR

/

o e,

Guadratic p

X< e .
a3 and you can compen afe for ‘that by‘~c°foc1.°s€°ng; O
the fead can be- movea. ’I‘hat o

-y, e
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We, i..e» Dx. Fc-ster, have bee*n inte -ested in thaining a sc annex*' for soneé R
tin\e. £ work at the previous. symposu_s.fma_ I woula

llke to- annm.nce .na‘" We. ha_ve, 4 scanner now: i3 S &

Buildlng 50, We also hwe representative s irom. merican Machhe and _ .

] 1“oundry (‘ompairy' who will! be glad ‘“_ex*‘ ain tb 1r mawuuxillg ..ecu..ﬁa_es. -

: e Tt : T — - e R 5]

b -;' i C e ~ : . N - . P - ‘;

,,‘; ;-_—; e :‘ {{ .'.—'-i‘: < - e £ i . . ;I

T e L ‘Nmes,x\mAL -

S SECURI"‘Y ﬁv"‘ORMAT“'UN S

e R AT g M T *}%‘M.

- _L"‘a....»_ﬂg‘,”-
S,




Lo FHOWRNTT
e e 4 g
L

.. CONFIDENTISL

e r L L LS. S L T TP
i

. 3 = . i,

.

- - W ..

. S : |

- E»

e g ; S =

ST Lo HIR A4 IR LA B e
]
i
!
!
|
i
i
1

Ty .5:}0;;;;@' NEGHTR ,wa

e e e s *W';C‘.V_Wﬂldnson R T
S IR .___.:__:j__-RCA;‘ Pripcston, N.Y.. . T 2

‘f‘h‘s an !‘é"t}a i“upavf; &hths : : 2 high-i‘e?()ltition y‘%g?_l‘ L
‘sei ne.ﬁg déVempeu ioF and searcl: Thé sysiem
operates at 35,000 Mc. It will have a range resolution of ¢ 8 feet by the use of 2 10-
mglaimicrosecond pulse and an a.zimuth resglution of about 0. 4 degree by the use of a

5-1 /&-foot apetture- ~ ‘ o

ystem needs which determine the uu‘get speci.‘ .:ai:ic ns of the ar ‘; nna. are. . ‘ - }

R s e F‘m-:}“ﬂﬁcyr.;;........;;;........ 3’.-.-,5.@9 :_f'é_ . I R
S _ Horizontal beamwidth,...... 0.3 - 0.4 deg. I
- .. 25 - 45.deg.
0.5 - 2 de. }
Verfica; tram anl,le.......“.. 0 to -45 deg. -

Three-zxzis stabilization:

T2l iveicesecencncncssrensresen T10 dOE.

. . niich... r5des. . - . :
s el TAW toutisessocresessiiisnsness £20 dEE. ) ) :
. : . _  Pulse length 19 m‘lnmicrose‘_,gna., 2

. _ Beécause of the.wride scan ansis. gxzd relahve.v uish s¢an Fate, -1t is Hnght th i the e
Foster type of acanne:g: is best. ouited for u“s job To: pmduce 30 Gégrees or 75 beam— ) o
e widths of 5¢an, the scanner will bx L bé-abont 6 fest iong and 15 inches. in diameter: The feed ]
will e gither 2 =lotted .waveguide linear array or a pilibox, the choic being mada onthe

char ‘rances and spiice avanabl_e. The Foster séannér wili feed & | half-

foca ; ngth for vertmal focz.smg toa
- e A _

fic ulty:s ‘

'N» ic ni-hm::ui ‘

. -proposed, .
& 1

- o~ J -t

| and rotor »and wilelace L‘zeac_ose‘ T N

) uxemer- vdicate app"ommatslj '40 ab far' i.he combim*iop of two simple quarter-wa*ge

g . tarted, p nd. it is £3 pec:ea mat i
K IR = 9
' .. v I — . i e : |
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, : ¢ been any. at‘emgt made. 1o prove inal pre :

‘o__keagrgov P TS LS e R . L ~

_'We have not done anytnmg .ue g those nnes as yet. Lnere is some zmication .
that we have the efizct you mefntion. O experimental work has involved .
.. ) feeding from one 1ong-tapered horn into another c long-tanered hiorn throu,gh a

. . short section in which we put th° chokes. There is some mdication of unusual
‘ ' effects. This type of choke grobve was described in-a Radiation Laboratory
! : - _report. They: -did‘not mention thig effect which you-have, bZought up. We

I T S NG N B4 W S B N T B B B T R PR

. CApCbL % do further- wor k Sa dur caycumcutal' mcd‘el inan at‘.em'.:t to resslve
= thisproblem._ Lo e amheee et e )
Feiger: Brown at Syracuse haa this idea at one t1me but he never did tx'y it out
@B} | =
[_ _E{Qstjer: '!‘he est way to nandle i;he problem is to puqh the energy down the dram as %
Lo o {(MeGiY | faat _n‘_sg yoi-gan, wREIL L L N - i
“Abbey: Dr. Tomxyasu of Sperty has done comsmlegé_ ; work with -ongitudmal chokes
{NEL) and hag developed 2 'c.,ek‘., which elir ingtes, t..is éi"iculty

.,

, VWilkihson: I have a duestion I would iike {0 direct to Dr Foster Soine of your previous
work urder a USAF contract indicdted vibrational probiems in your fahricated :
structure when high speeds were attempted. The structure, as I recall, was
welded and then some machine work was done. It gppears that nerhapg this
nresen* model reqs.u’.res no machming Is this true ¥

S PCRECEIs i1 1T o [ A

ing 1046 an:,; —m'échinmg 'you might as well have 2 a. castinc
the meael ma‘ethgr bo *ha.t 1o machining igh necessary,. .

""U

—— el sk e

"‘lié’wim(;#



pR—

ST T 'vvmrn."n}iﬁzﬁzi S T e e T e e eSeT Il i ol = e et o il el { ,:
| - | L E
I . - ) R i ‘
! - - SN = o 1
| : . '
: E B A - - _ ) < _ 7 ) ) i l :Xi
« PRI FGS!ER "‘CAN‘! “’;E?‘!E!:@’Piiéi“?é"eﬁs g |
'. i ’ - = :. E ___..__. ’ G' p Fe]j‘er - e R . . . R 3
T S eeeeicc Cee .. . General Engineg_x;i_g_g!..aboratory o 3
‘ Genera1 Electric Company o I o L
Two hoster canners are presenuy under dﬂvempme'h fordsé ifis ar ¢h anténna- . /
f;ya‘ams. Thése are of two different types, the first a double-beam ‘«; £ and the f
second a single-beam scanner. The first type iliustrated in Figure 1 A traveling- i ;
T wave line source attached is the rotor collimates the azimuth beam at an angle to the Pl
- lifie source equal to half the scan angle. During half the scanfing cycle the beam i§
- scanned.in azimuth through thé exit hora A and during ihe remiainder of the cycle through

typé reflecior in such a way that the beams sean sequentially in azimuth at diiferent -

~horik B.. These herng are dispizced on either side of the focus of an asymmetrical siat- '- E
- elevation angles, - - !

- - Dcs;gn Work has been completed and a prototype is under uo';strue..im. Barriers
‘have been matched in parailel piatés to less ihan 1 .06 VSWR over a Z-degree uanuwi
_ in the Z-band, The line source, consigiing of 20 groups of 4 slots each, was Gesigne

‘ tc approximate a Dolph distribution. The éxperimental pattern is shown in Figure 2.
I: The design figure for side-iobe level was 30 db; first side lobes varied between 23 db

- and 28 db. The lnput VSWR was less than 1.05 over the band. :

1z ) - )

e T 1

‘I- EI; m\

under dev elopment is of the ieed-tbrowﬂ tyve fed from o
Figu re 3. Since the . stem w!n emaloy cohevent Mi‘ I, N . i

traan g 2B

; The-second Foster scanner
- - ._an nvfa-img'l niithox, as qnown in

e

FEIY T
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- E&" AGAE syt 0 ANy i-“e lect.ons durinf' :,La_n must be 3
i . Smalr ingly, the - %
A 7 -DOUBLY.- . scaxmer: nas Deen Geblgneu S0 that the - %
HDR"'ON e 4 ’POLA‘?'ZED rTifi's are ‘eV_er barahe; EG‘ :ae &
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i
e

view. of the scanner., A output fIare ‘
has heen added in order to center the - -
-scan about the siormal to the exit horn.
"‘his flared section has beex rolied up,
-as shown in F gure 3;.t0 keep the &xit
R horn‘parauel {0 the séanner axis, As
iliustrated *n. this ‘fiam'e, the scanner
output horns and-separate tracking

it

o TS i o orer e b o 1

OUTPUT me‘:a - #55ds tHnisingto - commof | xeﬂector -
2oy o . ) having two: refl ec ing surfaces: ‘The
Figure 3 - Si“_gl‘?‘lbéaf?‘ Foster scanner front surface collimates the vertical
‘antenna assembly . jpolarization from the Eeaxrch feed; and
‘ C the rear surface co;lrnaté*s the Eani=
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- . In view of existing efiort In the zield Jnf *aaas' ‘scanning anteanas, it seemed that the
next logical step was the design of 2 multipic ¢lement system,. probablv a s sparated dou-
‘viet; the writér, however;, sugges sted that it might be well to examine certain 6ther phases
of the genéral problem bhefore -embarkmg on a specific design problcm. The point was
#aised that the possibilities of high and low index spheric and asphéric singlet dioptric
syStems had been ¢onsidered; catoptric systeis such as the parabola, sphere, etc.; had

opteic systems; A phiios mecax exauunadon of the -‘aiadxoptnc systéem shows thai the
corrector piate may be placed in 6ne 6f thrée possible positions: (2} infront -of the mirrer,

(b) COincid st with the mirror surface, or {(c) ‘Bahind the. Mirror, Combinations of these

are also possible. System (a) had bt:eﬂ studied by Stanfota Résearch Institute and others
and reported under the generic terms of Schmidt, Bouwers, etc, System (c), while atfirst
glance appears ridiculous, is actualiy 2 distinct possibility if one admits the various folded
systems of the Schmidt type, System (b), however, appareiily has been little considered;
and accordingly it seemed advisable to investigate it, Since this system is classically
known asa “Mangin Mirror,’ this term will ke retained,

B S N

beeﬁ cxtens;vely iavestieatec but an egually &iiensive siudy had not been made of catadi-

-t

baealect . oo pasureighod s o
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. e and polished; aiid then the rear surface :,'515.;;
e was silvered. Stich units were derion- - 5
' .. .ASwaied o be seqsxbly free from spher- *:}j
e 21 " jcal aberration; and conid was-duite B
. - - ER dow. "r‘hn r:vqrpm never réCé.ﬁiéu uxum; . R ;,%,
.. favor, l*rgely Lecause of the steep curve S
- ) . <. .°  onthe front surface and the consequent D %5%
En 0 "L 7 excessive inickness of glads at the mar- - *L“i

: gins, Further, the parabomm, while - T
e e - harde; to makKe in one Sense‘that a, ~ /;f
thure 1 - Se Mangm Mtrror . sphe "éﬁ é’ssenti%iii:;' a Simprer‘syswuu -:””f

Thé fact renminy, however, that Mangin did show it was possibleto correct a spherical -

reflector for Hoth coma and ‘sphérical aberration, and for very large Telative aperturss at ot

- that. Unforfunately, details of Mangin’s work are to be found only in obscure Frerich Govern- s

ment pamphlets; hence, it was decided that t the Guickest way to assess the advantages of - e

the system was to-actually calculate it out, To this end 4 radius and-apértiré were chesen

- — =for the mitrér surface that wotld-give apbroximatsly an /1 "ystem, and then the curvature 3

of the front Surface was varigd. It should be bornd eleasly in nind th that this isnot “pend- ~ — =

ing? the iens in the strict é;‘;tical’ sense of the word l_nasmu_ch as the paraxial focdl iength =

- - T Awng*_w'.bnni’ nrmnfnntw _--A’ _ T L . '::_2;
It-has beeﬁ ,xe.me.! ont that onc of the prime difficulties with the Mangin system is the =

Zcessive marginal thickness., Considering the wavelength region in which we are working, =

3 cccurred to the writer that it might be feasible to adopt a basicaily different fabrication

g technigque, This would involve Spinning the spherical reilector and then spraying on the ._
correction conting, The coating would then be finished o a zero centér thickness (& = 0), e

a alvs"‘ vone should consider the effécts of varying the radius of the first suri-ce and "

= of the dioptric mate *‘ﬁL Although the investigation was directed toward finding T
a zero cesa:‘er thickness, it spe ,gcjvigable to inves iga"té. toa 1imi ;ea ex»enﬂpe effect B ‘—Ir‘i

of finiite centér thickness, Theé ioﬂowﬂﬁig 85EHGAS cvmpr-isa g cm...méff .-"-" e zberrai.ans—

Lo . spriericai; coma, andast mat*émf-:whi(;;i-a;‘tg of greate

L 'scanning radat antefinas.. 'j T = RN -
. illgive the primau‘}

; ] e..actness_gr St’!-'-'.i'pr S 2 t high f-numbers, such- pxpres- 2

or f-numhors in the vicinity of unity or less; Bécause- _ "5

_ acmngrcce ..;ve ,...s used -détermine the spherical R

£,0001° but with six decimal E

§ idi g off-‘ erru,.s. Since the amourt-of cal- 4

_nly the results Will be reported j
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quatirmsudx and_nbl-are ‘the apgles of 'inc“enee ‘and refractlon resnectively, of the
chief ray.at.each surface. Image ahd- objec-. distam,es are inégsured along the chief ray.
These - oquatiene &re not redily accirate ior ‘wide apertures, but they do furnish a first
appvoximahon. In the final analysis of an actual design for wide-aperture systems trigo'ma

metrical ray tracing would' be emrﬂmm-f' } L&

—— g N Tmar : - _ -

N : - i
Tables 4 and 5 show the effect of varying R1 and the indek. Figuwre Z2isa graphical A
presentation of the results of Table 1 for Ry = -'7‘“"‘2- Recause of tnne limitations; no :
-attemptwas madé 46 check the cffect on as’tiﬂm m of an inerease in center thickness. o ] R
It is ot anticipated that such a proceﬂune wou.ld bé fruitfyl unless the thickness is increased e
excessively. . N T - -
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| with ea.smynn-c-, s ;ste.‘.., des:z.....d' fo dovtha Mme ,"‘b. A.f‘co dingl; y, we diseuss ur modmed ]
| Mangin system (henceforth abbreviated: MMS) first in tex ms Of tne Rayleigh Limit and then
. Bycom .ris'm with 1ts existin coﬁnterpartw. e o _

1. S Y g ) :

b - T :.‘ a “‘ l-"- = 7 B S “:' - .
S mvreizhmmit ST _" ::',.-: L e

“‘ . . Wriue the statement of thé Rayleigh Li mit t erms of p:a..., éifer»nce is "fuqdamental
', the statement of optical aberration tolerances in this reanmer is indonvénient, It can be
i shown that the Rayleigh Limit may be restated in tefms of spnerlca.l deberratian coma !

y b4 /

| ~ -and astigma ism a8 follows-9 7
| ) ' _ . Tolérance for LA’ . (4)

' - : ik
h Tolerance for Coma, ~{5) L
ey h ) o= I §

P A i _ |
‘ . e __Tolerance for OSC/ = {8) i
| =5 Lo - = —— R —-— = e ‘:_-"‘—— T ".::“- - — e e

| S - ‘ ;
‘} - . Tmerance for focal range ) {1 -
e - = e ~5 o2 oo S et -= e = Rl

|

where ¢\ is the closing angle, »’ the index of image space, and H'y = he;gh; i the imaée
determned _by the intersection cf the principal ray and the paraxial image plane,

i' _ If wé choose an antenna of diameter 72 inches, then 1.5 ru (relative units; 36 inche.a,
: or 1 rd = 24 inches. Thése antenna dimensions may, of course; be varied at will, sub jeck
| . .%o the prob;em 9»!: hand, with consedquent reaenmtlv.. of the Fu, Let is in additio chco«e
— & -{ 2 >4

iatis b 4 =g B 555924 _'_e:-acs 2.

'w'—; ..=z-- s Pk

.

"uch G ch ) ce

18 dered an 'r(b

T

5 e
~ l-hu omn“ml-_ln n"emgy fcu &8

: s:;gmatm.u.

]

|
1
|
50
|
{
!
1
is
1
u y
o3
|
|
LI i\ 4
I TR R

\

1
sy i

184

pts I ')‘

ey /
Han e <
4,«»;«%:&., ; ;ﬁfif‘%l e «-w?*‘”’_._ 2



W raidin

]
|
i
i
|
I
|
t
|
]
i
|
|
i
{
|
i
i
‘?
}
|
!
i
i
|
)
l
l
nq{

% . on T}fmrmﬁGN.M_IRROR 7 CONFIDE NTIRL - T

»

T
il ik

|

|

|

| .. . Theé meagure of coma used in the s ctmn on: ihe Mangm M1rror is valuable because
| S itis (2) a relatively simple and quick way of 2ssessing the variation of sagittal coma With
|

i

eV —ay =al

Syshem parameters and (b) does provide an excellerit method if We wish to iudge the varia- ’Q
X hcn of coma in terms of focal length. To judge the coma interms of the Rayleigh Toleran¢é “F
- s Mmay use the OST TofConrady, . . - :]%
OSC' =1- (8) , _f"
r " Wheére - . ' : o S
| - — . 3
f é'p =the closing angle of the para.m_.l ray obtained by an artifme in ray tracing, %
e.-'.M. = the closing angle cf the margma.l. ra ]
‘ = S §-"3p' = back focus for the paraxial ray, ) = .
J S’z - =back :focus: for the -marginal ray, and - P . S -
| $or = : distance of exit pupil pomt from last surface. o, £
[~ o . I
; it is clear from Tabic 2 iHat it is posséo ié {0 obiain ZEro coma by by correct choice of i idex, !
f - the index for this condition n being about 1.7¢ when R, = 0,68Rs. There 2z 2 reasons to believe, )
ho “'ever that the utilization of n = 1.52 ma.y be advantageous; so ‘OSC’ has been computed ,
| for thres 3ciscied valiies of Ry with t = 0, The FTesuits and comparison w1i;h the Rayieigh T
= 'l‘meranc f r OSC’, and hence sagittal coma, appea;: in Tablé 7. - - :
; e TABLE 7 "
l OSC’ for-Selected Values of Ry /Ry; 3
‘ PR : t=0 n=1352 Rg--4 ]
! = = e - a g
[ - o ,h '-_4 - ‘7;~ ‘ - - - - -
R B e e~ o o R e e e
- 86~ -.02656 030910 : ) )
| a0 -.043097 2925

but more stringen 'tolerance was placed:r_m S_C ’ by the use of H'y. _. _

"'he TR0 _"‘ “th true:Raleigh .-.ol.erance_to_‘:.‘:at indicated in Table:! is about 8 7. The psults
g hoth p__easant-nnd (as expected) unpléasant, Pleasant becaude

_;;o’d Wexl within the-Rayisigh Tolerance by proper cholee-of

3” {3) does:not - coincide With: the minimam 'value

'{

Eo— 1 per | { [ )

j! spherica_ and (b) Bééur ata rather Vsteen cu‘":'*ure. . e s S e
i = . . = S P A

| S *If an actual des“t : 6

! -the-best. Rm.JRo, t and It is ‘fauly clea_r from 'Bable 3,\t. , N

gained by ixiérpa,smg the center thifekmess t from zerp. ST

= _

.[‘ . I!T t us-refer 10 r:igure 2o study ﬂ‘e ast;gma.hsm Fhen thu frorat surface 8 the ; top
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This ani

{ - ' - -'-a,ssumet: antemm digien iérm“.« ght -
. “well be tolerated- &s i is :most advantageous,

as we -shall aee, to usse the full focal rangé
tolerame a; maxim"m field Th‘“ "cnte‘

N N s e e

‘pupil poin
the.ante ¢ad
{0 move, circularly with the Vertex of the
_anténna as a- center and the paraxi&. focal
length as a radius, it is ‘highly pess

ibls that ~

the defocussing produced might well be accept.

hic: v

Aanis

able; T ssjbihty e%ists since ast.g
pfoduces, n general a symmetrical diffuSion -
wiieras coma does. not

The Rayleigh '1'01ers.nce for the astig-
L matism may be determined by @,ssummg that
“ae chie£ ray is f‘ie optical axis rotated and G'M is then 4'19 angle between thé ray from the
upper {or lowsr) margin and the chief ray st she point where the feed is located, To & Suffi-

Avva 13% 1

Mangm Mnrror
0, N =152

177
i 8= 12°, and 0 = &, 1[;1_.&, the. aetlgmatism allowed may be ue?ived f7¥om EQ adcr. 7
- SR Tolera,nce for astigmausm =- ’f_ = - -
e . wsin®e'
I - T .
! = 0492 )
| (. 2139‘)2
|
g -~ )
! - - - - -=_..I.'TDZ__. v—‘} -e. - (_’Iia_t’
| Referring to Table 4 or Figure 2, We see that this tolerance is 1-.eached at about 14°
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s ' Comparisoirof tha Aberrations of the: Simple Lens,
TR T therical Reflector, anu‘yaraboioidai Ref t_tor

- - i ReﬁectOr 1 _Regle\,tor_ ) _Mif:r_b?

L Spherical  }eannotber R | - Zevo : _
N Aberratiov | madeless. . R R N

s oo | g6 vormal |- -
S I valuesofN ‘ )

- dogoms i} canbemade) SRT. | - »RT. <RI |
Y - |.zero -3 ' T B

~Ast1gx;uaﬁsm AG\,I f o LN S céfna. so-great . =0,
T oEE ‘ﬁ:-;;;::;g‘gﬁg;gﬁ =B ~edeeec 00 1 that hides effect | ) )
T ST - | N - - of astigmansm D
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=~ -4 study of Table § shows that the MMS is clearly superior or equal to the others as

regards coinég and sphencal aberration. It is understaod, of cousze, that if an aberratics
may be reduced to 2ppreciably less than the Raylelgu Tolerance, theié is no significant :
Hefit in fnﬂ?mn‘ the aberx:atmn*‘tc zero. As 1°0arua ast it mat-sm. the four Sy "tems ire
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,:. L nd the center “of curvature of
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, o ~theoretical study wa 6-§ind the ana.lvtacai reia.ion befween R Ry, nz, and in such ‘
. - thatexact coimudence 'woum easim. “The derivation proved quity si. mple ans is anere ]
l as a matter of interes e ] - o o
5 * | ' , ~ o /]
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Rl =8 1-3 04 R2 = -.67105R2 . o " ,( ' o (175)
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fadii of curvafure.

lese agr»ement with the value interpolat fram Table i,

- T . T

As in any preliminary inveshgation of this sort, a +ev1mnation line must be dfaw.
It was thus decided by the writer that a sSingle study would be made of the possibilities
inhérent in Eguation (18) and then leave further detailed. analysi., for the actuai design
‘phase, if such there be, According’y, the astlgmaﬁem '‘OSC’ and spherical were: determined ‘
either by direct calculation o by interpolatidn, with the results appearing in Table 9. ]
.'Figwfe 3 15 a graphiéal sketch of the system diséussed in "‘ab 9 showing the sagittal and -
e tamgen al §3 t&rce'nf.s thh tb_g meridienal Dplane, = :

Figure 3 - A9t1gmat13m fox modtﬁed Mangin
system. R1=,671053R,R1=-4,T=0, N = 1,52,
stop at Ry
= e e _ - : /
: i o TABLEO o

xargination of Table 9 and Figure 3 eveals fhe effe.,ta of moving the $toy,, T!‘ese 'efféCts
ane: (a) the most prominént Shange i the largé *ea ‘"tlon in aStighatist., {b) coma and: ~

o

_sphetical aberpdtion are relatively tnaffected, f‘c) the-‘sa "'Xc f=-number is to be. preseﬂred .
the edgre fmcimess,must be about. uox.mea, and:{¢ 1) tﬁe zw atare ..as s.hanged f"'\)ux )
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the chuice uf an artificlal stap. These, however B _are more of a m—\chamcal e-xgineerins

:nafuve and wiil not be discussed in this report, It is clear, however, that by proper move-
. of the Stop, thé astigmatism can be reduced to aboit the Rayleigh Telerance for the -

- desn'ed field, Inspection.of Bquation (8) auso ‘shows tht by proper place:;ent of the stop
sa,,it‘zal-coma aay be red med to & dnntauy, st “ala .
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Duinbar: 'We have s0ine expermental resmts obtamed fromi a pillbox of 30-inch
{SRI) aperu;;e operating at 0.85 ¢m. It is a one-layer t pillbox of 1 ’8-1.".3.. SMC- 5N
ing employing a polyethyiene ] 1lens. The feed horn is. inthe aperturs; s ) :
it obstiucts. to some extent On-axis the beamwidth was 19, and the flxst b
sme be wa - beamwidths off, the beamwidth h.Ld increased 1
20, Johe was =Hn 16: dh, Atk s bnamwi..ths off, 4} the ¥

} . _the fu“sn sme m&;e was razsed tu 14 ab. Be\,a sa We"a*'n m a,wmmr} maw T
' - L system this data gives no_ ihforiation on astigmatism, The 27‘-uegree
|

: . position is far in exeéss. of the value cc.lculated on the basis of pex Fmis-

—c 7 sible astiematism. The incréase in beamwidth is probably dué to some = - ‘
coma coming into the system, but the pattern did not show any coma lobe. o

. ﬁii_denbpm: I would like Dr, <Junter to define what he means bv relative anertur‘e and
(BTL) to dismsp tlu= umts UbEd in his tables.

; _ _Spsnceri .On the- questien of i/D rauo, we. Have a. p:aﬂhcal r‘cnsidera tion of turning
| . (AECREG)- - ra __§_.‘.is *—'fhich limits us, to va ues less t}xan T T'” 5 .s due 'co the fact thai.
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“The sr'anper 15 be describe& in this Flk isa wide-angle svstem capable of sweeping a
' pencil beam over a greater angle thar. any existing scanner with which we are familiar.

if anyone requires an antenna which will scan 2 narrow beam through .-.20° in one plane,
this, I believe; is the SOldthIl. ' : -

Tne sv.atem for hwh th.s scanner Has been designed is a target-"ﬂt. sition radar
which will be used in conjunction with gun fire control systems. It has generally: beei
congidered tha‘ the antenna should scan a béam over a hemisphere. A more accurate . .

* description might be the scan over the tr ancatéed - hemiSphere as shown in Figure 1. The

's"amzer E‘!’,ASS “R”‘VlG& e’..-“ covera.ﬂe Showm. nere once every four SéuO"&(!S;

solutions for executing this coverage hav een prcpc,se An ;
ndusitial faboratories have foriially proposed four different vaes. Rad.io Division ]
have nrowsed,f between them, five differeny solutioqs. At the prese:‘.t time . ?
) .it appears t.‘"‘t e*v'e‘ » ane of these proposals could-be’ succe.asful 1y emplpyed on 2 large ship. - ;j
" However, if we assign the single further condition thai the topside w:ight ve less than 500 ' T
1b, most of thesé proposals are unusable. The reason for this s fairly simple. The SysSisw .
m .,usf be stabilxzed -and the weight of convent. --al sr.anilizati\on is pmh.ib‘tive. , .

~ < it B L 3

:shown ih rif'i..re 2. It is a BTL prostél ‘ 7
last symposium It emplovs 2 cylindrical
stem wi"un *h(. pinbo" is an organ pipe. . o
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! ) Its ‘output can b° seen at the pomt where the. E
H pillbox plate is cut away. This system has )
§ _ the desirable feature that the antenna beam. ,
and'the rate of scau can be varied dusing the ,
scan cygle. ‘Unfortunately, this syster: must .
> _ales be stabilized, and is, ‘thérefore; too heavy
for the m’!ﬂ‘ca&cp we aré interesicd i... .
I T : {
- . {
) Fi g_nre 3 shows a modnl of the systein g
M which we feel Wwill do the jcb. its tentative )
T parameters are auout the same as the BTL A
) ‘syStem. Its reflector is somewhat smalier, .
) and it gliminates the pillbox weight and less. ;
: The bi ggest weight saving, however, develops
! froin the fact that instead of stabilizing the
: ~ entire structure, o n;-y the feed is stabilized. _
1 ’ - ]
I Feed stabilization Has been considered by ) |
: workers in this fiéld for many years. It is i
E - ugnally imrael _afg“- fecoghized that this can ;
: ' g B .= _beac ;hi_gved onl when the reflector or lens
'} ) " Figure 2 - BTL target acouisiﬁqn system US€ 'as ob]ecu eiga wme-amne Scanner.
} This iz due {o-the fact that stabiliza- - - - - o o o
tion is.accomplished by scanning the ' =
antenna béam in order to hold it fixed
' on the horizon ac the ship rolls and
pitckes. Since 2 roll of the order of
t30 degrees is expec'. ed, the 'antenns
' must be mmh‘e of scanning !
- {
i ) feed bu‘ the reflector.
. The fnost interssting feature of .
, 3 this scannev is the reﬂector. Figure 4
i s i
STy pgab@a a.min the‘-ith“r :
I mg,Athe‘ parabouc . i
I aw:"al .m"?;e' ] 4
L . 91 :
R . in-the manner shows here.
T . o) indicates hcw a feod: can X
T ‘ d through 120%usingthesym = !
. " .metrv .of the cirels,  The change in 2
T ' i Libtend_.e‘d by therayc from !
N N i'J

gy—m "‘f . .
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Figure 4 - Cross-sections of reflector

of £.16 R, and an expefiméntal model with ~

|
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) An investigation has been made of the ratio
“néaroptimivm ratio has been built, - -
, . A -¢onsiderable amount of work has been done on tkis ¥ -band model of the reilector
! {Figure 5). In this case, the {/R ratic was 0.46. Identical parabolic curves were cut from
sheets of 1/16 in. brass. These sheets were assembled so that they touched 2 circular
ape on the base, Ordinary window scresiing was then applied to form the reflecting sur-

ge. Ths resiilt was as though a single parabolic curva-were swent through 130 degrees.
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We are inthe x\‘vmf-ese ot construtting another X-vand srodel whic
and. wlurh is generated by a curve sweeping through 180 degreo.s. The feed Shown on

: Fzgure 5 is one .of those which we have tried. Note that the outputs from the: organ-pine

16l ma‘ease in sme i’wm ,:neeend o£ the aperture to the other. T ‘he mc""‘ piate is

v G ﬂr\mdﬂvh‘af ]arcnr i

AW IINFAZANS F A

ate used 6. iee efigcior..

I ~qure g §_l_mws expermentax ;esultb when novmal he .ns'
.'Phe fipper curvesd are patterns in the- plane of sean, while the one plotted 10db. -

- - pattePn in the other plane, The. change in the uoper patterns is due 10 the' uso £43 "amous I
feed horns:-etha,* is, to the use of various areas of'the refleétor, As expected- ‘the patteins I
swith best lobes are those with the broadest beains: The side lobe level for ihe nariowest A

beam is 176b, This; we feel, is adegiaie for -our purpose and sup°ricr o:those obfained - |

frof existing scanners which have provided satisfactory operation: It has beéﬁ UOSSlble

to obtain a pattern in the plane of scan witha beamwidth of about 4.0 degrees and. side lgbes

of about 20 db Unfortunately, patterns in the othe‘ plane then had oroader beams.
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The pattern obtamed in the hormon»ax plane is vcl‘}’ g—c—::i. mc‘ side 4(_)2_:e_s_ are, low
T — haz ‘:.cemuossible to decrease the beamwxdth in t th1 p1..ne_s_1§ght1y at fhe expense of higher
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- -  giye ioncs. in-general, the patterns obtained in- n this plane are ébout etual to those okiained
S e ~e & é-!nh n( "hn -

from.a parahaloid, This is die in large measure to the fact that the ¢x8ss §’e
reflector in this plane i$ & parabola. S L j
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C FEED STABILIZATION SYSTEM - CONFIDENTIAL

""‘4 ] atte; fis shown : here are among the first we obtahed We have singe taken hm-

dreds 1 _f;zmtterns jn-an {hvestigation of unisual feed. eystems. ‘We have fot decided exdctly

which 37‘ et (o use, bt we fe«el ‘that we cm always fau back on these particular patterns.

a e e

xhe methods of obtaxn_ng feed cﬁ.ablu:‘ﬁc-n (V‘lgure 7). are » f some interest. Gur fix

'E:Q - ad around ke _y-*nxn ch‘nnn{ sn 'E‘-Im“nh 7!«:\ T!‘.a cnmi...niw !—3.

TRLRAD SRR aB

id] ¢ates a cfass section of the' reflector in the vertiral plan " The feed sys:em i8 2 wping

‘scant e-:- which will be oiscw:sed in detail this afternoon. it orovideb a msthod for Ieeci!ng
LAY, - ey

any Of the ifve horns Which lines up with the innér féeédarc: In the present position, one

;.
»
)

) "‘orn is about 5 -eriter and. another is. lea~*'11g the feed arc. Stabilization can be achieved

,bg_merelg holding the fead line to the infier arc: horizontal, Any horn is-then initiallw/

n it Hes in the horizontal plane. ‘Thé initial radiatéd beam will then always begin
its sca,n in the horizontal p.a_ne. This beam will accordmgly never be direcied below the
Horizon and will never begin e sean at 2 peint zbove the liorizon; therefore, stabiliza -
tion is 'whieved , - :

“igure T(b} indicates the method of stabilization witxi which We are now concefned.
It consists of four fecds with an r=f switch and an organ-pipe secicE &i iced cChannels,
'Stabiligaﬁop_ i_ achievad by holding tha fi=st channel hgriaoqta_! =o that the beam at the

beginmz*g of the Scan cycle is again in the horizontal plang. This second solution is now

preférred for several reassns. The most s;gniucam reason is that a similar feed system
oceuts in thé BT, seanner, and we hope to use thelr Tesuits in our deS1gn.

“-trssspe, wvu_’ . s

rliffo

Vaaas

29
re rsce between the

34 A i mp vertndla SR
‘131" UEL‘.,.., cco*v_v_u_él,g Re
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BTL FEED SYSTE":! EED SYSTEM

KELLEHER AND HIBBS -

S - - — S — F'uzurP 8 -.~o:nﬂan-!)1,Qe._£eed svstems. A - i .'_:__,

Py 285 C= = et S =

pipe aps.rturc o . ' . - ’ i

turn, and each féeds the organ pipe. Feed eneigy is then ma,cle to sweep long the-organ

I would like to tzke this onportuni‘y to thank Dr. Wheeler and: Mr. Lince 6f BTL for
their very helpful cooperation and for their pérmission to use somé of their figures in
my paper.

Figure 9 indicates what 0¢curs as the antefma rotates and th i snip ko &a a fixed posi-
tion of roll. The first beam rémains hofizontal, but the plane of scan is not vertical.

f‘nvvrnnhnn i'nr gvam“ﬂ-\ an R nlewg_‘_-i:r.:- pc':,’“"“" w\nel- t‘i}on hn ini-ﬁn-hu-nﬁ in fnrme nf i'hn

antenna posiﬁon and shin s .,osl iog,;. e S D e '.fj?;i
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o Figure 10 shows the nroaosed Scanner dimensions. ‘The raflector Will be 'ébb'if i féé't'
by 5 feet; The feed anc has a radius-cfabout3 foot, We sipect to get a on-horizon Heam

of 3.5 degrees & by 3. 5 degrees with a corresponding gain of 33 5 db. The beam in thé scan

_ylane mll increase in width wit increasing elevation up 5 a.maximum iidth of 11 degrees,
ug £ the: weight~has ueen given o us as 250 Tos Without pedestal and aoou%'

»

ich
<~

opny of wide angle scannersg it offers a 'comparison

The ¢ompariseon is baséd

Figiire :1 intmd 1cEs some p1ii-:~=s
‘between the lens; the paraboiic cylinder, and this fiew refiecior:

~ ORn. voncn_nts of effective aperture. That is, how large must these antennas bE in order to
- pEod hezsame beamwldtn or the sam ?

B e

R

o omd

€ gaxilf

Thﬂ mathematiﬁs emploved here is quite simple. In the fundamental case of the qimple
aperture ens, we have the effect poinied cut by Dr. Spencer at the last syimposium: The
effective aperture ‘8 is related to antenna size A by a cosine factor. A similar relatiof
oceurs for the-parabolic cylinder, but here-the antenni size A must ‘be even greater by an
amount 2 A to insure that energy is not lost past ¢ the reflector, The length of Adepends on -

the focal length of the system In order to obtain usable huibers; £ was picked équal to
16 line-segment.. To.avoid ¢ r‘rowcln.__ , the drawing

‘ar 1

e =

S Y.y

- C‘!/E:;tua.l. 1S5 10 Was €
. shn.ws f much la.rger than this value,

v

v'l‘his pa.rti«-ular representation md“ates the le
n\‘ by t}le fac

XA

uzl to-Cne-half.of th

ns to be superior to the cyhnder. i{ow-
t that the feed displacement for the léns

at . Af

-ever, this superiority-is somewhat offs
is greater than that for the cylinder.
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‘ u-::ns B 2,00 4 1414 |~.|524‘ LENSLOSS . ¢ ‘
1 PARA“OLEC CYL‘NDER 3.73 d 2.4td . 1.73d PILLBOX L9885 ';
.. WEW REFLECTOR 1784 1754 heed, MO ANTENNA LOSS
‘ - — = Figume 1% = Coinpa;ri_s,gn ef:v:defair scanne*s ’ .- - _',':; /
I ' i
i i . If wé consider antenna size amp‘_’ :
e idg s.ugzes me W renec'or m SUp L
L ~ le‘ 1S ti
| |
be -_st inhe le'xt inxthe iens. and the parabolic cyltnders ¥ 'hich utilize :
X : -th;a,lasf s'yii'zposium that the normal lens. ha.' a 1oss of 2 i
. - I‘z ~omdche cons merationg cqvere in this talk, t a pears that this new reﬂector *might !
be a useful component in scamung systems des’fgnegi fq“ wlde-anzle coverage. !
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. - - - DISCUSSION !
| 2 - ’ N - o > 0 ~ §
Spencer' ‘Could you re;st_at,se for my benefit the shape of your reflector? _ :

_ AVCRC) R I .l

== s N S = Sl TTT T Tmm T e e s - ~ R i!

- , R

1'{ellemsr' The reﬂector min'ht hﬂ call'-d a parabo lic torus—that‘ is, a 4ot g;mut-asha_ped 1

(NRL) Surface, Consider a doughinut, and replace the ordinary ¢ircular ¢¥osy section ) o

by 4 parabola. —A section of ihis doughnut then forms our surface. = 3 o

Spéﬁcer;. This surface is rp'minis'c'ént of ‘what we used to call the ioa.rlrel eﬂcwor.

Kelleher: Yes, it is related, although I beh eve the barrsl renectors g Te us ed to produce
c_osec.«ant beams wh.ereas. this protuces a p.e_n.cu beam.

/
‘J
i
i
g
B

‘Dunbar: §am interested in the last siide shown by Mr. K e‘!.eheu *. 'The fact that the para-
(SRI) bolic cylinder reﬂe(.tor and the torus do not ube their e‘zt_tire sur.tace at’ all

the suFiace. it IS a prxce you maust pay  in ord‘“ to obtain scaur‘ . ‘A e;laula re

| .. lo8s in gain is cbiained from the fixed iens aperture beécause ‘with scannine the
‘ ~aperture dec ~e“sos by the cosine of the scan angle., P

3 Kelleher: Tha.nk you. Tha.t is the .;oin? T wanted. to make with that last slid.e. The lens
| appears tg be good & ¢ smaller angles, but it would seem that for wide-angie
‘ _ scaniing you can use only about 1/2 of your aperture in almost an y system,
T L lena or othermse.. . . ) . e

e e T
T AR e T
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'I"he ‘Bell Te'ephone Laboratories is in the brocess of developing a radar set fo )
picket submarines which is intended to p"ovic’.‘s ‘accurate range, height; and azimuth data
on n-aircraft, . ‘his radar-wiil-operate-dnlis anua.u\’i. e

O

Thc anteuna for thig radar is bein{_.. designed io eene“' te and scan A TArrow pencu
‘beain rapidxy in elevation at a lmea; rate while at the same time rouzting slowly and :

anifor rmjy‘ In-aZimuili i & proviae eﬁne}r co;npxete o sectoral agimiih coverage:;

éiaqéc;u-; i wnigue in t xat i % 11 #épres “ﬁ- '-ia,e first applicatio“ of 2 metal-pla,te
lens to submarineé Service and also in thadt it is to be mounted.ona platfcrm Which is
fully stabilized against roll and pitch above the déck of the _submax‘-i‘ne,

ey

W.O"

The metal-plate iens portion of the assembly serves in the usual way to collimate
the zelatively wide-angle primary radiation frem an slectrically scanning ¢ “point sounce”
'-mrn a r.znnnniﬂo hnnc‘l Beam. 'I"he ’q"C.Tu_;.u g -1:\1334- cource ig oat‘a-vux{‘nr‘ ‘h-n an gr‘u‘ﬁga; yl““”

% NSNS 222 A2 TSy

scanney houseu in'a wate®-tight weldment and i Locatea at an app*opnate distance and
posi“an behmu the metal plute iens ass-mbly .

and 7'7_ 1/" T niah

comnosed ot 73 horjzontal metal plates of 618 aluiai inim i/8 inch thicx. .""he coatc:ur of
the front surface of the lens. ‘will be cylindrica,l, with the axis of the eylinder horizontal;
"~ The curvakire in the vertical plane minimizes ¢coma aberra,tions as a resut of sscanmng
off-axis appruxz_matoly t 1 1/2 b’éﬁmwidths. - : _

wazé nncelssary to locate tne lens plate sepafetorcx & maximum of"'

i
TS

j LS E*’iﬂ&m"v‘s &

A‘(‘\F{""ﬁunﬂw S o o
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) 43 AN OR‘GA,N-PIPE ANTENNA CONFIREL “TAL.
S ) 3
. . m the final desig*i itds plamxed 5 -cast together grouos of 8 feevd hov'ns fo- provide e
ma;imum aiechanical resistince to i'ydrosmtie crushing forcés.of $00 Ibs per square “»!
inch con the sides: of the scanner housing when the submarine is at maximum depth. This ;;
. total force 4mm_pt_ fmnpproximately 18“ tmsor.é tnns per feed I ...,.n. &
‘ o _“_:--”j'ﬁi;e;.',..-d;auz,n»aauem of the Scannéy horns producesa 1Z=ab mumin‘zfﬁbn @pErdor © T T =
the.l'éf,ls, Midior lobes of the primary feed pattern ia the ‘horizontal plans grd dovn about :j,‘

‘25 db from the peak i..*ensxtv In the vértical plane they are down about 13 db at the genter -
6f séan, ‘T‘nase iarger lobes are the result of the. sm\.e-phase ;elationship necessitated -

by stae'ting the. ner..s 'with their magneétic dimension. in the vertical plane. Closer spacings
waula iznprove ie ‘m.* T.vould nececsitzue nax«rowe; ‘horns more 'xearly appvcas.hing cutoff, L

e

The 4 scainer horns are ex..i*ed throuoh 44 separate wavesmdes fe’dcd. together
in a dompact assembly. All wavegmdes are a:mro**iw stely the same length and are made
by bending a continugus pieceé of waveguiae. Ti ;eimng arrangement for the waveguides
“provides a u-saapea bend in.each Fun which perruts design changes in individual Waves &
guide leng“;s be readily me de as may be required _ Co E

S aré ‘“‘cught together 23
fa

- The. input .,e_nds--e» ali 4% wave*'uide ,
at the cénter. of the scanner. A small feed horn subtermmg T
waveguide apertures is located on the axis of the circle and rotate

158 rev. pez" Be&. - o S

A low=ioss da\eleétric water-sealing cover plate is planned for the scanner hoens.
The outer surface of this cover is to be machined with 44 horizontal water-matching
grooves, «each one-duarter wavelength deep and coveFing 50 percent of the total aperiure
ofeichhorn, Such asurfacehasbeenfound tominimize reflecticnfrom sea water whichcomes

in contaet with tie cover piate and thereby . minimizes the tendency for the wavegu.de
conmonent.; to Sﬁi‘k over vz‘ien the antenn.,, i hit by 2 water wave or 1§ subimerged. -

- Wh.at'happgp,e_(_i, :to- your impedance whe the ante"mau comes out:of iiig
' pmv’de a@. mtch in the~ wa.ter ?

i o T CoNBibENTIAL
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ILn S-baiid org'“\-nipe s@er is tmder develonment for 1usSe as 3 rapid s;.annirg B ;mary
source for an asymmstrical paraboloidal reflecior. The scanner configuration, shown in
Figure 1, consists of 20 waveguidé chanfels of equal electrical lengths diverging from a

feed cii\cle. The feed horn, which illuminates ?;_—, ghannels, 13 uengned to s¢an at 2 17- cycle-

pér«second rate, The scan angle is pliig and us f ive beamwidths a.t an £/D ratio of 0.75.

I

m»

Primary patterns of the- orga._ pipeare inustrated in Figure 2 The impedance locus

during tue_écar.nins &ycle is shown in Figure 3, Maximum pulling rata is annroximatel"

OUI‘FU"I" . e
FEED I"ORN’ )

.

-.- g._
: ;(‘or

» Primary féed paiferns
an-pipe scanner)

!
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- e
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4 ORGAN-PIPE SCANNER DEVELOPMENT  CONFIRENTIAL ﬁ%
490 M»/ v for a ma..metron pullinq figure of 12 Mc/ sec. This will be reduced by a factor
oi tb.ree by the long-line eﬁent in the 50-foot feed 1ine to the transmitter.

High-power performance appears to be’ very promising Test.. made on an X-band
‘ émn -} kd*cate:’. satisfactory Mvat sn 3t powers up 16-400 kw 001 dutv factor w‘cthc“t
ig T = R

£ oper:
_ Dres e S -
. < T T T WAVE LENGTHS TOWARD : e e
GENERATOR, " T . o S - ) =
e —
t - ub , R
E 20
) e ' e VL Y\ ' - . . mE
T ; L= _-“\ - b SR _ B |
- mreomcz “ ~ Lo ) i
23 .-0 i
. S T S B
, _ ) R
e L —— ey e R
} - i;g
5
X
1
:
— SR 0 s i - ]
= 5 - : Figure 3 - Impedanc:e varial G‘l #ith scan S TeT
e = o (crgan-p1pe scanner} o =
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FTIREER

The scanning dnit to be désc:. ibed is part of an ‘$-band radar syster'n-.',ef grpsent under 'Q
development, known as Postal The unit consists of five seéparate and identical scinners in F
close promimity. ¥ will'be used in the focal zZone of a fourteen-footsdiaimeter iens of unity ‘

‘ f-nuvnbei % nmourting which ca.rv'les the lens and sc anning umt Will be rotated continuously
e in Az muth - SRS S S

2332333 5 e T s I T T

|

|

|

|
A ‘This lecture was
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|

|

|

|

|

|
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' SCANNER DEVELOPMENT ' o

Each scanner 1s essentially a device which simulates a hoin feéd moving along a
Haear path of ahouf 18 in.ina sawtooth manner at abom 20 cycles Dpér second; it must
also e ca‘aa:f or _haadiing: the requxrea powar. 2 long *.me that the
-2re not so much in the gene”al design of a rapid-scanning feed; but in

it ne aevempment of such a feed subject {0 the pa; tic 1ar restm.tions 1mposed by the
amar‘r\uw“pnaip] ” T -

L. ~ £
iv u.a.a uccu. u-ca? icr a

c}'.ﬂ

There are- two ;eatures Wthh impose severe‘hmitations on the aesign.

.-.., Because I_ive Seanners aré used the 'beam swinn' required from aach

tha

wAA%

ma..imum

i~ —n’
IU"

annevs are s*a....ed d.agonally,

in tuc d_tr _ction perpendicu iepaada A,

P - —_

the 1949 U. N E Le Antenrm Ccnfe énce.

: _'d-space is reduced by using
" % fond

rptatfng— *oint The _ayout cf my improved later, mainly by ’( ne
~adoption: of cyhndtrical mmmutating plate instead of a ‘plane-one; thiz engbled the axia
" length of the systein to be ¢onsiderably rediced. The restricted spaee inside the *’eed

_-cxrcle Stilly B‘séd'éon'side}“able problems, ‘however, and efiort w28 transfer red.to a.more

t
; .
f :
. .
e S - T
e T TTEY ) - 50 e .
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| . SCANNERS AT 4. S. R. E. o‘\‘v:DvN"‘mL - =
) - T 5 =5 : . iz
| tincipieof present ns- HEF - : ¥
| . e
f "‘iguxe 1 will help to emiai. the baﬂit: mechanism-of the present scanne;,, which con- ~§
i . sists of a:t{xed waveguide feed and.a fixed “stator” similax to the organ-c Ipe, between <§
Y se. of mr.';‘eg*tiiii s; aftérwards call alled thé “rotor.” The rotor: ccnsists -
J Sz : g2 is guhtends an angle of, 53y, 6 atihe %
! -’ota.tion. ‘Theé mouths of the horns‘ OWEVET,. each subtend an angie of [n/lh + 1 '8, whnré ) 3
| . nisthe numbnx' of stator wa‘veguides* enibraced by a horn mouth. I the rotor tarns through. |
! an angle § beiween pulses, it will be found that as eaeh pulse istransmitted, a horn is 3
augned with the feed.and iliuminates.a grop <f n. waveguiues in the stator; the sicécéssive 2
| groups for successive pulses are s?epped along the gtator by one waveguide per pulse. P4
In order to-avoid -serious reception logsss each horh céntains n waveguides, which on :
! . - — trabsmission are, of cou aligned with the iltuminated group of wavegueides in the stator. )
} " The ..ead-space is eiiactlvelv ohe pulse
! interval, since altholgh the iast puise is {rans- :
; mitted correctly, reception of reflected signals
L . from itis prot,rossively inhibited. as the tar-
- s O etﬂrmge "1”*"..5\..... o Ut
! 1-- - . Even in thig somewhat svmbolicmform the 3
} design appears to have several attractive D
: ieatures. . - N
, 1. The layout is essentially planar, lead-
( ing to a “pancake” form Very suitable
{ for stackir  scanners in Postal -
| 2. Thereis only oné moving component - 3
; C. Tand most of the constrictions euls - E:
i-—-— . ties.are also ﬂ this_ dme €O ’ponent. .- . A
3. The dead— pace ’mited w one pulse §
= E>

I < - e
S P

rgcr»bié-' ;

?gen develope
‘,__m wi“”'iaf rulses & Aansmitted per cycle. ’rhe

nilges. per. cycle. Since the inner cixmumfﬂr- =
Gmaber sof p\_xlse'zf “er . ’

- isrééent valuesifor P r 5

EHEETE tor is' determi‘red, not by the.length of s¢an, But by the:

a .ummm-Mn feed. .an 4% nter aced” rotor.' S empleve“'
¢

S WOV T s e

[' ’ mngurez' > by half thei . 1
| 4 50 - use\i as«zhuif of the next 'I‘hus the inner dizmnter of rotor is appro mately - 4
ha;ved ans‘ the: number of vaies. ;n the rotor: is alse halved, T S5 howe‘.'eat 'an additional o

palse i dea.d' Space; 885l ke scen from Figure 3 There is7no-additt ional e !

- dits-the transmitter durmg tn_s pulse, . ) ;‘i

~ . :..g

/
)

4.—__ 0_ SHCH _-;.—;l';— ‘:'-, . - o T-— ‘_ T - ,;.: e _]
T N o SECURITY INFORMATION ~

- —wm';-;:- . ¢ § 3
= X R VI | S IUUREES S A R ST e 5 IS
el Ee - R AININE 4 L i}
5 LR Y g o SN R ==k ;
O ST O AV p A i RS
Fro 1A Y e e ) b W e L 5

Y

i " % 5, MmO ok

V,:-,-Q,, w.nu‘, i

iz b S




the impeaance of individual curved wave~
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t wasdecided to increagethéouter. = —_—
t_he_rotor considerabm It s -

CAIBEI ATV ﬁcu: L4 -:a.-.m‘;“ - -
ges inthé rotor circum erence. Al-

2ie number of 'wa;l
the rotat:cn speed 1s h..hmd

Figuré 2 - Principle of interlaced rotor
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the xnath -'!ength cor*ectmn and. pres‘ ; i
1 the limited H-pl..ne dimen ion of the output

""‘9

: ‘Pc-eer«Hundmz '*ap oty = e i g anl
: It ;s impossible ,L0’px ovide propex chokes at the rotog éaps; since i = T: —
- TEe
E .
Ig found tha"f' & lindrical pi dwes of the walls mcreased the power- T -
: ‘handling capacity very- crnsmerab 1y.. ane and - w‘th 3/32 ir. diameter pillars*anu-a-vap*or*r/ i6in.
i the breakdown: power was sligh AN ahove 1.3 Mw at atinospheric pressure “Thus; aé"suming T
1 no. seriaus 1;;-.-, aotiony GECUr Beyond the gaps; it i thought that with the design nressure "
od. in. fa a“_,e._s_s over atmospheric piessure, the deviée shouldbe eason’zi’d}y‘ o
e Jvrq..king power cf 2 Mw, alth:gxg}jx- tie safety factor is =n9t~;_1‘_s .-hig? asis qigjsiga}j‘ &

b
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W“y‘?w-rm
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. N Seo o 'u'ﬂ";ri'tb\'rtm_'i;;i‘rioﬂ's :
"‘heb"ﬂ" kdown power was not signif= - - :
' ;camly different whenthe waveguide I L

zsmere 4—'1__1]_ - vaizalioned, or when
w ? =2 or waen

aank
*
1
i
-

#h
2.

feeo.

Bndh
[N
[N

N
‘N
T

, although the ‘
TP ’1&?’5 ised at the
o . ouier vap in 1he é Fi@ental model
weré matchedby tra.nsver pmars,
forming Tlips 0. 955 in, o_eep arcund
~ thé outetr rims of thee rotor side-
plates 3/32 in, pillaFs are now pro- _
: Dosed for all gaps. Measurément of _
. ) . theimpcdance of gaps and pillays = - S ‘ o e
“presented some difficuity, since not {b) Model of feed-rotor and 5 otm_ statore—
o only -must the tést waveguide-be = =T ikick walls .
S _ flanked with.other weveguides toob- . oos ot T

FEED —

" $hn nnmnant wadintian fmnadana e
m-lll LIIT- UYL v\r‘- & ﬂ-\llx‘-AUll Lluycua.u\'c -

through the gap, butinesé waveguides Figure 5 {a and b) - Test rig for breakdown
*_inust be fed with the same power as B measureinents

. tnetestwavegmoe, _ T - T

An glternative method described zater, of manufacturing the rotor would use tmck
walle; as shown in Figure 5{&). A model using £.080 in. walls did not breakdown untii the

----- =3

power reaciied 1.5 Mw, éven though the Waveg""‘es we€Tre narrower.

“by he p ) 0 :
"ets Ox pomts must be faired or “stream’:!.ned‘ to proauce ‘16 u.oothest r‘urveﬁ
nonstrictlonc or extreme éurvature; bit oncé this It o

,,,,, haS been done tnere 1"‘ .u.l-u.c:
adjustmen 3 that cam_be done. , ;t hasbez: % urd from meaau zements on

, . [ (5 T cleaae- however, from isoiated measurements that aome i thé . _ E
- may nieed matching '_d this will have to be dorie by mse:‘ting w.:dts into tite .an ow szaes. .

= - Attempts at ma.whmg.
' L satisfactor ) The méth od ef insertion of t}‘e pas*s
e L °thod5w -manufactux.en ;,_A__ S 5

1 Eid = - ce A c‘ B N - - .

* L obtalnem 'Y‘hey were then d“awn ou‘t tenuumes fuil sizo and
. .. smoothed out. Coordindtes of these cirves weré fed into
- - cof the e*g"a"ixm tnmplo*ns, 9"" furt‘ner ms‘dum irreeu 2,

ji‘g boi ér- for manufac“ure
.i‘es r a then showm up.  The
i the m%c*or temp‘ates

- -
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Si..to*r Path ngﬂx Correchon and Pressure Sealing L L
The ¢ merenec m exectz‘ié:?:. I6Rgth Between the 1ol b wid ShoTtest staror guicie is )
,,'only abom ong third of a wavelength with the duplex rotof, and the maximum varia-

o in engm across:an e1ght—gm‘ie group is only one guar te'* v'avo!exxgth “The Suxall ’
Han wof‘|:imnd chonld thus ha able to b» }

SSeilsweats. TR AN

width:by the use 6f dielectric: ‘blocks (e. g.,of polythe.‘ k
more to correct the squint of the scanner beam than te imng

le)
on

ibn‘sﬁ—‘l"‘atib'n is b‘e'_ng given o i:'rie «xse cf* igr

T iengths of expandéed dielsctric rather
ppears to. be 1ess;, and ’the bam‘lwidth

o‘f,‘-ﬂzedmpcdance'-:transformation sho.m ‘be much pigh . It is siot yet known; however;

Whefffer the eleci‘.ri._i eonstants of the material can be made suffx ien*ly c'.n.:xs.ent

'
i

il

!
i

) It is boped tha‘: the correcting blocks. miy be used dlso as the pre ssure 'seél at the _
thioat of e final outpui flare. (A dielectric window a ol ic undesir=

..... ;
able because it introduces anothet gap which cannot c‘xoked ) it may be po asible to
Brow a soft metal gasket-on to the mei2llizéd s""faces of the d-electric blocks; if this fails,
__ phinple metallized blocks may be-used, Since the mechanical impedanre presented o the
hioh-nrpq ira 4iF will pfoba‘dlv be o high that the leakage Wwili b€ smail, mAOuxt:x yuSu-u;l“
PN Ao

high-pr ) ill
3 ,mal‘-_iple gagkst mazde of o ppen -mated P.V.C. rous.

~
A

" Liraited Dimension of Output Flare

, The H-plane dimension of the final ﬂared scanner mouth is lmited by ilie stacking
of the scanners and is not sufficient for the most desirable illumination napex on the lens.
Narrowing &£ the beam from the limited aperture by the ise of transverse ins (after Pdo

at M,LT.).or by using a box-horn is therefore being considered in spitn~nf the higher side=
== ~ lobe energy charavteristi*: a‘-:«ch devices._ :

X AX1- ¥ ALY

troduces a

" B

5 "_The brass vanes‘ are puhed through, the: slots and soiderefi into place, t'1e pina
5 . ,mmenpd into_.DOSﬁiOu- maintaininrg the. free edges & the ‘vanes reasor-.:zbly nlane. )

|w‘|
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- Iﬂlﬁroduc_ti_m,' any matching posts in the i'otor waveguides would be insarted in holes
jig-driiled into the side platés bziore assembly. Difficulty arises, however, in the exper-

imental determination of the positions ard dimensions of such posts, since the side plates
mustbe drilled from the outgide where ,b___,___._,

o drilled her is ne really dccurate indication of the posi- !
tion of the vanw. -
}
B
5

g
4
1

S oo e darrt 1 =t

h;slpdfothede

!
|
|
- ,.,i..,J e

uign of an \expe_ ime’x

"é- tn.a. 'a;quadrant of the i mu ci"_, cle
ATe two“ ee?.{“f tﬁa’.t )

There a

can e ahgu £ > A8
Tke oto; can '.zlso b° indoxed at mtervals 01 half a wavezuiae. Th.xs the 1mpeéa.nce of

"w"‘s

—it
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) _qu,e 7 E\ enmw*zta; model o
séannér with matched loads .
mounted: and statcr on bench

!
FPPRVE | N O

b
b
t
{
]
:
R RTS

5.

e diow Al . ur

Figute 8 @ xperimental model
scanhé® with, :faion-maénnted and
T atehred ioads inforeground

x‘

-_ and it is ho;.nd thata T . .8
'mmom;hs. After hefirst _ - :
ching .

a.ntuy ox_imy:,ma.j

3 od R ,‘(

o 6 fssary ’~tQ :ggf_ejb a+ leas* half, fhe rofor &vanes. o 4

T AR =T ] s "], B S B A e S ’ ' S - f

- = ’ inpiel ;:;_:: p;fi)gi'é'nme nab Deen fuily eugmeerea nulu s

B the Tigt 3, - %

- s v

; “.e ‘whole umt is ccntamed . ‘

wz a pressure t;ght hght—alloy Split cabting, '["h-: x‘c*or is held in two. llght-a fioy .:.plders and .

- - 2-m. ball races, __A;_sketf'h ofthe f:.'u'e.-Sﬂa'mer assembly is shown inFigurell, -

= 3 i : ,7"_“ s - . e E

o rominent part tak\.n 1'1 me development of thlS‘ - y ,,

s pnent anri Desxgn) and R. A Ballar‘a‘ (Exp 2T 3

| ' ‘ JER ’ sn,cum v.__nIEORl_\JLA.TfQN =
e L L rh:—ﬂ-«:s'!l'ﬁm*.m‘ ey AT ot o g o M Toly’

— *:"F&Ff“ﬂ’:gd‘mxoma T A giA big.ﬁf 8 =
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: = Rgshe - clar ongpulsewast
' {GAFB), ' e*u"*sé‘ or the
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' e u\puShips, .. “ R L RV S A o
. - - Bristow: This- is\a rada.r for app;ggsa; -of the .g.ir ,situat;on_ It’iy sunooseu»to giv_e,’-',ertic ;( o ’
i _ . goverageup to 22- -1/2 degrees andan a.,'zimuth scan ~ate of: aoout 5 tfpn_. S T

un.at ig the wave 1ength of thls qutem
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“Ring Scann@r” is a name which has beefi arbitrar’ily chosen for the. partxcmar type
of miiltipie~channel, waveguide ring switch with whick we are ¢oncerned., This dzvice was
o de'"luped as 2 solition to the problem of olitainisg a rani:% epemive feed<hern motion

o a.long an arc of a circlea

. . .;.ne most 1mportant element in a waveguide bng switch is the mechanism used to
\ ] canner; this mechanism ¢6a-
: use. of ninsjn wavegu’lde bends first came
: Figure 1 Shows a drawing of
. the pm-nena apparams uséd ny breesz. 1t 1s re;proqucea zrom “his NRL Report 2 798, This
; ~particular deyice is a special type of rotary joint and conta,ins two pin bends. Sach bend
| ) " consists of a set of five straight pins or “fingers which afc set scas to simulate a right-
!
t
i
!

"
|

ke -

Ry o v e g ok~

2y

angle E-plane wivegtide Bend. The Simple sk@tch to the *ight in Figure i shows a side

view of the pin bends as they are about {0 pass k4 Jsugh one another. It will be noted that
there is no choke arrangement at the fres ends of the pins, thie omigeion haine Auns 4s the
particular 4pplication with which Breetz was coiicerned ;.‘ VSWR of about 1... over a 10-
it was found thai they éarried about ‘ j

it

percent band was obtained with these n.n bends. and
9% Ew of: oower ALX b
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The s’ mnlir-ifv of the: nip_-uexix_": ';deal WwAaS very. annealine. of Lourse, and 1t was subgsa-
‘qaently decsded ‘o develcp 2 pin bend suitabie for certain suam:ing aspiications: Figure 2
'ﬂnnws a nmtog“aph of the xinal rnodél arrived at. Essertiady, it consisige of an ordinary

;. righi-angle, H-plane bénd in which a portion of the solid side wall has been
?Equed “I}'-u F anr! n‘arura -dna "'I‘hia nhr\.ra_ﬁ’."n "‘Iaﬁd was- 03‘:11? Q}!.Eht}.v

ior t0.a- golid-wall vena m uum‘* of VSWR Its Suécess may be attrihated o two 1 fag= T 3
tors: First, when the pins are arranged in.an H-plane bend in this manner they are parallel ‘ I
,to the guide=wall current paths and here;o :e do not interrupt those currents to any apore- B C%

‘ciable éxtent (that is. not the edse in an Z<plane pin bend); second, the quarter -wavelength i
‘fcmne-»a*’” gn.the free ends of the pins aids in approacnmg the s‘mrt-circuit imnedance ’

\vﬂiCh *s desired at those points. ' S B S

[ 1, [

oy “,Having obtaineda,successjal pin-bend design, ‘ 0. apply it dn 2% = oA
Euid h‘_"'!t\aha":.:a -gll_i’ve_ Band & : gu iy 3 - : T o
,tructed ut izing the B "‘ane-cno‘.—:e pin 3 bend, Itis: composed of twe similar parts whic :*'—'f - o
: Eacn part ;o ms ‘ha" of tne comman waveguid° ’sac cn ' g

simpl schemat*_c top view of tho switch illuqtrating ’itsf operati ‘ '
5 ‘h:s ?2,"'”"“1?" anrﬂ'nh ig nv'oenn!’qd in m'anh ‘1 'form in Fizureq 5 and 7 It will De uut"d
‘ i than 1 over an o

€

s
inin h’i‘ﬁ .which,a W‘avég“uid rarch can be switchw fro
B inches, using standard 1 x 1/2=~ihch X~band w vegude. This di.,.a _
“deau-time s;‘:ac&”-asﬁociatnd With the switch, e I

:

= Te st its ‘power handl*ng capac 'fy, the switch was inserted petween a 4J 02 m:zgnetron o
) ‘onserv(-d for any poaition of ‘,tpg A
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e icl' "omeg,. up..-in Eiesxgmng a two-piece wa_vgg"‘.de section

' ':ng‘iiudi: i choke. Ordinarily, hali-wavelength choke grooves are: nga gq

tact that they act iike another waveguide ot diffe ent Waveé c:xﬁ__‘

H corvsequemw they cause changes in thg Aormal phase and nmpu-
8y Ha distance- of more thansa fe-;: wa.*;:a‘eng‘ms is

t 1 re may beA appreoiable reﬁectic-n of energy if f‘* &

energy ogt me en EY Ona

of e 4d.zc1ng or gnm 1ating lﬂebe enet‘ts is to, nse a serrdted choke which disccu‘rages longi-
3y of_ene:rg}. Such a chok was used on the swiich under discussion and
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: Auart ter-wav“Ie gth pi.ns—' It e ennctzvely bréeaks up lone:itudmal choke px opagadon and vet ~
) pz'cv‘dﬂs .gocd choke 1. However, it has the ¢ disadvantage of n?gner attenuation losses
s thanthe ordinaxy choke groove. An X-band waveguzde chanrnel 18 inches in 1ength was
i ‘constructed, utilizing this type-of pin choke, and it was foand to &ave_a_n attenuation of 0.2
sels: per mot a‘t 8375 megacycles°

o o

f e '!‘he sat sfactory o;iéi'ﬁtion of the fo; egoinz sfraxght se»tlon pin. ertcn led to the desxgn
P, T of a complete Ring Seanner, shown in Figure 8 with the top cover removed. It has a diam-
! eter of about 20 inches and was designed to fedd four orga in-pipé levels in a two-dimensional
f - “TY7type scanndr, F ;5\118 9 shows schematic views of this particulat ring scanner, Heré

}
I

you can clea,rly 'sée thé input, the comrion ‘Waveguide Section or “feed trough, ? the four out-.
put branches on thé wheel, and the ltimbing down to the appropridte dutput feed horns, The .
active scan angle (a ngle durm:r which the output feed horn receives energy) is 82 degrees,

e

and thn switchmg dead=-time angle is 8 dcgrees.
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: _ ) iuustrates a s*ngle ﬁg ednner univ feeding *we ICA svetems noi ated i in 2 “°re‘n‘i direc- >
) ’ tions. Tnis is p0351 Die _aecause of the fact that the Ring Scanner isa. mult;pie—‘.nannﬁl N

ewltchmg de\m'e and,. the'refe*‘e. ean have several inpits and associated outputs. Each

J © System would be 1ndepende ot of the others apd if desired, could operate at a different
i L oTTTCirgquenty. . v . i e T B
,” ST o i e ) e ) N ' T

g n_measro-

T RS

| D v& optical: system “Such as &} :
- ’source sca.nners, Lunebe,;:,, iens_ SALAer,

©  © . would'be mounted with respact to the Schmide x.__g?- :ca
T eight xeea horns, it vould hava 16 votate at a. sneea of only 22
' Eedn repetﬁion rate of 30 cps. W*gure 13 is a photograph
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The last application to be discussed i kmowh a3 the Consentyis: Girele Scansiet. Figure

i3is a a*:amng ox a proposed K-band: Concentrls. ‘Circle Scaniier. The héart of the device
is a Ring Scannef, of course, and in this dravrirw ¥ou can see the input waveguxde feéd and
five output branches which go. to five feed horns 10cated at Gifferent radil. ¥ the inputwere
to be. hekx siationarv and um 5 ap.zi\_;pg.»hgg" o 'heel 0 ed esch horn would be fed over the
SamE. aﬁg“ie, and 2 pie ecior: wouIcLbe s:,anneu" E: 'noweverg El‘le :r:;sut m a=w

*otai;em in the samc directi on as_the Sear

i

7]

P | RO

coulc pzck out any oi the n/%boms and sz.&r- it ccnxtmuously. Then aaain, by rotating Lhe
input at exactly 4/5 the <'pecd of the scanning wheel each horn ~vi11 be fed for one complete
revo'ution of the sca—mmg wheel thug giving 1lid-

<izcles (ihus the nafae). These $¢an ¢irél complete except for smtchmg dead=iime
spots. However, the switching dead-iime spots can ‘be made to preceas by Fotating the
input.a little faster than exactly 4/‘* the speed of the scarming ‘wheel. In fact, by selecting
_the praoper speed ratio of the two. wheéls, the dead-time spots can be mude to vanich alte-

.gether, Ot course, thi ..éloesnit mdke ihe switchmg deaa-time vamsh 1; merely causes it
“to eecur detween complete scan cizeles, .

o ) L ~ ) - ' = Horn Rodii
wovquide TFeed ~ = T L : = 1% =
s £ _fevring. remni = [ ) 2 )
. i 3 = - 3 5%1
trosvor- cougier 3-2h :
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c 50 NN & — B ,\c’i:g;;.“‘m
. -  Dueto the jact that ‘the ivput to ;he ing scanner is rotating, if; become neces:,a'“ to ... &
.mploy a rotary joint nere. 1:hiq parﬁcular prcposal the Sperry Gyroscope Company ’ 2

_ N " v 3 X - ]

7 fcr thﬁs soann.‘. :_lqd ver, fecus over a 1”"11 360”a(=gre_ S pf” ro*a ion i‘,_‘__ - T __;_5*’ jl
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. You will cte that\ :he center hcrn ign ,‘ fed bv the ring scmner hkc, the. other ve,

s fed upport r‘n,, shait for the. scanning wheel; also; it is cir-
i _an'*lv polarized like the other horns. The _reasorg _f_o_g thia o
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' scanning WhE& was to rotate at 1800 f‘pm, thus g iving 4 tracking mgr.al of 30 ¢ps ;nd a '-

j -solid-angle, iook-ihrough, Search Scan with a vepetition rate of about 5. 5 times per Second.

-  Figure 18 “hOW“ ain arust's skeétchcf a {,oncenh ic Circle Scapner. = :
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S MARK 2540D.6 SCANNER - e

M. ‘B‘xif‘i‘_in'g“ham -
Reeves Instrument Corporation e

"1 . ) 7 o

We, at Ree?es .r.strument Corpv’*a"io--, have ‘béen workmg on an automatic tracking and.
missile fliglit control radar. : : : - ;

The Marr 25 Mo& 6 Sca.nner was developed because the specifi
system Lsing a7 i/zufoot lens, a system which would be able to a-:quire
wrget and to guidf- 4'beam riding missile. This scannér is matched to a
bétter over a Sao-meaa-ye.,_" bandmd*n and has a logs of less than 1 db
w4veg.nue componentis; inciuding the o-uig‘l-bpeed Tolary joiiits; aré capai

pressures above 30 lbs/ sd-in., althom'h the operating pressure is set at 1

"ig-ure ighowsas 15. wewoffhe scanner whichhasanover-all length of 28 inches and. a
maxgimum dl..mct of 20 inches. To praﬂuce the desired scanning;a de motor, under the
control of an amplidme sps»ed !-egx.lat ng sysiem, drives a horn-type radiator through a
gearing system. The horn moves in such a manner that the radar beam, after pasg;ﬁb
: : through the lens, wiil move in Pither a spiral pattern fof target aCQUISitTOD or a conicai

pattern for target tracking and miss* ie guidafice, . . -

I B ~ '“C@N-.ID}:.NTIAL
o T el - “"SECURITY mFORMA'I‘ 0 S
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20k is a rear view of 'Lh\. scanner with the rear cover removed. The rotary joint :
i‘s one’of -thr.eie-nex, essary-to bring energy £ from the stationary wavemude sun to the horn. :
K] —_— == -'.. {-

T “ﬁ'iine AR At «Snnn O3 1nc‘anr°nmli§ fwasin :zu'nn e & 2,
A T 8 "sr.ug. 2 A7 AAADTITSATARSAT V=) cwARAZS LaC VY RViLaa

po.aition of the horn in scan is deri¥ad from the output of the three two-pnase 30-cycle
reference generators. The smenoid operases the clutch which (,ontro:s the type of
sca.ming—conical er opxral .
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y T-bead to rotate apout

s 2 e
ca-sm.;_r,f .\.h ing of

Tne anction: :05__,5» f!thvl)_ in 7‘ gm-e 6 is to ca.use the secondar
hot [n rnta,te anou.t i:s m:. J:E’ :’:‘au.t £

14 ki £ ) 50
itz-axis for -sp;;ai -scanning o

scans may be had by mmwing into the sys§tém, by means of the clutch which is snlmed to
the foliower; éither the spiral or the conical driver. Note that the conicak ariverd 1m“)p€€3

-with a single tanene_d x:gceu.., ﬁi\it;t_ig;g *onical clut(‘h ‘half eqaif;ped with a. smgae tap srizd: .
1 con*cal sqanr-_ug. :

teieitiy io pe.rmlt'pr ucte ulun:u -:.xe:;-—-:‘aw 3 w?.)..- . )
= ?‘%ecause inereis relaave 8B ad bew:@..n the two di‘i.
b 2en the two halves o ﬁ"e clu*ch to zaka 4ip the midal shock whc—n nhitine' rz*om ono

*tian t;,' FHyog mer—. - o
‘ ,s a -ypical htgh-»peed« ressurized rOtary Jomt emplﬁye—- as thé rear coni=
t ‘E‘vo;e the. size of the ‘rotary ]oint by compar -’xg 1t with its standapd K-

i

L*,'J"

- e D*‘ﬁﬂﬂ-irivatinn is achieved with the help of a lapped, nitrited nitralicy s & Eh
rotates a,gainst a .ow-coefiir'ient-ox-friction carbon graphite (graphitar) sur awl The
.1tra..10y surfaﬁe is ;ocked W }ali’ Gt R Ctam sy ;'--1-.; and the graphitar surface is kéyed to *%
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-  Dumbas:
- .(,s_m}--- i

¢ Reeves,

Dunhai:

= e S < = e

nur‘mznan:’ ’

: 1'se¢ no.reason why
. -attem ted thiS“

Buriingham:

§URLuq¢HAM

'§I§Cﬁ8.s.io_1§i

What qgeed *s uscd mth the
‘!6@9 rpm? o

:

Woizl"d—ydug bear-._i'ng"s take

""i" mgnest*sp’e‘e‘a ha‘s“bséh 1944 rpm.

iney cbigi_d~ not be

‘high

a higher peed?

~speed rotaxy joints?

Totated faster, although we have not

iS it possible to get

Could tne.ae Joim: noldg the pressure that might bé fequired in an aircraft

system‘? T -

Yo think that with the addition of an. air vottle th..* we might 16 able

this joint ?

Tes, Tbelieve you may be

‘able i& d'

‘that,

7 There isa certau. amclmt of leakage. “We replenish the air at all time

-to use

. ~ o
= —

T
?";;a .y o
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CASSEGRAIN SYS ?EM ;ws‘i’hi DIAMETRIC SCANNING

S 8 oS B o B T

. Hgﬂ Bibbs e .
Naval Reseax‘ch Lﬁbﬁ'*‘a\.O“‘V ’

“Since the idea for a diamstric Scanning amenna was a product of our last séanniug
. 0 Ot our 2 : 2

Sympd §1n.; this:seenis 1ike a gesd t;me {o talk about it,

The possibility of scanning an lobj_ective across iis. x.smer,er, while at the same tithe
have the dian:etar rotats about the axis of the objective, was first suggested to us by Mr.
Sinall who until a féw weeks ago was asso"iatea with the Antenna Research Branch of NRis,
Buat is‘ nd;‘?; with _NE.L in California. : i )

v

have pz;ssﬂnhties as a tr: ﬂk=thr ugh

It waa decided that an antsnia of this type _mig it
me t I have, to describe some ¢ of the work done

scan radar. I will attempt, in the short ti ne that

av.e

10 @ date on this system.

<

“The organ-pzm feed system shuw'x in "is:arn was desmned artd constrl.cted to sa isfy
ihe requirements for diametric scanning, A symmetr‘1 1 deqign was used so that the feed
system could be rotated aboui an axis which is perpendicular to the sereen. Mr. Bartelt
of the Bureau of Ordn 1ance suggested that we use a wavelength of 1.8 em. The feed circle
iz at the rear and in the center of this structure; this enables us to rotate the feed horn

ana organ-piptv feed about the same axis.
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The microwave energy is transmitted from a votating i fe gd‘hgzg i 'ljee‘l cu‘cle . ;
through the waveguide channeis and out the aperiure wmch is. across { zhe ]
Waveguide channels are looped over to form tromboiie st ttiong thus n mg each path )
lehgth equal. Thé feed horn scans completel:, acrés: the aperturs nﬁd then returns fo the )
SJJ’CinF point. Three of these ¢hannels are fed at one i1me to pm gemwidth ’
of £ g ;".eg:ee~. The .“’“’ hw i :.'.:.:, aa‘.de:: tc 5::;: th ; it ’ :
o
grain§ uystem. X our fix ]
'The organ-pipe feed was plac&! at c‘ié reat, a.ud the .bo.. born was insertpd tkrong!: 2 slot in )
‘the cen:er.. - ".__ ) PR ) S - - 4
e ’ : ' ’ ' i _— o i
signed tnat 1f plaeed af a pomt whlch wou uid propeny 7
it would produce a Yirtual sScupceé 2 t the u:)cus of the major
pw\mevn nere 1.5 ihe f.ﬁggking cat.sed h" the hyperbolic -
ametric Scan.mr and Ca segrain System as you 4
1 ta on this ‘model.. The ‘organ-pip o
5 T‘
boloid- is supported by_'Fi _
Riﬂ'm-.:.ni- nnmn{naﬂnne nf vnfafimna-‘ e
We have thi< model rigg _th hghts to demonstrate t‘ue di erent scan pos51bilitic=s,
' c,:zé.fﬁ w111"be?3?7’ éiﬁibif‘.n Bui_, T ) ST LT ,_ : T
ks to gzw acknovsledg af "Ifi Kelleher f ]
- S - _". B "-__:_‘

o
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8 o ‘CASSEGRAIN SYSTEM VITH DIAMETRIC SCANNING €O NFDENTIAL.

| _

|

B

} thure 3 Antetma, pa‘tern - D:@metr_tc Scanner amd ) |
‘L' - N o - vaaces"-:‘an S‘,’,..“.::'i E R N B . E

R Nt e s qz&;«?
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TR

- - f'cnrmwr TAL ' HIBBS : ~ 1
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L ‘Themas: I would Iike to ask Mr. Bibb
1N (Gi. dartin} T '}
S R 17 ':"M"i—'.,“‘-:;é:'gf"_ﬁi_fé_lf}éﬁi?‘?fﬁ‘é isa . o
- SwRn) T 0 =
| " . a e - B
E 5 Thoma Boes that produce high Tobes? . - )

i - Hibbs: In the nmma"" pat;em thie lo s afe 10 to i2 d_b__; .th'e.ée_ggnﬂa;y pattern.
, P ;ehownontm-snaehadmdb lobes, S T et

Did _your phatograph show- tbe hyperboloid mounted in front of the reflector ?
"ITwas wonde‘ring if tne waveguxdes feeding it wonld not piii energy past *ts
edges . _ , _ - DR

i
¢
H
i
4
]

i
TS

5

n

We have to work out nveper phase to tilt the beam from the endé_.ef the
organ pipe toward tne hyperboloid. N

S;E"ézigéé:‘ 1srésume that !_: you makhe the hype:ﬁoleid lar g, er y6u =il have more.
| ) T .7 . trouble with apertu é bloc"ing. ) CE B o= T
| = . = z
‘ Hibbs: We do have a larger hypevboloid but have not had the opportunity to
B evaiuate it.
i Rowliand: Would it be possible for you £0 make thé hyperboioid in the form of a grat-
|

(Pick,&Burna) ing and then rotate rhe polar zation between the hyperboloid and the dish
: "0 that the refiécted rays would not be affected by the hyperboloid ?

Kex\leher: o
(NRLY

The scafz sweep« _fv'rov:i ;.cft te right an returns f ! m ngnt to

2

— T
& i
'

RS N &5
| S
]
il‘ o -
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g
i iwmw Gl 2R it S s e DS Ll e i R T a e e ekin e A e A vt B AIEE Pl bt o A . . e P
5 3 T oM ERE T M el »'wfs.wm.“r,&,
;‘k";« § e Mp@».&(’ :y\w‘nd S
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-~ E



Bell _Teieﬁaone,&abo#atoriés, T‘Jhaps‘ﬁay Laboratory, Whippany, New Jersey

| S T = - — S
~ i . g "

‘ Rany rada "r systemus have had 1 "c T3 ge performance pcrtiéns.‘of their scanned
] ficlds bec‘ use of excessive scanning losses. The process of scann ing. involves time factors
! that eifect the range performance of the associated radar becausé of the presénce of
N _integration.or memory in the system. The parameters with which we are concerned are
Scannliy ireguency or frame ti e, antunn.-. beam angie and pulse repetition f*cquevxcy
When other requirements periit sufficient iatitude, these characteristics must be Juggl

tc. obtiin the best range performance in a.ll po"‘c‘ons ef the scanncd fteld.

[

]
bl

gy euic; radar xamze and "‘luate scannins loss, itis uccess"t‘g 16 know the time

ihi G:—c,u which integ:rat cceurs. This {imée has been assumed to-be a econstant for the T
| usual cathodé-ray tube ard human obser ;ez ; Howeven, when we cempare the. scanning loss h
f measurements for a number of radar ‘systems with caiculations based on 2 gix- to ]
' pighi-second integraiion iime and the squaie-root integration law, we find disagreemett,

The square-root relation can be stated as follows: g
| o - K (1) o - '
! - = - - _ i
- © - where - - - —- - ~ - = - = - =
o e SRS s el T = . geeoe O 1_ = sz e oS - |

L S is th e ;;--} «'imum ﬂafzmhanin rapai‘yn!‘ r)ower, i = T ;..

T T e T e e = = - . T S S g

. : Loy = nS 4 '1,. "is the totaz Betiise) »_bé ofspdang _".'a beamwidth duf/'ing the: T %
R Lo S integ*«.tion ti Co T ) -8

egi? hav‘ing only noise prés
4 in egxation time:

o

Thé results mdicate, thm a uwx&; inthe integy ..,J.ou conéast must ue gmade it "easonably o

e e e oA

océurate predictionsmf rg,c_lgr range: ai’id losses Jue to scannmg are to be made. o
' > (ryfor
"53' a 'hu!ﬁan Q'o_ iju. s no; a univnrs.. (:_05.3-4}__’!3 Bt bear ‘fs R
- some function ,elatxouship tc t!‘e pulse rer _é);i@ on freqz.er:cy of *he form X o B I
_ The 28snmption that b ¢ 1256 and that all other z,onstantu equai zere produces afairly ]
. {.iﬂfactory 'ﬁra*-order gppgp_ggigi@_ n, Thus: Lhe ;eiatimship ak gs tn xorm ot i«‘r = 125L., _ ;;‘;
had LRI ] N e . R B 78' - - N - : : g
- G - N - SE& UPuT“’ INFQRMJ

TR T L i b

...-*:M,H"p.& o, T TS i

ule ST

L - - R
Wrr?mv ""!-" =
A RS ey k]
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sedii-log Asure ves Of scantiing 10sg versus scafiner
spem iu vpm. Supsrinipased on these curves.are ,fii.’é-.asy;mnfnreq -one having zero siope

representing the maXimum loss, ¢ and the othér having a square-root slope obtained from
-~ the usual relationship. Integration time. 7 fof the sy',g_em i deﬁne«.\ as the time associated
Soo e _with the scanning. syeﬂd at Which these asympto f

. : - £ 2 3 ,4__1:75:::_._'__7_\: 3 s s [ P ) 3. a ¢)‘179'-- i ‘ £
- L et il
o R - N -~ 4 . J . s ./’? B /"I"_T i d N - 3 ://
S N | mepor 3%9!’ W DR T L 8 % i et I v " I G S - G
o L ) B 10 = = FIGI%a 7 “‘l:.;-'&"'"- o — T b B . . . .
2 / e | /r _ i S .
u /e gell - A ﬁg%-lsoo-\-r
- 8 8 ] 2 mn}d/ﬂﬁi_l V4 et
- = E 1T PGz 251 | | A -
) - = ; i /- ad
- E s / I : /r/ - _,_-_l
- 4 sngh +1 vy T T T et
-1 : Van's
W | T :
g _ | A ] S n
g i i caLcuLATED | '
I - N . ;" 4 i o / T33 - i e
il | 1
N e [ Bt .
. ) | 1 ': PR
: i i I
- C ! E 3 F
B S i i,.!,_!! ' E AT ) o ) .
- Tne data exhibited m curve form on F‘igure 1 came from severa.x Sources medsured
- I e - N ) I
|“—.;— - n - - ;;
R _-representf,"-' era5e 3 R
) L et -.lgctuatn € side_rab .
! RGP s : 5
. _ Itis easy to:see
’ - -eonsiderably. ;' S
- -To-obtain sfnn!
3 gnd‘,ar nvawilia _" 53 - ]
B .
3 - - ‘aii‘@'iifx..x rxuaogzvtg‘fs" .
- 'disp]ayed on the indica
o . oi a strong steady lo
i:‘:téd. Hractly : 5t me tg.fg‘ét’ A_”bi@ch. g;agram of the fa'dar “m,_
. oo s
— _:t - _;:
e
- i
i
'-'ll
E
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asdi s

: : : 0

|' > ” S b ¥
~ 3

_= = g = T - N . ; .g

| S - - . 5 - T 4 g
I . R : r‘l o r su;rlr.lzm' @ ‘N'T0. GIVE :
! . . : — v:;m RASTE. SROM NOISE - i
i - - - . w SIMULATION !5 0N 3CORE . = 3
| : : ) - CESIRED, SUITABLE : ' = .- o2
= T GATES .CANBE 18- . . -

: R - TRODYSED HIRT. S L N . - - A
I . DI -== 7. Tt = - e — e e an il e e R o ' B = - 7:1—:-_
e T - |

a

Fagu*-c Z2 - Rada* system modlﬁcauon Tof scanning L L
. = ’loss measuremernts . .

it

. A éc":nas'ison of the measurs:‘i and. n'nputbd integration time 7 is plotted on Figiire 3.
The time referred to here as the integration time is comemeci ‘with 166XK-to- mox inter;ration.
For s)uw scanning speed only thie pulses received during a 3 _ngze pass of the antenna are

integrated’ The next pass of the antem}% pccurs at too long a time after the last iovk to

contriite to. the signal informsation presented-during thelast pass. As s dtenna . can- _ ?

ning speed increases; tha piilses on target per pass dacréase, and. as a result the séanning
loss inereases until 2 speed is reached where the succeeding look contributes signal infor-

mation stored at the last i60k; thus the contributing nupber of puises rémaln constant. The
empirical relation appears ta ggree wit. e measmred data much better th.m tﬁ_e 'concnpt of

- 4 constant imtegration time. o S ST

St hamased bl

deolelol o4 & POINTS. .DERTVED. FROM

Ty -; {PLOTS .OF SCANNING LOS5 ™
2 I N ':x-n-swu_'% sPEED.

ey bl A~31,

L X THEgRETiOAL RE:.A*itJNSHIP

i E] KL
', REOUENCY _m cvéuﬁs RER SECO
_.J,'""' .\_"““-- . -\:'__'

tion time Ve, puléé repeti




|
|‘ = : - R - . T p
i CONFIDENTTAL CORBIN - - - T @ E
. N ‘ : - |
i - : . 2 i
l i o N - s ‘ Ii
| Alonv thh the above modifi‘,atxu.l, the n(mlkmeamties in: tne second detector ﬁ;\;et
" R mcludeu._ In the 1 Usual experimental Setup scanning 108§ is measured by-the auenuamicn of 3
e ) tne Sigual 2t interimediste frequencies. T3 isnot nec'.ssam;v 1rue, ot examnle, that.a two-¢b o
; wmage.of a cignal attenuator in the intérmedjate n'equency transmission path represents a
I Ce zwo-db change in sngnal-uo-noise ratio in the vmeo nath \ N
* . - - t
- i g
i o Figurp iis a plom ofa m siished o ]
S . in the December 1948 XRE P" iiustrates the degree compression in i
; going froni the vidso nir ] diate cv'cu-s wnen thd signal &nd dioise powers are of
I the same org.ez's. i
I < - e - - - 4
+ = .
¢ o=
¥ —_ - & . — -~
o -
4_ —* e e T = R 31 = _ Smom‘ -
"' : o I e & »\SYMPTOT; B i3
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| ] —‘lg 5 N ‘. },.
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1’ E . __{‘é ' . SR Figure 4- Universal-detector dh__ara‘c;_-e ) i
; 6';! T T teristic fr on Fubini-fohnson; LR.E: !
: --‘5{-— = =y . Procgedings, Deéc. 1949 . . :
o .
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! = S _ e !
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i
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The_following proce
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sm - . -

L

sge* i,_qmm anr' e is mztez":a be;-.:r.‘;idth in degrees.

tipg los\\ o L @ . V 350; { is asﬂun ed R -. /

ror cempiex <ca;ns ere the trame time of the scan is iess than T ihe guantities N,
ng, and ng may be red fined for couvenienge in terms ¢f & frame, The scanning loss ay
‘thén-be détermined om a per-franie basis from ‘the s¢an geometry. I the frame time.of the
:scan is greater than th‘n integration time,the values of N, 2ty and.ng must be determined for
the full time 7 as defined above, The losses thus calculated a.pp‘*y% to the video. To obtain

the logs=as ag applied to v-f or i-f,the detector ¢haracteristic must be taken into accm_nt
A curve sach as the one shown h E ig\_re 4 is coz\.veni.ent - ,

[ N - N C el

“ The procedura is to estin:nte the threshold video signal-ta-poise ratio \S/N) v when
spotlighting the target A good estimate of (8 /.w yv ior Surrent radars is -14 db, Using
_this value cf (S tre ccrresponding i-f signal-to-umse ratio ¢an B& determined from
Figure 4. For exampieé, the maxirium scanning joss for a spiral scanning systein was
caiculated from the geometiry ui the scan to be 22 db. This results in 2 variation of the .
\a/k /N)v frem -14 db at spotlight to 2 vaiue of +8 db atihepoint of maximum Ioss. In the
i-f,: where scanning loss ‘maas surements are made, this would corx:nsponu w an 5/% 1‘31*7& of

=8 db to +8 db.

. By the usé of these simple reiaticns; much better agreement between measured and
calgilated lossés have been obtained. :

| SECURITY mFORMAnoN
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s ot

Dunbar Could you discuss the comparison begwt:cn a mode ale number of puises in 2

T (SRI) . Leamwidt h md one pulsg per. bea mwmth ing sys ztern which scans very rapidly ? |
e R vou compare 5 pm.se= m a ..-eam @t};,*a 5 su:ﬂessive pulses - 3
7 LT “__, _ (ol R A i : 5
A - - -. . - . . ‘ . - ,§ 1
. # Corbin: If your time between Scans 15 lIesgthan the integration tim e, there should 0é §
y (BTL) . litile difference. What scan time will you constder? .~ -~ o
1 - . 5 - - ER N O e . :
b Despar: . Sear-pericd ofid to 8 seconds, - - SR ;
Corbin. Tbai. is auch greater than any integration time. On the "‘PQJ? had an
integration time of 2/ 10 qecond . , .
'  Wilkifisoni:. I would like to comnare the case where we might s¢an 30 frames per L-_j.‘;c‘or.-:s"
L { RCA) t0 that in which we scan 5-frameés.per second, assu m‘s—‘g that we have *he Sam2
T number of hits, - ‘ _ i
B Corbin: The ...(,anning loss should &0 down for the slower ffame Fate, Tha exact po‘int {
! | ] : . at whicha change would occur depends on your .»yStem. If we Stay above the
P . knee of ‘the. cunve, nothing will happén, If you have a ot of look=to~iook
| Integration, .nothing will change. ¥ou have inore pulses per beqmwidtn and-
Lo fess looks. Once you pass the point where the frame-to-frame iniégration
- stops, you slow the scan down and have more pulses in 2 beamwidth. “he
‘ scanning loss becomes less and then drops down eventually to the search-
P - ) . - light comiition for zero sneed
- Wilkll’lb()ll' ‘What I wanted to know was where 1§ the point w here the frame-to-frame
[ oo T L . Antegration drops off ? _ I . - B i
- L Suppose we permit the s tanget to. o £:50 p
rrg.a.n ‘;ne spot uiameter, but very lmtle i
y
N
-
ol
- i - . --Warren: . yau 8
o e = {RCA) | 7 a‘lue if yo'.; rmuced the pu1<=e repetitp‘?: T
R ‘you :beamwidth corresponds to. the total s scan angl_ “? |
: . I-do not thivuc S0, .1 ilnk it depends oh; the cathoﬁ'e my tube mfi w0 -
R St ) ) N 7 e e o ’_:_ . |
2 IR yarglw - iwould like to poin*: c':* : iy nbar’s single- ulse ws<, there is a - )
“¢NRL) - 1546 & /t realizé 2l of the antenna gain. The beam g
T nfc-\rva,z oetween ine :ransmitted and the . T
- . I‘ :
i'; -
I@;{w-w-«www D T R PR PA A 4 e it e 3 o i = =

5‘>

TSP SGs v;,—qu*mwn LD LR f" ST g ke Py
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nhotor_rrann'-'

|1 = “ . - . ) ) ——
| - Gunter- An-effect, siimil ¢ & photograph of a catnodewrav tube-over a
| \uax'x Un.j iong periad of - 23 17 Mr. Corbin, exists in -eriaa

- It épije‘a.-i: o me
... which might-if‘

. . . ~imtegration o i
. © appliedthis result or attempted to-cxplatn

; - Qorbin: :I_n'._ bt b 1_1 o that thiz ig revo olutionary. Previous 1 'tne.e xﬁ;m .’Las

gople aré related to tﬁis figure.
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| B . S et e e e e A . = -
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tegratmn time
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A theoretical and expexini ‘e;nal inves dg fion was conducted to-determine the causes

of unéxplainéd power losses of the srder.of 4 db in the anterna ¥ystemi ¢ of-the AN /"I‘PQ -2
Mortar-Liocating Radar. The antenna consists. of two Lewis=type Scanners feeding 2 ¢oin-

-Liocatir
i faon waveguide: l.ms The program.of investigat ation consisted of studiés of the lossés in B
| S the r-f system, the explamatle .of the losses, and consideration of methods for the redue- ) ;i
S __ tion of these losses. The lossés-in the sysj;em ‘weré measured by the short-circuit method £

= - and checked bv the subem txcn metnoa.' Théseé losses are itemized dnd cusr- ussed. - : E

E . E The mvest1gat1cn re@ulteq in the followmg ccnclasmns concorm. g the AN/TPQ 2

scanner. _ R DU * S NRIES |

R S 1. P-articulé.r attention must bé given to rigidity of the parallel plate mediun: since
R ‘ :ir_his- conirols the effects of temperature upon losses.

2,. Fhe azexccti‘ic lenses must make good contact with the surfaces of the parallel

be ,.arauel to

G Ao e

il 2
Muﬁa" "")"'dr\\ R

- 2
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e e R s

DISCUSSION

Eudenbom° Since thls scanner. wa.: developed b" Western Eleciric Co., we have szgrm-

son of RCA nas mformation 65 this Scanner.

'IL) .cazxt cnuence that tﬁib session was not orgamzed in a smoke—fiiled room.
F‘oste 'BTL sho id not feel b 2dly, ,This scanner is acmeth‘;;-" in the nature of uniin- I
(McGﬂl) ished business on their part. Gne was. mads at Radiation Laboratory at the ) 3
... . ...  same time, aud it qidmot have ti iz.l!u’l los 5 =
~ FHoner: We are not conhepted with BTL: biit we think that this is a good scanner, It
{Ga.Tech.) seemed that. develupment work on it was suddenly dropped in 1945, I think ;
. that oui work has Indicatéd that some impr ""e.nc::t; canbe mads on this ) |
scanzner, It ddes not appear 10 be 100 dmicult to consiruct, Tt may have appii-
. cations in some instances, I think that further investigation of température k
_-and bﬁckling e‘tocts in pardliel plate media °k‘0L.d be oarried out. )
Budenbom: recall considerable concern at the Beéll hbora*evias ..Jhe!‘ tius .:db flgurc ’ ‘
- was. discovered some years ago. Per haps the gentleman from Evaig Signal
2 R ;-__La.noratory has more information on this, i
’ , __ Ducore:  Some years back, RCA develope.d forus a ecanne,. wh ch used this Lewis-tyne
| {SCEL)  sean. ‘Fhe $¢anner was forimed by electroform procéss, Pexhape Mr Wilkin-
| ) .
|

Wilkinson:  As Irecall, it was less than 4 db. Daiz ua (hat scanner was given at the last
‘ (RCA) symposium. We used an electroformed parallel-plate structure in which the
' barrier was an integral part of the paralilel sheefs. We uséd a similar type L
: of iens. We plated the lens and piaced an absorbing cloth betwéen the plated i
‘ lens and the paralle}.-plate cond ctor. .
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24T siiDes’ t.uG.-bQ ua‘bu.\ a.tuxy .I.Ul. ulC Du u u.. D"Li-‘::.
malor components of tlus systemi is an insta'zta..« 1013 direction f.nder whzch is capa
oi ubtaining ditectional information without scanning. To accomplish ¢ this, it is ne_cebsa.r&“
that multiple overlapping beams receptive to both uolariza,‘if"gg;b,e uséd to cover the entire
3680 degrees of the azimuth plane. Fov' the first deveiopmentai system; 13 beams aach 24

ﬂ'cg;";‘es wide in azimuth were required at.S-band. In order %o achiesve some zdditional gain,

Tt was deswed that the elevatlon beamvndth also be 24 clegrees.“ o

‘The srufe-force approacn to thls problem would be the tuse of 15 pyramidal horns, each
with aii aperture 15 inches in diameter and i tiaving an over-all length of about 30 mches. To
mouiit thesé horns aboard ship would require an unwieldy stru¢tiive having a volume of about
30 cubic feet. In order to reduce the cver-all size reguired, if was thought that it migm be
moré &ffitient io use one aperture 15 tirnes rather than havifig 15 individual apertures.

This philosophy jed us to consider the possibility of using a spherical Luncherg lens with
15 fecds.

Pyven

The Luneberg ‘enc* isa svmme»rlca-l'len,g having a vari anie refractive index gwen by

relationship ST N - I,

risble -ref active mdex :
1 tgge oflens. i

réx glass ballg arranged ina.sym
ttice. would be varied. ia suqb“g; , manier as to'a
U computations were \ccnsiderably aided by theé us

“in g cubi..al lattioe that had been obtained at’ tl'.o.\
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éf?tﬂﬁié%i ¥ 48 feﬁeeied wave m'f.eid {end to bs fo0 uged in the bafmrﬂ directkm. The
baslewsrd 1oksg would be down rom &he mninsbeam by the order of magnitude oi tag
yaiisction-coeiiicients - ‘
'i‘u sHeek g Ii?“ﬁﬁtli@ﬂis;anomﬁ -§5 shpadaliel plates. having 2 conical i fiare-at the
utige of 4ie agarture was ‘buiit, This flore-was 3 inches long and § inches high and pro‘i’lﬁéu
) bﬁﬁﬁiﬁ@i‘ﬁhi}‘ Battay matéh than the abrupt aperture transition previoualy used. Patterns -
% FUUU M were agata 4al iskan 8t & gimngard gain getting and with the gaiu increased 10 db
ay Bhowa ln Figure o, Thess p‘att@rna ; ghow that the back ioDes weis soducad sonalderadly
il wera now agout 17 4k !seﬂﬂm the maln beam., The shipe: .of the main beam was “essentlaily
e SEme ue pefore (i?lg‘.:;*%«%,. higtest showed that the back lobes were primarily due to
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1 '*e noted however; ‘.:h ..ih&be.zmwidth obta ined was con-

<«

= . T narrower- than: the 24 degrees origmany rgqui e,q_, . .=
- -, r"—"".“ = - - T ‘ e §
- - The-besmwidth was l\ess than the value that’ B |
reasons. ‘The ﬂrst wWas the- narrowing- o'otafned because of tbe ’end-ﬁre efzec o =35
“eng p.a‘-i‘“v“‘epth ag wall as breadth. ""he second is the- t’endency of *he T . 3
_ ioracCentuats wfdg-ano"te radiation of the prlmarrfeea, ther e¥w .‘::!::;-:,ng up the dllumis T 3
. nationi Tevel’ at the -edges of the ap»er*uree L Do S - . 2
B ) "‘né g1t r.::ewe;-'a;eawzw;ddxs lower the crossovernvel befwean... d]acnnt bedms mora th B - “g
T f*esiret . m -order 1o brmg'the beamwndch back t0.24 degrees, it was decided to Md-;ce fh=_'-_ o £
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To determine how the l1sinch nretctype -anténna woulgd nprform from 2700 Me 36

Gu ¥Mc m a compxe"f set of feeds, data were obia mEEu On the 1&-’meh; RP 7zimen_'tai )
antenna in th ,Mmon fr om 2200 Mc to 2700 Me. ~ L

{

l .
; . T B - ) .
P - The pzcoblcm of ’ccafm« f‘“ ‘dw completel_a cuxd .he perlphery oi the 1éns ‘was not
| 2g gérious as it might appear at fxrst For ore thing,; it thé antenns is & complete 5Pk
!

jen this Strip.

and the feeds occupy only a strip of the sphere. Actually, € , I By
blocked because of the feed poiarization. Because the antenita neaded ts be receptive to. ‘
. _both polarizations, the feed was mounted at 45 degieee. This resulted in tﬁe athef o
' foyx & circumsiance that the feeds on opposxte sides of the lens weré rpenﬁi sular to .
cne another and wereé thus essent;any transparent to one another. The dxpoles were ‘backed A
';:w a.graving ; oifi'n-degree .elemeénts that acted as refléctors. for the ind*-idual dipoles.
Figure 9 shows the lens with a single dipolé oriented at 45 degrees and tha 45- degree

1
B
reflectiig grating mounted around the lens. Figure 10 shows a detail view o of the e"pﬁri- .
. mental grating. In order to determine what ¢ffect the grating had, patferns Fatie taken i ,
- with and without the grating blocking the forward haif of the lens. The on.ly result was . .
) a negliglble' chahge in beamwidth and an increase of 1 dbin Slde—'00° ievel, :
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y e B R AL . o 5 & o o= 3 o = = . '
' To det erm‘me the: aerfcrmanee of the = R : .

comjplets antuma,- 15 feeds and feed ‘cables
- at4d degreeswere: fmountedon ihe 1éns. Dalw
were taken {down to 2200 Mc. with the: expert-
T a-de.erm,nezae g *-ﬂ=-‘z:;: e
prototype atitennd. Tho‘ :

g nf in’ Flgz’.res 11 and 12. The 1xorﬁ-
zontal pla.ue _hali-power - veamwidthe. vary

. froin 28 degrees to about A1 degfées over
: th_e band, while the cross-over levél varies
Om 2;99 d&:: dewn 0 about 3 ';dTo down. Ther

i

o
1,

rowss ﬁ'tnosemthnherizcntalplanea The | | .. . e

IO > d

stde=]obe levelvaries from 14-db down 4t the
‘lOW end -of the band W aveut 22 b down -1 U - . T
tie highend of the band. The side= -igbe. level Figure 10 = Detail view of .

T ‘at the fow—end of the band-is-part 2y due to 45-degree grating -
the: ..uuaaenin_g of the prfmarmfeed illuml- T "
-nation pattern as the froguehey goes down- I Lo
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~iTE S J__S_ﬁem«:. - . T _ —

- Question: Do you have a photograph of that 15-f

Ne,J do not, It wa.;_a'—haywiue arra.ngement Wn are l‘ihf‘g_,é prototype
oW, . B, B i

::— Aré; ine i;f) i‘ef_}‘§ Sﬁ_{:ﬁyna\-v i EA SRt DIre SuridLer | _
Jasik: Yes; they are spaced-every 24 degrees arow;d the Sguatsy. Since it is

gomg ‘o bé used on shipboard.againgt aircrait, it might have beéei hetter

to drop the feeds slightly beiow the. equator fo point the béam upwa,&d This
would have imnprovaed the feed blocking.-

Quéstion: Have you ‘.‘.rled ar éazﬁé over the _éﬁt'ix‘-e si's‘té:i;j-
Jasik: Yes, we have, and a cyiindrxcal radome does n ppea;- to be_ too critical.

+
Lhemynndricai radpme over the spherical ] ex‘zs &catter ed the refisetions )
Gidid have beeh had the radom g been sphericil. i believe -

“moke thanthey w an

they
this antenna will be ‘che of the first L "ﬂeberg to go into 3 system, Iiis
not the first spherical Zunsberg, however. I'believe e Hughes Airecrait

- . Company built a spherical 1én§ some time ago, using a differeiit techuigu

A¥ owwemanl, & 2328

Question: How was the diei'ectri‘e- nstani determined? ‘ : T

aftas s

| .
jasik: We usaed the results ohtainied g Camhridge F ield Statica by use of 2 cubical

i LS R i 21l

lattice, We postulated that Wm.t counts is the density of the balls per unit

: volume rather than the spacing between bmls, provided that the balls were
= ) _small ehougk.- We computed a pesition of e oalls from the density concept o -
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in various radial steps. To simplily fabrication, thi:
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|
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i i T _;thmugh ‘a sphere: filied: comnletc v with the pyrex material, The fesultas - v
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Van Atta: In regard to the scattering by the chstacies—~if it were appreciable, it

{Hughes)  would sliow up in the side iobes froin the system.

\,an one infer irom ‘che data yon have given that the inher rent bandwidth

of this system is of the order to5tc1?

Froni the s‘i:andpalnt of the rangé over which this ny tem can “s=rform, it
is good from 1,000 to 5,000 megacycids. This range esild bz extended vp

to I0,00uor 15,000 megacycles by reduchxg ihe ohstacle size and the spacing.

Of caurse there is no lower limit. The problem confronting us here is that
of keeping the beamwidth constant ovar a freguency band of about twe to one.
The structure was déveloped on the basis.of geometrical optics and so is of
course independent of frequsncy. o T

Could you givé references on thé rfenera. der.vatiop of the Luneber;r xens ?

“The first derivatmn was givex in Luneuerg s Notes, uublished by Brown
University, I believe thls is the only place in tie literature where it is
done completely. The tasic npwaa.ieﬁ of the iziis hds been discussed in
many places in the litérature. In this country, work has been done by

Cambridge Research Center and by NRL. _The work in Canada will be
discussed in the next talk. There has been a paper in the Bri-*.sh literamre

n‘n—p‘nnﬂ la

N 'DI"" .LJI‘S.&JAR..,IL" PULGTIGTA ASRS. B
Hiatt: Do you have any information on the coupling betwéen various feeds?
\A‘F CRC) ' -
Jasik: Yes the ne"n,,mg bhetween two ad acent feeds was. of the order of 24 dh, This

decre_aS°d for the other
figu'_m of i 1ess ..ng;n 4i d‘ﬁ__ o

Ke[.e‘aer- 15 atiswerto the mmst @ gentigman from M_eipar, there !s anothe;

stion of th ther .
(EBI,.) . dérivation of the Luhebé &rg _1_»4 s which is Ssméwhat simpler, ]
. :pabiisqeu t. Dt n of NRL nas worked out th-. solution

,4 paner 2T w,-at »ea.ut IRE meetings — =

- ...'.' i

_==.’t}'.‘ié.t~ nclude ”:;e WMCFE ggneral casre?

e RITY mmnpm'r'ow
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F.Gi R. Warreh : : e T
‘RCA Victor Conipany; LTD: - S
Montrea"l Caﬁada N ) - . . -

. Inuy tltlel. b | have deseribed ‘the suaject of this paper asa mod;ﬁed Lune‘aerg lens. I

am sure that most of you ars familiar with the various forms of the Luneberg lens which

have been constr cucted for microwave use, so T will go over the background only very briefly.
The Luneberg lens is an optical device in which the index of refra(ctmn of & sphere oi trans-
parehi ma:er!al varies from unity at the surface to the root of 2 2t the centsy ,nrnordine a
the relation n= V‘é - v . Inordinary op‘cius this exists only in *':hc—e*y, But i faicrowave
op‘m s we are able to make both two- and three-dimsisicnal versions since we have a m..mbev
of wavs.of obtaimn., a variable maex of reXract*.on. S ) o ‘ S

gurt‘ea, . ¥. Rinehart has derived a narallel-plate sys teny iu the s..arr- of a surface
of revolution which is the path-length analogus of the two-dimensional, variable-index solu-
tion. However, when we Zalculate Lae ‘,xaei “ﬂ“i‘{'&ié;‘au of the Luneberg lens as a surface of
T -;valhti-:n, paraﬂel—plate zystem of unit indev of refraction we find that ihe sysiem is veriieal
am the edges. If we represecut the system by the generator of the surface of revolution whith
& the mean suriace between the piaies, the Rinehart solution is of the form of the broken

urve in Figure 1. To use the sya'tem as 2 microwave lens the emerging rays niust he brought
into the horizontal plané, I 2 curve is-added to the Rinehart solution, this adds exira
focusa;g prc,;ertiec which sjinewhat degrade the performance of the lens. This has been
done at the Air Force Cambridgé ReSearch Laboratories where it has been shown that this
dofoct may be fargaly pectificd by nuching the fagr’.‘ horn up. in between the plaiés of the

&E,‘_g\'5 “hy W Auls 1SS D " [~22 11

~f“ﬂ““° bc a‘:cided ai wssible, asp ecia‘ll‘ __if rapld scanning is tol be

;mamnon of gﬁneratmg curves for Tin }?,at a.m'\ S
T ;for Rme‘xart and Parker form n e
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. ‘The wérk I am describing began pith an attempt to-derive the snape of the surfaces Shich
“WOulG: give a- parallel-piaie Sysiem uav inig Horizontal. ;dges and f,f.'*. would fgous perfeciiy;
that is, & systemn whicH would: givé a bedm of ‘parallel radjations from a pci t Source-on

|

|

|

|

| >
; . ibke eircwggje fence, At this point ¥ mighi say that this work was s underiak en as a part of
| & s‘.ﬂ‘&; 3
it

[l§

; indér-contract to the Dulshse Re'aeareh Bea"d in Canada. Much of the work, both
';necre:i\. "“ée:-:'_:.’er.:z iafie by Mr. 8. B, A. Pifinell who is co-author with e

vé.i‘*ble through the De “en.;‘: Researcn Board. 3

ﬁ Teo v rinz in general the shape ¢t a helmet, for
i Wmch rea_gn we n.nms;.cnw i the “tm ha% » Armysis shiowed that the vertical edges of

! the Risehart solution were a nec¢éssary consequence of requiring focus ing across the entire

i : aperture<that is, focusing gven of rays which travel & ntv'ely in the nacrow region ngar /7
4 the circumfieTence. If we were wi ing to forego the focusing requirenient fof these
- extreme xays, we could mit a curvea hp within this region and still construct a system
|

' : hich -focu;eu a.x.' thei’ aays. One attempt to-find an analylical solution for the central

' : WaS s.x\,enss‘"’ in giving 2 formal solution,. but this was
“snlf an integral nquatlon whmn we cotid not soive in zny vseful case. 'We ‘;vert= dble,
noweve; 0 fz:aa th ,s;.ape \01 the requxred cevltral surface to- g0 with the given iip by return.
g iC -the required surface by means of a polygon type of
Sr-to the °“°’=°*f\" ﬂf ﬂm surmc The Slope of each straighi elemeiit of the

u
; Mii.‘;a-va.t. TR A 5.

part;cula.‘ ray emerge irom the sysStem paralici

e _ ’ to the diameter dravm throag the =ource pomt The calculztions are all madé in {térms.

‘ ‘of the mean surface betweean the aciuzl parallel platés aid are based upon the assumption
that the radiation travels along ¢ reodesics on ilié miean surfacé. The number of straight
siements chosen was sufficiently large that on construction a smooth sirface wou!d be
obtained. CObtaining 2 sufficiently accurate surface by this means is a bit iaborious, but
.on the oiher hand *he process is very ilexible. . .

| I e

Y N

“The-comparison béiween nape of tiic gener ralsr 6 &f the whean surfice of thé Rinehart 3
. fo rm azm tnat oz“:ne tm ha i o_ "igure 1 me broken carve représénts the Rine- ]
ng nrve ia e E 2 o comv:-rrsmg tnp omer 18 per-

od..01

ce for

"
'
UL St o s ap

fl

eaéh difherent ﬁp there exis A‘com

l
wero

: ‘at,the laboratories of the ii’:a:cional Researchv. Co__

|
o e

en s

the devzce

Bec ‘"se

: agreement
lengths. Vertical pattevns haa ? so be
.- that because cf the end-fife type Gireciiy
in ‘thé difection &f propagation the vertica.l hﬂ-‘fmﬂw » : id he

ess than that corres ponding io-thé height of the an*rcure. ng, ;&.'.wﬁotfg‘h the e
spacmg of e pidtes was only 0.4 centimeters, the ¥ ,‘-.aa' h(ufwnower mmern Wid,l,

a wavelength of 0.86 cm was ¢ dalcuiaied to b 3¢
e-érlgulated: *.sertical half—power w1dth ms 45 aegrees Experimen;a
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simpie wave guid feeds piaced agal St m & edge of the system and pointed toward the 2:i5.

: r 0 unvx"u_a.l precautions were fecessary 15 lecating the feeds.
3 . - -
{

3g aeg*ees it 0, 888 ¢m iind 45 degrees at 1 28 ex Thege- M‘terns were meéasured with

l . The work dohe on this _antenna suggested other poss1bi!.1tl ss, none of which have yut [
: ught to ﬁ:rialg. I will discuss these briefly. Ina v-degz'ee Seanaitiy .nodel of j
| nd yve -have been discusg ing; 2 single waveguide feed would revolve about the cir- T

¥

t - L2t 2

b “-cumierénce: 01 the system. . S . ' = '
t E
i

Ii we wigh to scan through a smaiier angie, say siighﬁy iess than 140 degreaa, we
couid use three symmetrically 1ocated waveguide feeds in conjunction with a three-way
| wavngaide roiary switch. ‘Only one feed, that lying ina paxuciﬁa:r' 120-degieée Séctor,’
" _would be eneigized at any one time; and the beam ‘would scan in a sawicoth fashion through
| a sector of 120-degrees; less smtch,qg loss, at thi'ee tilmes the rate of rotacion of the feed
, ~ system. In the case of three féeds, the bearr. would pass almost entirely between the two
| - o inactive feeds so that aperture chetruction would be ""*Mpn"t..nf I we wished fo vse
( more than ti‘ ee ieeds %5g geta smialler a.m,ie of 8¢ah, the inaciive ieeds would czuse
serious cbsiruction of the apertifs, Sowever, without Issing the optical advantages of
I _using & surfaceofi ¢ volution we can construci 2 system for use in Hmited-angle Séanning.
Lo which avoids . ﬂ'*e nhsfﬂ"-ﬁnn_ of the- apezture by the feads, This is done by dividing the cir=
| cumference intc the apcrture region and the feed region, In these tvo separate regicns
we use différent 1ips, poth of which are portions of surfaces of ¥ revolution ahout the axis
l : . of the system. They are $o st aped however, that the continiuation of the'feed ¢ircle does
! not interfere with the aperture. The center oi the system i$ a complete surface of revolu-
tion whick joins smdcihly inte the Hip region. The methods of calculztion used in deriving
the shape of the tin hat are reaily adaptaole to caléaiating the shages of the mean surfaces
‘ oi these systems. Faigure 4 shows a iew of the possible shapes of this type of antenna.

| Tne form emnudyin a toroidal bend in the feed region is particularly interesting as it

glVC\‘J ulU nuux. l’cb!- a.uu usxu.cct fccd EJJ’DDGWQ B"""“"S A‘ {hn nﬁw’ ...m!eimr 1nh~n 'q«;‘J ”.Y

|
i the toroidal..bend the: ‘za:*.'at;re of ths dGme-ou&chu' seetinn is Jess than that .of the simple

anome Tomws

ald ..J.SQ be r,css;ble to %ns"'z. a2 m"‘““"" '""ﬁ"",,, lens
reumierente.

d Pr@ure circle- T o ~

_Llc be caﬂable_ef 4, very rapid ra_te of: scan throug'l 4,n
ﬂmrate, in. scans per sec hd, 18 ; 3
;thgf.‘u;inber f eré.d sed:

_;«fm abo 80 degre 8. T

ﬂl l
('l'
--3 uw K
)

Systems of thistyp
i T

¥
:
1
{
!
3
1]
i
i
!
i
»in aegroes : -

H o8 .1
1.5 1°Onéd.§

. -‘ftne rate of revomtip_nﬂfof the. fee‘

5 Anothe* variaticm of tﬁe suﬁ&ce-of revo‘tu ’ion fvpe of fo'

3 gpﬂv‘ nae

Ol

v

co trc{o_ver tbe shape of the ver ';al

-':kieﬂ‘n‘lv_- :db_"ﬁldu:s way, -m"WCiu 3 beamwi of the'v verucal ramamon nattern
. 5:5) .

't e uidtbemcreasedn-if tids Wwere desirable. ow-that any
el ,el.J"a"*'"z of the feed in this manner entails some decrease of the oftemive aperture: ;h‘.

Bighse the Kaam angle the smaller the porticn of the aperture which can be propex'lv phased

I usxnﬁn A ass. el -2

s*-gref-s e ev' tmn no: iinite le)‘lg’l'.h ox ine a"erture can be prwi,rly phasen by ttus
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. ei-niate; surf'me~of-“ev0mtion iens ¢orret ed for *"e de-focusing effect of a hori- i
, ) ntal zp % Cal¢ulations were made for a model wmch was & nstrueted and tested at

: vnvel ancths of £.887 ¢mi and 1.55 cm. =, parallelsplte scanning
altenia w:.ms\,.‘ of portions of surfau,ee of aevolution a,.’:eac. th° Same »axm‘a was proposed.

i
1. i Full -details of this work, inciuging a' raksy of rﬂ
1 ’ giveit in {0 reports avallabls thre
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l s v Yenm o red

We have designea a ‘wo-dlmensicnnl Tunsherg lens dsing eireular, almoest paranel.._
conductt fig plates; the space between plates béing filled with polystyrene. Thi§ laens usés g
the .Em mode s> that the proper index of refraction is obtdined by making the plate spac-
ing & function of the radius. Figure 1 shows a piciure 01 me 1er.s tegether with a skeith
t..at -exaggerates the curvature of thé hé plates, riic
kept flat and the hottom piate machingz s i
deszﬁ‘ﬂeﬂ for a wave;ex_m:h of 3.2 cm, making Lh'e pmy‘stypene mlCK.nebS G.
ter and 0.52 izch ai the edge, The diameter is 36 inches. The flanges at
lgns position a feed horn and were arbitraril\' made to ¢over 90 dez'ees
ence. The exira rrim at the edge of the o plate was added f." malm the ap

_cal; t.‘ms making the tota‘l tilckness 1-1/8 inches..

o) wﬁejﬁ;ig)ﬂﬁa = %8 i s
?-s”ﬂt&::a O3 G Bl Do 7

Hbe

y\gdrusmm.t ‘%.
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s th-z additxon af a section of a 45 degree cone te_ea.ch fia

lc@NEmE;grg-;AL _ " _ PEELER .. L

Prowsion is hade for addmg ilare's 1o thls 1&ns in order to obtain 2 nore directive
beam in the H-plane, One set.of flares consists-of plané sheets.of 20-irich radius mounted
ou ¢ach side of the lens, Theseare deSIgned to-act as a bk horn st the aperture. Another
set, which we call the ¢onical ﬂares, has a plane Séction the Bame as the first sét but wﬁth
234 to aperture 12 inches

- “The designs of thé lens ¢ ' "‘__“ '-_' COnSIdETIng Ipéfxuuk" -paraél-:-li'}'.‘.}'aiés;_::@?_-‘
ara d'by a dielectr s whi E .mocde. The indéx of refraciion of this
- Inedium i givem-by - _ s : ) i )
L g . (1) 4
Thooo v . - : . ~ E

where ¢ is the dielectric cons ant naze wa le.,f,-..rz; and 2 is the plate spac=

ing. ‘The. demgn techmque permita tion of the spacing tween plates with radn.s in
{v) 4 \gc_rx__ u'-té.z?.. e CicSiTG “‘:“{ ox i R . - .- ’
nsyzse* . - - S @

Equations (1) and (2) can be combined, ahd t.‘:e plate spacing a can be touna as a function
of radius when the diglectrie constant and the wavelength are taken 2 parameters

—

N et

cates that ¢/ must be grealer than 2 for this squa-
sion to have any meanmg. ’I‘he lnp ; u_st operate avove cutcif {or the Ti ,9 mgde; when this i
condr.fion is '"\nlied gt v =1 (the point ost apt to be below 'c,,i;OA.i)-, €’>2 also resuits. ;
.- Figured pith an -mithout fla¥és. The lens without Ll&"&b has b
a pat af top-an although there is  aprreci: i
21 d‘ééf;;é. ‘The adaiuon of the plane o F
d'th~‘~to 24 degrr _;;.-. ”‘hm sénic T ;
3
R
—

o t3 e ,S
ties of.the lensa
ﬁmut the ﬂar‘es. T ‘_"

ﬂuai n.-
‘th fhmn.

'Em e!sift in e

;re‘qunncir-*s shcw tha;

Euture p‘.a::s *‘Gr uua pro;ec* mclua«: de elcpmg smaller feed ci ‘;‘é _.unebevm‘ a«:

w’.‘j"’%- :-a,-q.,_, e e ‘sMwl lie--r-‘—.
Ty i m».j .‘:_..
Sy Sy );.i“ --u-;}_r,’r}.\.l T c.)“- prevsJ r‘.jv-é;,,z .
"HR‘._ ey ;-rgm- T e T 2y = i
3 !E:az..:‘v nn,uwa,a *—-wmmnw S e

Cha e e v"‘-'m-‘- [T I e ST

W

T I ra——

i iy e

-




108 i LUNEBERG LENS . CONFIDENTIAL

T WL f i T e T ]
4 % Wi Conical ‘F'iﬁfv‘ééﬁ'_
| H e Plane  Flares -
- -~ A = f 1T T 1 - 7 T : ‘h I T J: S :
, » N AT Ty 7 ;
: i Flares. 1
- . R ’!i '."’ %
0 el AT 3 -
AL s DA
fegda RERERE R < at s .
':!'u;..'_f: ﬁ _-r\, ! 5 o =
Iy YRR I 9
15 1
g ' = ‘
= an 3
8 . £ X N
L8 > : 1 = : . “'i\:_ i
— et 720 Ho 380 - 0° 36° Lk 7o R
Ly ] '%__1__ i ) 1 I T OO =
| i ii8 ; ] nE - f\N-G-LE : . i 4

- - el
S ~m~tmwwmnmmmr T

AT M eIy 6w e e s ) sy
|




CONFIDENTIAL '  PEELER I T I

+
]

,-r.o'dius of r,, a lighter and more compact feed system could be- designe W ic
easier and moré rapid scann g A lens with this smaller food eircle radi’._’:s requires

rent variation of index of reir raciion, and perhaps heed no it be "“lled a Lunéberg at -

. Ealon of thé Antenna Rssear h Branch of NRI, has solve ;e “*ok‘am of determin-

index of nefractlon for an arbltrary feed circle raditfs: _

B i
_ — i --_.=‘ — - A — el S
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5 o — 4 e el
¥ ~ % -‘Figuve 4 Lu-x*bergi,:.aens -
i - P . srnall feed circie-
| ! 8 - . =
| - : B - ,
% ¥ PR
[ : =
' B
=N :N N - = o ¥
. E
! ;
- [ PO )
1 - \ -
! _ . T S
e o w . % AR AT .. % S T e »
which ig ihg veloped. to. date, I the iged c‘.;—:.!., Lo 1d be F4oLs ) 1
]

[y an—r
4o
+
'
i

‘
|
‘
i

I

i
f

L

mFoam'rm N L _ T

R

‘:3 o uﬂ(."'“"“ n-»gri’fi‘ﬁ»"‘ : = W«?% Pt "?s...d RN "’”cﬁ.‘ﬁl
"".v

T il v
M m,.

STE &:.:w’ P

«m».-.mm——m» o

';p %uu. \W!n')}tz‘

o S ar— ,, L

o ‘ngn:c,! g r%,za *.4..-.



e m s

110 | - - LUNEBERG LENS CONFIDENTIAL
nISC""'S}.ON
Wilkes: Could you explain how you bolt ed the two plates tot.-,ether ?
- {APE) D - 5 . ]
Dagler: .. F*rst, I.should. say that we used the TEm mod.e s0 that the olts afe péfpen-
{BRL) dicuiar o the E-vector, We first took data with n6 bdlts, but we fomd that
the polystyrene warped slighily after machn-;-ué, 50 we were forced to %d
o DOuS, afewata time, ‘to continually imp*ove the patterns.
Wilkes: Did vou p‘unt the polystyrene surfaces for good metal contact ?
Peeler: No, I did not. It should be possible to build a much lighter antenna if -e were
to do e.way wit:: the metel S1siSs and uod padntingas yod s-._!gge.ste'ﬂ, e -
@qésﬂbn' How cofm: thé small feeri Eirc'ie'he fed 7 T -
Peel,er if ohe were interested in a limited Scan hé could cut out ¢ ion in the back;

. . for a 360-degree scan, he ¢culd feed with a slot betwe sn the inne'x" ciréle and

.- . the annular ring. The separation between thé innér and outer regions of the
= lens would nermit feed horn rotation or feed horn and inner ring rotatlc“n.

For three-dimensional leas the scan might be limited to a sector of 90°

Fcr a full sphere; you must remove a part i the sphere.
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In ”onnection with a study of tke promem of elecironic. seanning under Air Force.
Cambmdcm Reséarch Ceénter Contract No, AF 19 (122)-454, Dr. M . E
Wilifams of the Hughss Alrcraft Compami have pruuoseai and p’ai'ta ally iny
ax-d i::te* esting apnlication of the Rifchavt-Lunsherg 1éns {1}, In this upDuCation the lens
is used as a2 principal component of a nonmecndnical scanner in suc‘r. a manfer as o
provide a pogsible practical solutioi to the aperiure blocking probies =& natural méans.
for extending the narrow annuiar aperture &f a conventional Rinehart- Lune‘mrg into 2
cyli::drical ofF ¢onical surface wide enough to permit ike posei bility of béam-sh apmg in
X o the pianes transyerse to that of thé aperture—and as a means for accomplishmg wides
séttor or full 366-deg~°ee scamung of a fan beam m-.hout méchanics! motion of_ g;t_h_er
‘the 1ens or its fsed,

e VO IR

Consider the toroidal-bend aperture of a stasdard Rinehart-Luneberg lens (2) to be
. removed at its junction with the lens focal line and replaced by a cylindrieal paralliel-
1 piate med.um comnesed of many identi cal rectangular waveguides; arranged amall;,
narrow Side abuiting narsow side, as indicatéd in Figuresland2. If any one of these = |
i ’ . wavegmde apertures were fed S asw r‘ar._ate into the mns, it woum be anparem that the i
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Figure 2 < Artist’s sketch .-a.c;wing poition of
_Rmehart ~-Luneberglians fe-mung raliel-plate -
i ;_-co:rmosed of recvangu?ar wc‘venuxdes
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aluminum spinnings, loaned to-us by the Air Force Cambridge Research Centér. Figure 3
shows the experimentai setup, with the Luneberg lens fed %y standard X-band guide and the
lens féeding an array of 113 sections of &tandard guide, ea:‘h terminaied {n 2 matched
load Figure 4 is cioqn-up of part of the syg stems, with t‘m- unpe; spinning removed to

P s arranged along tlie focal lne,
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The ’f:u =fiel@ puttern of ihe o vx«-:.per,&u?e lens, havmg: the phase ang 'am;:u de distribution
| shown in Figures 6:and 7, was measured and found to be characterized by a. 3 d gree half-
‘i i o Y G ar 4 & ‘-V:- ve
ihae power beamwidth and & side~ivve 1ovel 22 Gb down. Tie coirespoudiag pattern &i the ave=
I o
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&
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Figure 8 - Schematic diagram of proposed resonant switching systern by
imeansof whicha. Rinebierg-Luneberglens-coulidbe usedtofeeda cy: lmdmcal
array of Yectangular waveguidés in an electronic scannex

- . To. return to: the slectronic scam‘nmg aroblem, Figure 8 1s a schematic dlaora.m of _ ’

- Oié ~op0sea feedlng and c'viutichixy, arrangemvnr b i B
L guiae °1emeﬁta \.C‘.ﬂu ac mme 10 se:vn a.a
TarHular arringement, omlythe |
ntarjly serving as the feed_, ind_it\‘:‘_atéqi;_, . e
Fiven t i ier switche quiescent, i
me 1qd cf incorpcratmg thi:: switchi_n_gﬁgcheme
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xgure 9 - A"*lst‘s sketch showing
proposed feed and swn:c___ng system
£43% electronic cr-an'ner em'olovmz
-¢gylindrical waveguidé - 5.1:_1@.;:3 aper-
‘ture fed by -_Ri'néfi_a;‘t-_ Luncberg lens

o ek

!
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- . In-conclusion, it-iS.perhaps mmecessg ¥ fﬁ-'iié.;-é_';__
ric swit¢hes (gas-tube, ferrite, or what-have .:‘ meet or even ap ach thé'
_requirements_impoeed v this type of radar s¢ he switch sg:w-::‘-.:icatmns_,
- And:the control system. ;complexify. bésame much more reascnable if the seap angle is™

less, Sv .hat a given eiemem of the: Wave-
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_Fime bhejng litnited i intend to treat bmu.ﬂy items that have been “ﬁblrshed elsewhere,
and conclude Y with a more detailed treatment of current worln

Our first vénture into wide-angle mictowavs optics Fas. c. expev-zmenf: with a variant
ha Luneherg lens. 'Ihe n’-‘cessarv varying Fefractive index was obtained by means. of -
ducting sheets spaced in the direction sf the magrnetic vector, in such -‘way a8 10 pro-
;e a quasi-reiractive mdex varying according to thé umeberg relation, This variant,
which_had the defect of being limited to the prodicticncf a line souffce;, is the: or\ly one

e have examined experimentally. . Hewever, for

, iy former col eagl.e Brown, now of City
nd Ct_iilais College, London, has developed the: theory of a simiiar system Wnir'h is capable

f scanning 2 fan beéam through 8 0° by moving the feed Lhroug.. a «::irn,n?o Further infor.
h on cah be obtained from the Tt:!.él ences appendeo.. ’ : : =

5!

The only high-speed scanner that has been developed to the pr o:ov:yp Stage is a Foster
Scanner fed by 2half pillbox. Its apsrture is some 205 at *X* band, and it has been
designed oy my colleague, Slater, to scan over an.are of 406%at'a qneed of 25 cps (com-
plete cycles). I have no information to give except that performarzce is entirely satis- -

. factory. The design foliows the information pz'oyided Lv Dz, Foster; and there were no

Snies, (‘m\mdpr ‘j]e care wa_s
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quired bc‘h in machining of the light a.lloy castings
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A few preliminary experiments Showed thatuse of periorated piates oifered anadvaniage ;
- _more important than weight saving. Ccupiingbctween adiacentchannels drasticaily modified p
‘:h? waveguide equation, and plate spacing was some 15% less than the value given by that equa- §

t
bup

oniarihe desiredrefractive indexof 0.5 {in fact, the lens was designedfor n=9.53 as, on

-delaying the onset of secondorder reflections ,bromisedto improvethe efficiency of the lens.

i account of Some rather inaccéuratepreliminary. experimenis, a mymber of spacers which pro- z
A . ~ Guced ihis valuehad been made before the lens was consizucied). This reductionof plate spacing, ;
': By del |

Figure 1 shows the construction of the lens, A combinationoffront and back steps was
useas¢ that thé back surface of the lens lay approzimately on a sphereccenteredonthefocus.
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 The rema.ndex of the figur'*s sn.mmarize {hie mneasuréd performance, Frgure 2 Elhiows
radiation Datterns at the design frezuency, and Figure 3 gives a summary of the scanning
3 erties in Frand H-planes, It will be s¢en that the optimum focal surface iS very adarly

& shhave. e gered. on the center of r.ne iens. 7The gal ain vs, sganning andle Characteristic

oes not.¢o n‘pefe with the Rmorma. type of lens; but even SO, it is sufficienily good i0F
- our pr.esen‘: purpose, ,as:d—the -e0nsh '

Euction avonis the complication of the egghox.

In au of thebe f gures a pfsi:q ry ;ecd h. rii giving a | ’) db t ner was uséd,

T dlaledls ::vrcr\t‘hnh“
. ~J

'I‘he euxcxen\,y Gf the lens system appears 10 De dbout 50%; though I think

. "nefe Will- unders.and my. reluetance to be very confldem ift an absolute gain measurement

This rather ~high vaiue woiild seem to ,Pdirate fhat Iront steps are slig htly {ess harmful

“than tne usual rear steps. -

Finally, I would like to place on record my apprevlatlon 0f the generosity of the U. S,
Na_. 1 authuritxe< in- enablmg the British representanves io atte..u this most val lusble
0 nceo ST - = _

9(‘)‘
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122 SCANNING AT R. R. D. E. CONFIDENTIAE
DISCUSSION _
Rudenbom' Could yéu-.g"iws*: a figare for the lbs_é'- in gain on this leas?

Kelieher: "‘hat appoars {o bﬂ a very good u‘ain figure, We uad some discussion about

Pasiatd
| 7 '{I{EL} :‘-’.1}-’.‘2’:3 e.!. t;"' 3‘.!,9!- 9! e _’!9‘.‘.“ a::d T bel{nﬂn ynﬂ na”a ‘some in{nrmghnp_ ’_'1_“1'“’0—

_ priate t6 that giscussion. Your data appears to Show a very broad maxxmum
for your gafm as a feéed is moved alcng the axis of the lens,

Jones: . Yes, it is very broad. It is what might be expected from the ephcs of the
ituation, The /D Fatio wis 1 °“d thore was a toleranf'e of ¥ % inches about
the Bfoot feeal length. . - i , T L

Kellcher: Thatis encouraging. The pre"*ous resulis seem o indicate t}m* ym- nug‘ﬂ;
. iose g large amatni of mm if the feed were moved only slightly from the
cee e nes’c mcua poiﬁt : !

on the cu;:'ve, and it is possible that bad impedance match-

Jones; -  Theré wasa rzp ple &

© 7 ing mightgive false gain data. , -
I —_ . —
|
‘ _ Budenbom: Your gainuguz'e was no doubt 4do..ed for the design freGuency:. Was thére
, - any attempt {o broad band this iens? . i

. Joiies: " No; it was 2 sir aig*t.z: ward Kock design with steps on the front face, In =

a : S regard to this 50% fi uré, I would like fo say that it might be off by a db i
L o - . er So. We did not hav at.ceaa to a site which 1€ft us entirsiy fres ixom :

o 51 ound sé’flcvﬁvuw. LT . . -
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Ons method of ._Jm__mq involves the us o*v arra! ]s of racuaung CIEHENS SGChi as

© ~ dipoles, Slets, or horns. The antenna Eé"“* is scanned by causing the relative phase %

betwéen eleménts 18 vary with time ina pr cnbea mamxe; . This has boen At somplished =
in some antenna systems by mechahical method.:. For exa,mple. in an Eagle Sitanner the

width of the waveguide feéding the array is hange thus changing the guide. wavelength
whidh faenis of the array to

consequeiitly varies the elecirical distance be tween the ele.“.,..- he )
r.!.e the requred scan, ‘Unfortunately, this and other such séheémes frequently result .
soniplicated Structures which are hard to consiruct, hard to maintain .
1, smost imporiant of -m , har ,d._.g zrnmi,e :rani?'ﬁi‘r _

o

Sraie WA

'

n
TSI R

3, attention hasg L‘eeu directed toward the possibility of scan_ning by
roid the use of miéchanically movmg parts, One approach to this nrob-
r yrce whose frsauency varies with time. This, as ifi an Eagie S¢dnner,
,f r‘nanges the ;de w""eLengtn and thus can be used to proauce an elec;rlcm swm --.15 )
iine of attack is already being Tolowed i oy Hughes Aircraft and others, and the major

problem Seems to be the development of variabie-frequéncy magne trons or klystrcns. )

Rec‘ééﬂy another method of electrical scanning suggesied itseif to s when a new

et

 typeof waveguide switch was introduced Dy C. H. Luhrs. The design of this switch was
oased ns- uxt: cw»u.umagnetic propertlcsw '
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: -f"‘.g'fi-c Z = Longitudinal section of a typical switch B
showm. in Figiare 2, A _coil of wire is pr ovmed. to supplv an axial mag-ne‘tlc field, When ﬂne
proper current is fed to this ccil, the polarization is rotated 90°%, and power will be trans- ]
mitted froin one gulde {0 the othef with about 0.25 to 1,0 db of attenuation, depending on
the particular switch and the ferrite in use. ?’hen the current is removed, at‘enuatim.s of
as high.as 50 db have been measured )
. ion of the Faraday-opd- ]
olved into
e
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¥

tnroug-h ﬂie materian. a rexaﬁve ehase_ mt 1.:_ _i*gt_rod ced between thg_s_e gqmnenentS_,

b 3 “"11 cause rotation O_I .tne plane of polarivaﬁon, With the proper ﬁe_ld, me vu-

1
b
i

i

fen 1t wa..e nepessa.ry .o uetermine the factors Whig_h_control the Dhagé shift o
1 of iablé ferrite materials, Figure 3 s.wws o

¥1$ a pictuie of the actaal setup _
Wd Flgurc 4(bns ‘the setup for measurements

an measure all the character*stics of the ferrites

tbe acfual easu ments,_ fhe s ngle ~mode trans-

-mode transdicers so that the input VSWR and the-but=
& ntmuou 1y without moving any p ithe setup. The
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1~952 issue of the NET, Progress Repor 4 coutzins a qescription of the work and
. thes . wWeare detesmining how the physical dimensions and the shape cfboth the ~

— - "fe;" it x‘xd t‘ﬂe gu.de wh" ch cs.,tams it affect the phase and loss pruperties_ of all avaﬂable L
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126 . ERRITES AT MICRO WAVES CONFIDENTIAL
f.%éiariza%icn ehzngers, etc. 'Thére are, of course, many probiems o he sclved Before ;

iheve components can we used. Their power<handling capamhueb, their bandwidth, ané r,
their tempetdture de“ende nce .are of prme msc':est.

, ]r muld now like fo- c.escribe a few.of the ccmpanentb which we are pr e’sént.y develop- .
ing. As 1. menﬁc::eu -earlier, we were very interested in nuilding an ali-electroric, variable 3
Our first idea was to convert from linear to either right- or ieft-hara eir- i

256 . nt at £ rhaca okifilng
-631\ nced r‘g some fvnm Af nuo. n?"’vv';i‘"d ?'M‘e; ﬁen J;" An nn-n i‘...a\,_., smtang

in-a ferrite se ction; and finally te reconvert o linear polarizaticn with another quarter- ‘ X
) wave plate. We 505 a.:'ed that the phase <hill on transmission was different from that TG
— ohtaiséd on recegw_-u. 'I.‘}:i:;;:;v 4beé highly undesirabln in an antenna array. Mr. Siigmons
cf gur "":":.2;: suggested the 24484 an of the two 4'—' ~degiee ferrite rotaters whi ch piads the
unit bilateral, Figure 5 shows the Schematic of this phase shiffer which is an X-band model.
An explanation of the Operaaon of inis devite ig incliis ded i3 the progress repart article

- - m'er:txcned earlier. — - ‘ . s _— - s
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_ Ang)ther_ in_t.ere ting device that may have many appucations in scamgigg_ ;a_n_tennas is
the movable ferrite siot. Imagiue a ua‘.radiatir% siGt ¢ut in a section. }i Qgi‘culw wave-
guids in an arrargeément similar to Figufe 7. Piicing a cyiindrical :

5 ) o center of this mvcg\iide section wiil not ;materially affect the radiahné; nropez:.',ies ef ﬂ*
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128 - . FERRITES AT MICRO -ma;vﬂss CONFIDENTIAL

slot, Howe‘ve-, iﬁ an axial fie 2ld is applied to this section of ‘guide, the #old in the giide is
rotated ;,.nd the. 10 ah be made to radiate. Tests were: -confucted on the section of guide
shown in Figure 8, The coupling loss was about 0.5 db whereas the decoupling in the unac-
tivated position was 30 db.or greater, An array of slot 's such ags this one can be placed at
the focus of any reflecior or lens to présent a movable point source to the co]e(:uve thus,

the beam gs scanneunlectroniuady. Such 2 u:nt i& under :aCVe;opmenu.-her4, 4t NRL.

alirg-typé switches and

Another m‘é‘v‘iﬁg’ pc.r: ssu _ 2 dnly L
_iwo-mode transducers similar to the one shuwn i re 9 If the vnt ch is placeu in
front of the transdvecr, power can be switch o the other qimpl" By
placing a sgaie Fave. cf current on the solei pid pped a; our.d the switch, Ifa ,......be'r.
of these siemienis ave dascaded; we- ob;ain *he équ ivalem .of the organ-pipe scanner. Sﬂcfa-
an arrangement is shown in Figure 10, Zne enexvgy is switched consecutively from Norns

i to 5 by actuating the switchés in the same order. The dead time wiil be neghgible, since

gf g\ude shc";i_ n
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s T S S S CONTID ﬁmAL.'f,.

SECURITY I .LUP“P' HPIOH

o e -y'c-n__'rf‘pl-—-.l-. T D WS

5 i et SR Pasid Sl "\"}l
Foro o ety BaAs 2 S e T L
T F é;k%"“’mé mm us- \‘nu@i-—a i, mu.gxg:‘: ey .»:;. ‘bw,rw ‘M

1A, TBY o th*wm

-k <2 .

o * e ea

el T oS et b il 2

;
{-

A

.
PN
W ok,

i
i

bt ool

i
I

i

5 Mg

Ezaton VT m\

-—B‘-v—



e
DY
w0

CONEIDENTIAL GHAIT ANDSAKIOTIS

s : ¥ i i ‘:II\ L !
. . N l, 1 Ji :‘.\- l
_SEQUENTIAL LOBING ¢ L2 )N =
- —i _ ) SW";{CH' S - - . / 0 I . -
. '._:”
' \
X
AN ) -
v AN
MOVINC POINT SOURCE COSECANT —PENCIL BEAM
Figure 10 - Various apphcatxons ut1hzmb uths-type swrtc;m:s and iwosmode
- transducers
R the switching time x:afa he made one minr enccnd or less. On this sama side are illustrated
some sihst 9“,’1:\,3* ng of the ferrite switch. T Giarizat pidperties of the
fertite éan be used to rotate the mié:rization i n; thus the
antenna bea.m is s,i‘ *sgex_‘i iz om & pem.ii-s:»eam .
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We have used de fieldes obtain ew tusns of wire through witich we

passed very high curzents.,
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mat would expizin the avse of your ai ficulties. o

m regard to your waveg‘mde swiuh—as you change thn poh::v of the mag-
netic field, doeb that change the pclarizatxon of the output wave?

Yes, 2; we go from zero current saturation curr ent tl'e .avizata n is

changed, : : -~

Thén you -mixét have high‘ ati nuat ion at 2 ZEero Curr E“Tt level?

No; oot necessarily. That depends on the type and shape of the sample.

Mr. J. P. Alien of NRL developed a circuit in which he used an early model
of the Luhrs switch with high loss at zero -current (about 2 db). He was able
to actuate the switch &t all t{imes and so had little ioss.

ompletsly cancel one sense of poiarization 8o
that there is 2 net 3=db loss ¥

(Mr. Chait used a slidé 1o show that no loss of this type was necessary.)

‘The switch ¢ha i &6 ihe polar rigation £ ITom verticaa s horiZontal, i Fouw hav

the means of couplmg out either polarization there will bé no loss.

cp,

Ve oA

What materials had been found ugeful in this investigation?

The particular ma,teria' depended on the

applica tic.".f r whicn it vz

iggn matev-xal You have-found?

T-do not think any ons material siBRAS out over any o
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z The re*:!**‘* pment has iong existed for a microwave switch capakle of higher operating

: speeds than tacse realizable with conventional mechanical devices. Electrical devices ¢an

i meet'%he réguirement for higher 5peéds, This paper dsscribes pr4=1iminary investigations

of a switch w}uch opema‘tes the principle of chanﬁing electricauy thé propagation prop- ]
i erties of wavegnides, This is achieved by varylig with anextcinally applied magnetic 4
fiem the electrical propertics of a Section of mavem'*de cant...m“.g a ‘erremag*e‘ic- selii- £
: conquctiﬁg tnaterial — namely, a ferrite. . - i

The Faraday magneto-optic effect * has boen investigated in 1 the microwave region by .
| the usé€ of ferrites as the optically active maierial (1, 2). (& Faraday switch has recemly

‘beconie available commerdially (3).) The switch réporiéd herein doés not use tne Faraday
effect Which depends upon magnetically induced anisciropic properties of materials. Instead,
the electrical constants of ferrite materials are changed by the application of an external
magnetie field, Miller (4) has applied {his technigue ¢ suspensions of carbonyl iron pow-
der in polystyrené, Tue use of ferrites instead.of carbonyl iron is mich more desirable,
however, because 0f the relatively Tiigh 1088 of thé carbonyl irén Suspensions. More recentily
Reggia (5) fias used the effect of magne’z;; ﬁelds on fermteq to control £he attenuatien in

= a coaxial transmiSsion li_ne. - -
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The obsez:vations to be xeucrteu u:gre_ nade 2t 9430 Me i stdndard Hasband waves
The viavcguide components consisted of 2 2K25 kiys "'dn, an attemuator=strip lo

section, and a tunable bolometer mount, Rectangulax piefes of fErtite raaterial weie. nssobed
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o The sropertleq of the ferrite materials used in this *nveqtzg"t.ion ..,::e summ -'n
.. - .. . inTabie 1:

o . TAB ?_E i
{ - - LT PI'ODEI‘tIEb m r ite Matexr.als
: N D i e - 2 e =
Y- - Ferrite _Bo _f  gauss _ M A €
L T Tl Stanmnd. ﬁx:g=§q ~; ""f{é f" ; - . _\n*m\ _ nar :n o0’ Tin1 4+ 1 an
; - g SERATC AT=0=as & v vy Vest = § Ugvsr EWex = g ekhh
! - 1 Steward ¥-$2-8- 300 1 300 0.64 - j 0.02 12,1 - 3 0:84
|SRINIOFe,Qs | 8 4§ == . 0&z-30.00 - 10.36.

i
5
4
¢

ment a e by Biri:é .(5}; 'A ..,boraterv Co-fez:rite was al 0 L:.:e(i bu_t _;0 eﬁeu. was c‘)se ‘?J,i,éd,
pon ai ’p‘ ca&.en of 4 magnetic fidid, S -

,{‘

first magnetic f:eld pv:vla,r.zahnn at‘empi. d was in the longitudinal direction, that
is, tlw diréction paraiies.ing the prorzgation, Aa effect for this orientation wounld correspond
to the Faraday sffect,  With this polarisation no significant change was shserved in thé

trangmission p:':;pcr..it.é m‘ the lerrites, However, 2 view of the large effe i found fof
G 7 & 1=

nrnm- mnmuzr“v b3 Wil A¥ = X! SRS
Y resTa et penzw -3 VA ~RaN S ST e msu;- i WAL mu_y vmu-, L i T

obscured because the flux den :sity within the sample is much lower, relatively, than that

for other maghetic pcvlarizauans. There are two reéasons for this. In the case of a longi-
tudinal field, the wagnet poie picces must be removed to allow insertion of the waveguide.
This resuits in 2 considerable reduction in flux avaulable to the sample. ¥ arther, for this
puurmation, the- sampl@ cross section is thal ¢f the waveguide, whereas f_g_r the other poL'ar -

izaticns the cro section involves the much .smauer sample thi...knesg. A combination of

these conditions :."a ‘{arg e reduction of the fiux density 4Vauame ‘.s.. the sampic unm:r
Jn‘?ﬁlddl-‘dl ' —- . .

AL AR LS5 - N - . P, - emea S -

More deImJte expenme'ﬂ«l resuits were: obtained with the transve »Se polarizations..

Consic r tm, apphed magnetio:- fieid parallel with the electric £ igld. Figure 1 shows tbe
ansmission i varying, the intensity oi ine magnetzing &

bi.ity fermes. Tho samnle _lengtns ars a'mnst equal
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H | if tfansverse H-fieldi-samples have ~ = i /" e ) 5

: nearly the same lengit ' 2 N
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Figure 2 - Trans,_mi‘fssio‘n‘ of ferrites
in transverse H-figld-—showing the
_ _eéfiect of changing sample thickness
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' ater interest is the asymmetrv of tllji }ransrmssmn loss c"v'w' shown m i"g- o L
Roviy i 6 give guifs ncrmal results; the other shows fronounced =
erim pos_gd on tha eeneral shape of the curve, N‘o indisation of the presenpe
s.ponses has béen found in reilection Mmeasurements of these matz ria‘..,,'f i

3

i3 mamat tz\er oe concluded that these are resonance ibborptmns. Since La=°“\
cannot-cause thes _e pa::ticular cresponges, it is. tentative;,y ueuﬁ\f&u" at thesé
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expl.uned by dimensional_resonances si milar_

'
'
1
_s byt
1 T, ik

W RN T N DO

i

-k
E@#m&ﬂﬂiﬁuﬁfnﬁﬁﬁmwﬁim&b&%’

T

Ti" ..en the gransve. se magnetic f;.
perpencucuz;-f 10 the mv-mms_;. field,
g 3 presents these rem TH

CECLL W ARLDI, S BT

TR SNIYY

‘he EHEHE ..tiaon :
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Thn insertion loss of the sample wi.tho'u+ field is mdicated oil tne fapproprmte curve.
)

i ‘tion losses shoulu be expected since nc effort h\cl been made tH inateh the . S8

uples intc the waveéguids.. .’", 18 :;c, % g‘ changn in thickmess is also shown in this ... . T T%
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. [§ e e e s ————— general shape of these curves is probably

Baps LE glipe due 0 the efiect of the steady magnetic field ]
/- ' ] -23 20 08y ‘on the ineremental germeability of the mats-
: = y . rial., At saturation this value would be =
. =2 |- / , unity, and thé magnetic oehavmr of the
} ¥ = | / - . _f:” 9 = material then approaches that of free spa
) 3 / : Thc dielectric properties of the ferrite
' = i 4 - must also be considered; they are :esg.tsn-
. x / / sible for deviations from free-sp pace {loss- h
= 2 F-$-8% -i3 5B} fres) bmavigr.
N e e T ]
‘ gl .. !-; o l —— The experimentul results px'esented
] : 100 200 . “here were all taken on dem_agneu_zed Samples
i MASMETIZING  CURRENT (MA) and are analogous to normsl magnetization
Figure 3 = Transmis sion of ferrites curves. Hysteresis effects were evident,
in t¥ansverse H-field-iransverse . but for the sake of simpiimty ‘they have not
- thagnetic €izld rotated 90 -degrees been indicated in the data. E
i 1t wiist be emphasized that thése gre preliminary cxperimental reaalta ana inter- 1%
o pretations. Firther investigation will be conducted to determine reflection m‘dpefties. i
) electrical length {chase shift), the effzcts of aliernating magnetic fields, and the suitabil- .
ity of other ferrite materials, Any gener.a.l explan‘mon of the behavior of ferrites under
) ihe i-xfluence of & magnetic ficld in waveégiides which are propagating microwave radia- _
tion requirés considerable investigation into the hehavior of the figld équations, Only
racentiy has any work been done cn this problem (8). '
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136 . FERRITES FOR MICRQWAVE SWIT CHES CONE mEN’nAL 3
T : DISCUSSION - - C e T T T
¢ forrites used ? o
- - > -8
e = - ) ;3.'
S .= _\__ _ ~ - - - 7-- :{é
2,0 i 3
An ‘__‘,c:;;cn:—""‘f‘“ﬁét ¢or ent. S ) 8 . - ]!
TUEE ] . . 7 . 7 i 1
Rado: In regard to the questwn oi anisotropy, there are two rélated effects present. i
(RL) In one rase vou are deazling with an artificially produced anisotropy due to 4
: ) the external de field, which is strong enough in some .cases 0 Gvercome 5
; .- - - - externsl ﬁnfmfmnyr In-the cases which you have discussed, itis possﬂ)le '7
A i that the iniernal anisotropy is the stronger. }aamv of these difficultiss arise 7
P ) £rom the fact that the waveguide problem has not yet been solved=unless ;ﬁ
! . o ~ Dr, Kaies has soL_ved them in the meantime, Bécause of the dlmex sional _ E
_resonanées it is difficult to interpret the data which you have when the de s
L o " tieid is at right angles to the ac magnetic ‘iﬁid This is a difficulty which £
i ) exists over and above the mode pror-er*iea. Iz the case of your second experi- ;
k ) meent in which the de fieid was paraliel to 53 ac "‘“1&, yoi are probably 3
| saturating the material; in which case iie incremental premeability is reduced, 3

and consequently the losses are reduced and the transmission increaséd,
The loss which is left will be determined entirely by the disiectric constani.

| ) . C T = 3
! ~ Anderson: Those were my im essions azactly, . 5
Y } },ﬂ{ay Task why YOUE EXpes ;e symmetr‘y in the asymmetrical curves? ) i
i . il L P L T o L - .. . B
i T R - : S —-. . STs T4
R __An@ggégﬁ; I-dc rot be‘ieve you sbeulc’n expect an, appreciable asynmetry in regard to the l
i - . o
) .4
.

: w4
[ T

-'3 - ’_. ;Ig
“— = '_- .\‘i
| - 4
b ‘
4
[
3
i
1 :
}g T “ - T U CONFIDENTIAL -
1 - o T SECURITY NFORMATION. \ H
'é “ ' ' | :
g b-
I R
:

- ;ﬁ__,f«a g = B '—.:::4"‘3‘“ S - "R';_v‘» ’vg;ﬁ:tﬁ ﬁﬁ:m
&ﬁiﬁi’:' LE’ E{ - 7-7 “* :ds:ﬁm* ZEI&‘.
e B T AES 0L 7 et



] i )
i i
. . — N
| == ~ . 5 :
' - o £ 5 Hg
. CONFIDENTIAL . N ‘ : :
| , - N ) =
] e N S
o = , - } g

[ B - : ) . o i
& S : IS L ' . . Lo

|

|

|

i.

. - . ror e i
AR i e Cel e i

H N - F : N . B o
'i ) ; w - ‘ o - . "

i = —E— i e

{ z

L
TND wT

- - ~ mTROLUCTION. - - , Ce= LT = .

p PET {0 aescrwe i?.e work done by and ilso that yponsored

iw

1t is th2 purpose of thi

. :

by the Missile Development Division of the Nationzl Bureau.of S\ta*ndards on ¥-hand angd .

7 _ Iovs:-lqve'i ~lectronic switchés suitabie for use in h.ﬁ.gh-spe 2d ante:r.na lobing. Thetheee .
B t_}{?es @; ‘sthches considered i in'this. paper are snown in Figur-:— LY. T : ’
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The first of these is the X 70«14 cnmmm—m\,. switch and. TE tube. This tube is the
Omg’mwth of a suggestion made by MIT in 1945 angd followed up by the Navai Research
Lavoratory (i), The suggéstonwasthata 1824 TRiubes might be modified i by increasing
) fhe interaction of the keep-alive electrode with the (alectromagnetxc ;ield, in the cavity aa
g L sould he, Lzed 2lsdas & micrcwave switch, bv"'I m’te £his proposal, a tube was . .
made by.Sylvaniz w ..hzch demonstrated the feasibiliiy of the .dea During ihe ladt Jow yYears,
the Natxom.!; Buredu of Standards kas sponsored and actively participated in developmenial
WoFK on ihe tube. This work, tcgether with the specifications which have % ‘beén s&l up for .
the iube and thebarformance which has been obtameci to-Gate, are desgeribed briefly.  In
addifion, & brief discussion is given.of a radar in which :h.—*; ¥ 47 is used for antenna

lobing. . - - ) _ , - . o

Fof

|
TR P

rbal G P Bl

SN

Be!'ause ofi difﬁcmties encoumered in the devempmem of the 1{7047 and because of &
desire to have a tube which woz.l«, opsrate over a grea.er bandwidin, work was st arted on
thé X208A, The initizl Work on this tube was. doné b v Federal Telecommunication
Laborsiories, 2nd it is now undergoing further aevomoment in the NBS Tube Laboratory.
‘I‘his 1s a switch enly; wher e TR action is rejaired, it musi be obiained by o sepa:ate ‘tube.

L JL flf'l e

n

Thej

K meéais of

L in and wor kinu .on this type of
3
‘&

B obtained Yy NBS to date are

atxon switch, in which the switcning action is produced by
magnstized ferriie gure, Several other laboraiories are known L to be interested
vm: E‘ _and cor*sequently a short summary of ihie resulis
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THE X7047 COMBINATION TR AND SWITCH TUBE

caft s

b AL g3

After prelimi ATy WOrk paa' been done on this tube, 2 specification was drawn up
incorporating the perfo-mance features which were considered to be both desirable aud
p;‘seibie (2) Brief lv.:,ﬂm reguirementsarethat the fube must nave a low insertion losz

Hon ldnn mr-imnr 154 go reflenﬁgn rather than tc absny inn\ \:mex_l gSwitched, )
ief % s, & ppropriate to gosd T-.
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nd -other. characterictié 5
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g5citative Tequirements, from the gpagifica-

e

Bt Vgt
i

o2

ﬁiid.uO'l

ories-(£), numerou variatxc.x,, in construcdon, o nd prot:e:s:::z were :riea,-: _
fow ;tu_‘pgc" wire poduce] whu,h raﬁilled .au of the T eogi ements. However, most ot th¢=m
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have bee't clnt’ogem in sote Tespect, The most persistent shortcommg his Gésn failuse
10 meet the attenuation and recovery ume reqL-remﬂnts Jor a pericd of iGG nours. This
_ 18 caused primarily by thé interaction 2f the tube electrodes with the {ill gas during the
-mschax:e’a, This interaction has two efie-cts. First, it changes the composition of the fill
and ardifarily results in decreased sttenvation and larger recovery time. Second; i

dges tne ;ermation of a ..wprs*t vn the cathode wnicn alte"s the ‘mm.dancn characl‘«exiqfics. .

e ¢ e e e e e = o e e i

Un ..o Jusie ‘9<.L ; 1'11'-3 de at f"musnt‘y was of a cox*dz.dlmg fsture smﬁ shovte )
: circusted the attenmator e?.wt. ode {cathode) to the surrounding copper vone About this
. o tims, a §§g§,y of the pr"b“.m was undertaken by the NBS Tube Lahoratery (5) It was
found inui the f!an*‘_r::'ation of the cathod° was enhanced by glow to avc transitions cfihe
dischaige, duriag which smail bits of the ¢athode were melted and oxidizéds. F
study sShowed that this effect was much i 1e S prevalent when the cathode was made

,_.staz;\lgss steel instead oi kovar, as was then the case. i

TN

“Thé Suggested change in cathode material was made, and the cccurrence of short
cireuits was almost completely eliminated. However, another di.(ﬁeulty due to the formsa-
tion of cathodé deposits was encountered. In this case€, the cathode was found to be partly
‘covered with a -ganconductmg ‘deposit which lim ited its effective area.and forced ihe
discharge farther into the abhcrmal sluW regir::.-;, thus inc:easing the potential difference ~
required to maintain a fiXed current in the tuba., In extreme cases; the dls_chargp could
" 0ot be initiated by the available voltage. Recently this trouble has JazEsly Gis: ppeared
due presumably {6 small dimiénsicnal und procsssing changes v:lﬁch '*r-'ve Inhibitad the
foé mA*mn nf the cathode deposits ’

L]

The NBS Tube Laoora*cry 1s COlul ni ng =='or‘ on the § zda entals of this problem,
1 i S pa ris of the glmv discharge in
175 uui.icim att‘enum;'uu, uxuuldj.ng aftemyts ta -d..t.. ..ﬂ.‘:e eleet—;!cn températur e and d :‘1 ity

J
ATEe DY Proue meabaremem tecnm.ques. This Work is expeécied io coiitd Fibute.
to b tter periormance of future tubes. IMeanwhile it is impor aut to summarize the

- o govrnrmannn _urhinh ie rnwgronﬂv .hn;”ih_g :%fgiﬂ\d-, N

&

Teen male 8L UL T som teiiip_éi‘ature (250 C) &nd at higher )
{ ountered wh,n Qpnrgimg ;ne tunes in an eﬁ m,.,ed Space

; 0
Jnlc ,f.,umporxents (da L , u"-r emmpxe}.

dﬁfflrentlprbda

.vlvvéA,,,

—:{ig _G;Tua .
2 ! is. mm,.

{o
2 l'l, and u é - ,“ 3
A eleqtroae‘ ha., et el:minate‘., since

fu-m the switching procéss, af least xf the abef ar swztc‘xea at a frequenc:y of 1000 crs
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he men-.ioxiéd‘ in ¢onciuding the discussion of‘ the X7047 tu.a.' on i re'r'ent *rip

n. mx;-‘.?,‘.‘.iﬁ

to England z survsy of &».i'ﬁsh “'R aw qmtch tube 2zyélopment yieiﬁrﬂa ro inform=1don.

that a tube which will ou erforie die X7GaT existed. Howeve;,twomc& of possible Muture
Jiinprovément were ;Sug;TPStcd that.of semaratmg the TR and sWit'ching ﬁunc" $18.80. tnat '
eac‘x may wadsrgo optimum-develdpment indenandently, as is ‘2lréady betug done in the
%2034, deserib ed in the ;cllcmng section; and thai of utm.,ing a Harg: 'o‘lul red; mm—
_plated cavi _wyith an active gas fill. This; it is felt, would Almost CEFtainiT FoSUIE I dn.
*mp'ovement, but it wouldbe a- m"mf' aevelepmenm task. - Rn a—eePee

A Tadar systemr in wmch uxe X147 is used o nroduce high-speed lobing of the antenna
.has. heen deveioped by the ¥o8 Missile Deveiopment Divlsxon, The microwave portion of
tiiis radar is showh Schematically in Figure 4. As may be seen from the figure, the

rizgnetren power cutput is divided inio two equal parts and goes through =-=pa; ate dhplexe*s

to ihé antenna feeds. Both X 7047 tubes are fired by thé magnéiron rulse and then behave
as-ordiigry TR tubes. Sinece the twe feéds are disposed symmetrically o the ieft .;uxﬁ

right of the antenna focus, the transmitted power is beanred Straight ahead.

. ) S : .~ Parabolic .
- - . reflector /
I _ : 4
. , y ;
- - —— Y
o oo -
From = - i
= fmodulats \

~ ne horm eds mus‘ be: placod rather o

ally uused beam qebargﬂu
_ﬁmity may

c,f -.h_e. a_rz-.er*'"
fhe ti rpr’;

%
’!"h&

iaticn. This c:.mpl.n may be
rip . placed baty et - the fwo fesds
btained 3

ct the bnane

s A
und "cu feed is rf‘)le\;l tod "“"’

e rs.:.stwe @t**n 11 4.'_‘.92»:!‘31-257
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ring threshold of the k'is}*‘* is. apprmdmately egual 1o its leakage p’“vm‘ ag a2 TR

The fir

t‘ibe alsout 30 mw, A"cordfu'gly, it is not useu for high-le«vei switchmg.

w ireu-xem.y of 15% ups hdg beeiiused extenazvezv. The mammam smtchmg

h“elmeﬂcy and-the possibie- -exiect on fibe: e of incre..sed switcm freguency has met been
) investigated ¢afefuliy. Inznother apeication ke tibe has hesn used'to gpaula,te afm_ﬁc":‘- -
wave sigfal with modulaticn freaugncnw as pigh as 1 megacvele. At this fregucucy, hows
e?e:, the modulation percentage is ,“ﬂi-.-.--i 3::3 .b * c overy time of the tube. In an;y event,
it appears that the hibhest switchang frequencies to b@ «=neomter=d in fadar practice
mae Jbeused. _ S : -

BTN CT-T 72 A T ;zcz-\afg*"- R TP Ay e

S

i Due yartly to the difxiculties encounte"ed with the X7047 and rtly io the decire fora

: fube which would operate without adjustment over & wider fange nf fréquencies; NBS

& inftiated in 1949 a2 switch-tube development contract with Federal Telecommunication

B I."moratsriﬁs. Beéause thé current reduired for a.given attenustion increases with the

> bandwiﬂ’%:h of the tube, a differént schéme of Switching had to be deviced in order 4o c‘.:"“"

\ the Téquired attenuation with the power which was available for switchng. Since dire 1
= information from the antznna is needed only from targets at a sélected range, ‘it is sn.ffici it
- o fire the switch tuke only at times €Orres oondmg o the *tﬁge of the de; r d target, Thus

¥ the switch nced be on only fo¥ intervals siighily longer ihan & Fadad puise. '

3 Two switch tubes designed for pulsed sporation were brought to the early develop-

= ental stage by FTi. One of tiirese, the X208B. consists of « 1B63A TR tube in which the

B pau* of cones not used for keep=alive aviion is r-aR"d with & dc dischasfge to produce

E a‘tténuatimi. Although this tube demonstrated suceessiully the principles involved; it

s appeare«s m bre mm'e comphﬂa d and of les:a imm sdiate interest than the other tube, 2né

% — "-. - i
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C1eg TWO-DIMEN 20 "L SCANKING.

'v.r‘j,’ and bilky, since lene dimensmn
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X ... 2 Possibiiity that the organ-pipe struclure might not be able to supply proper

: iliumination taper for the dens; since feed hovh size iS réstricted. Moditleation of organ-
= pipe structure wis suggested fo meet this ob 3-,- ction. Af 9. th lens mit?h be Joaded with

i_*nssi iiLy ihat apertare coupling. effects in urgan-pipe stracture maght be q,uz
{0 1€ i!lummahon. 'I‘here was no definit,e informatisn ava ‘.E.Smst:. on this .;am..
ds;termmed #xperimentaliy. -
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4. Possibility that the Ri 1or required would have excessively largs radius,
Perhaps several feet, Thiz & 5 -re_sﬁl-: d ifrom s misun erstardmg of the sonslrucs
iion and operation of the Ring Scm_ . The r2 \LE)
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6. The gquestion of MTI addition was raised. T}hs might require coinpensation for
the linear linn-]ength change which occurs in the Ring Scanner, but it agpeared to be
feasible.
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gifiersnt ievels tcv produx,e a tezevision scan. The proposa: was not applicable in this
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S W. F. Gabrisl .
- - Naval Research Laboratory i‘.
As a result of the Twc-;‘i‘i maf =*er:::l Scanning Conference, seme of t"me re relevant €
details of the “T¥* organ-pive scanmer refmireu for the proposed GCA jzs_em have been
considered and are presented herein {or the scruiiny of those who are u.'“; gresicd in s

specific probiem. .
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beamwidths 1 /3¢ i;: eievation by 3/4° in azimath. A “television?® ~ty2e sean is to beemployed s
in which the {rame repetition rate is 4 per second aad ihe puise repetition rate is 5000 per
sécend. ‘The numbsr of hits par target wouid theréfore be:
- 2600 1~nz 3
7 S x 585 . - 2
E 20x»x8x2 b g
AN h 9 =:
The froquancy of aperation is to be 2t X-bang, and the transmitier power required 12 120 . ;
kil cwaf's or 1¢= : i ) .
—c _ !
a3 For the gur'f se of mald ing cample calculations, et the om:rating frequency be fixed -
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Khowi . the chas. enzth and the dimeasions of the n detem.ine the iens
&

isng ¢a
can angies have been B difxed the over-3ll

PRy

[
Juminativa angles, In addition, siace the scan
xmensions of the St,aexwa crgan~pIne ieed aperinre may Dé Tound, These guaniilies are
| uictested in Figwe 1, I will be noted that the apertiure line of th'e organ-pipe struciure
f . in the horiZontal plane is shown as an are.of 2 circle whose radins is the foeal length,
i This was done parily to vrx‘pli.\'y organ-pige line-iength adjustments and pa "“3' to aanform
! tc the best focus arg, aithough the latier factor will depend upon the type 6f lens wsed an
may reguire that a differént aperture iine be used for hest focus. :
, :
i The proposal for the organ-pipe siruc-
- ture is illustrated in Figures 2 and 5. It i,:‘
: _ to-consist of ten crgan-pipe levels separated
o f-i;y 4 Gistance of 1.3 inches; that is; sinsea
0RGA% PIPE i shift froin one level to the nzxt must produce :
AFERTURE '-“'57 il s beany shift of 1/2°; then the level separa- :
! AN tion i8: '
- tf:*_:!‘:_-,_:*: :-i _..'—r:-_-_:.—_-— . £ ol Yoviadl w dme 1 /90 =
'f"“"* '\\ T D03 80FWl X Al /2
SRR b T f41 % .00873 = 1.33 inches
. ~ S
‘ l " S 4 Thé téh 1evels are indicaied in Figube 2
: | ¥ [ {front view) partly by dashed lines and par Iy i
' e Y e 2o e ‘ i{; datail, tl._t_\mll“ be npf.ee_d in the detail por
~o - tion of the drdwing that the levéls are
“&\\\' il p—] e ey =Ly Hhia tuna
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 VERIICLE PLARE of construction was chosen because it per
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) - £adh 1ev ;‘J_e xi o4 oui fo the p .mu,w:"’ - .
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