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I 
"ItaiS invention 1Telaties to the Birt of foCUSSing 

Iadio and Silair WaWes, and Inore particularly to 
deViceS Of the type in Which the diferent parts 
?f a, WBWe iOInt alite Imade to folloW paths of such 
1eingth as to bring thern into phase at a, 1tocal 
DOlit. It iS knoWin that lenses, designed like 
thOSe USed fot Optical purposes, Imay be Used for 
iOCUSSing Iradio WaVes. Such lenses Imay be 
Imade Oi dielectitic Imaterial, Sulch aSparafin Wax. 
"Ille I0IIeSeiat inWeintion difers in that it contem 
plateS the ISe Of a, plurality of Conduits, for eX 
aInple WaVeguides oir trainSInissiola lines, ar 
Tainged to Chailge the Shape of a, Wave iront by 
aCCepting the WaVe eilergy at points lying in one 
1ine Or Sultiace and Iradiating the einergy itrom 
COtteSpoinding points lying in another line or 
SllitiaCe. TheSe Str11CiUITes exhibit the properties 
of lenses, Such as the ability to focus and form 
Images, bult Operate On principles SomeWhat 
diereint froll thOSe uSed in optiCal deWices. 
The inVention Will be deScribed With Ireference 

tio the aCCompanying Cita Wings, Wheteim: 
Figlite i is a, plaill WileW Of a, p0rtioll of B, foCU18 

Sing deWice Which embodies the preSe:Int inWen 
tion, 

Figuire 2 is a, Section of the deWice in IFigire 1 
takein in tile plaile deSiginated by the line 2-2 of 
Figuite 1, 

Figuite 3 is a SChermatic IrepreSentation of B, 
Imodification of the device of Figure 1, 

FigUIre 4 ShoWS SChei1atically a, fulithe: 10di 
ification of the deWice of Figuire 1, 
Figure 5 Shows a, device Similar to that of Eig 

UIre 3 bult eXteinded tio prowide tWo-dimensional 
imageS, 

Figure 6 is a, Iperspective Wiew of a, focussing 
deWice COilStrticted in BCCOrdainCe Wita the in 
Staint inWeintioin, USing holloW WaWeguides, and 

IFigUIre 7 is a, IperSpectiWe Wiew of a, deWice like 
that of Figulte 6 but of Slightly difetent deSigia. 
The deWice illustrated in Figultes 1 and 2 is for 

iOCUSSing WaWes guided betWeen pairallel C011 
dulctiWe SheetS. IBoth the Upper and loWer Sheets 

| and 3 IeSpectiWely are Shown in IFigulte 2. IIm 
Figure 1 the Upper Sheet is ormitted to 1teWeal the 
StructUIte. A plitltality of Irod-like ailiteinina, ele 
Iments: 5 are disposed in a, Circular aTC eXte:Inding 
BCiross the Sheet) 3. The 1rods 5 eXteld 8pproxi 
Imately oine-quarter WaVeleingth fron the surface 
of the Sheet 3, and are SpaCed aloing the arC at 
equal interWals of abolit one-half WaWelength. 
A Second groUp of anteinina, elements T iS 

arranged Similarly aloing another Circular airc, at 
half WaWelength interWalS. "The elements TI are 
equal in Inumber to the elements 5, and each ele 
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Illent II is Comilected to a, Correspoinding one of 
the eleineltiS5 by a, IeSpeCliWe tranSmission line 
9. "I'lle liaeS 9 aire al of tile Saile leingtia, or all 
haWe the Saile eiectiWe OI electriCal leingth on B, 
WaWeleingth SCale for the ellergy propagated 
therethroughl. 
ReiectiOS II I and 13 aire proWided betWeen the 

1TOWS Of aintellinaS 5 and T. "The Ireiector I f is 
CUITVed SubStailtially like tile airCaloing Which the 
ainteiniaaS 5 ate diSpOSed, arld is located about 
One-quarter WaVeleingth aWay itorn it. The re 
iectiO1 ||3 COTreSpOldS in Sinape to the ard de 
ined by the aliteiniaS II, Bild lies aboult Oile 
Cularter WaWeleingill outiSide Said aTC. . 
The IradillS Of the airC iOtimed by the BinteminaS 

5 is approximately tWice that of the antennas I. 
A ifurther antemina, 15 iSprowided at a point Which 
is appitOXimately Oil tile CirCle CitaWin through 
anterlinBS T. "The ainteilina, 15 is Cominected by B, 
tranSimiSSion line II to B, Ultilization deVice SUICh 
BS B, tramSInitter O1 B, 1eCeiWei, Ilot ShiOWil. 
The Operatiola Of the deSCiribed deWice is Sub 

Staintially BS iOlOWS: Stipp0Se a, plaine WaVe, SUICh 
BS that from a distaint SOUICe, to be artiving from 
the left of Figuire 1. A phase iTOInt, OI line of 
points of equal phase, in Sulch a WaWeis a straight 
line perpendiCular t0 the direction of traWel. 
AIny partiCulair Iphase iTOInt arriWes ist at the 
CentTal aliatemillaS 5, aild I0IOgireSSiWelly later at the 
others, Ireaching Iinaly the ouiteri10st of the 
anteranaS 5. The phaSes at the aInteillas II lag 
those at the COttespoilding anteilmaS 5 by equal 
Brmounts, SimCe the lines 9 aire of egital leingthS. 
Thus the excitations of the antemillas Tare pro 
gressively inore lagging, going iO1 the Center 
to the Outside of the group. 
The 1teSUltaint phase froint forialed by Iradiation 

from the antenImas T is CurVed With a, 1Tadius 2R, 
Where R, is the IradillS Of CUIt Wature of the l0CUS 
of the ainteminas T and 2R is the Iradius of the 
1ocus of the ainteminaS 5. The Ceinter Of CutVB 
ture of this phase itoint iS at the anteinina, 15, So 
that Substaintially al of the energy picked up by 
the ainteimaS 5 aitiWes im. 1phase at the 
antemina, 15. 
The device also operates for transmission; if 

the aintem1a, I5 is Supplied Witil energy ifton a, 
SOUIrce Comilected to the lille IT, the portion of 
the Iresulting Circulat WaWe front Which strikes 
the anternmas T is ComWerted to a, plane Wave 
traWelling tio the left; ftom the antennas 5. 
The USes aTe 11ot linited to COInVersion betWeen 

B, plane WaWe Bind a, CurWed WaWe of 1radius 2R. 
As in optical lens Systems, a, Wave front of one 
curvature Imay be conwerted to one of a diferent 
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CUIWature. The distaince 2R 1may be Considered 
as the foCal length IF of the System1. A Waye 
ftOInt of any 1adius Ra artiving at one IroW of 
ainteminas is 1adiated fromil the other IroW as a 
WaWe front of Iradius Rib, Where Ra and Ribate 
1telated as follOWS: 

1 , 1. 1 
?+?= 

Preferably the System Should be arranged So 
that the Waye front of greater Iradius Should be 
aSSCCiated With the anteminas 5, in Order to Imini 
1nize Biberratio1. 
The invention is mot restificted to the particu 

1ar dimensional relationships showin in Figure 1. 
IPOI eXample, as ShoWrl Schermatically in IFigure 
3, one IroW of anteminas 2I may be disposed Bt 
equal interWals along a, Straight line, and COIn 
1nected by equal-length lines 23 to corifespoinding 
antennas 25 Which, 1ie on an arc of 1radius R. 
In this example, the anteihinas aire placed at egual 
intervals fromm the axis 2T istead of equai in 
terVals along the aTC. 

The device of Figure 3 exhibits substantially 
the same characteristics as that of Egure 1, 
with the exception thatit focallength SR Irather 
than 2R. The focal line, which is the locus of 
focal points for plane Waves artiving at the an 
tennas 21 at vatious angles to the axis 2T, is 
curved, as indicated by the diash ine 29 in Fig 
ure3. This efect is analogous to that of Curval 
ture of the field in optical systems. 
In the systern of Eigure 4, the antennal ele 

ments 3I are located at ectial intervalis aloing a 
straight, 1ine, 1ike the elements 21 in Figure 3. 
Elements 35 are arranged along an arc of Iral 
dius R, 1ike the elements 25 of Figure 3, and 
are connected to the corresponding elements 
3 by 1ines 33. The distance of the elements 35 
from the axis is however, 1/in times that of the 
corresponding elerments 31. - 
The structure of Figure 4 operates as a, 1ens 

of focal length R, 1ike the device of Figure 3. 
In addition, it Thas the property of multiplying 
any deviatioth of the direction of travel of a, Wave 
by the factor in or 1/n, depending upon Whethet 
the Wave goes fom left; toright or from right tio 
1eft in Figure 4. ?This function is particularly 
useful in devices for scanihing, Where it is de 
sirable to have a short focal 1eingth to minimize 
the dimensions of the apiaratus, and yet a, 1age 
aperture to inize the bearia Width, AlSO, for 
direction finding it is coiverieit to have the aill 
gular positioin of an aiteiria device, Such as a, 
horn 4, chaige by a factor of approximatelyni) 
where the position of a,argétimoves through ain 
aingle 6). - 
The devices thus far desdribed are al intended 

for operation with eriergy Confined to Substai 
tially a, single plane, suchTas the Space betWeen 
the upper aid Iower sheets I and 3 in Figuite 2, 
and the wave fronts may be tegarded as lines. 
When propagation occuts in mote or 1ess uncon 
.fined space, the Wave fronts are genetally SUI 
faces, Irather than 1ines. Sulch WaVes Calin be 
handled by structures analogous to thOSe Of Fig 
ures 1,3 and 4, but extended in another dialen 
S10:1, 

Referring to Figure 5, a, 1plurality of anterinas 
43 are distributed uniformily Inear the surface of 
a flat refector 45. Each antenna, 43 is con 
Inected through a, line 49 to a, CorreSpoinding One 
of a group of antennas 4T, disposed adjacent a, 
spherical refector 51. The 1iles 49 are all of 
the same electrical leingth, -- 
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4 
The device of Figure 5 is analogous to that of 

IEigure 3, and each elementary 1toW of 8Interamas 
functions like the StrulCture of FigUIre 3. The 
complete Structure Will accept a, Wave front in 
the forin of a, Surface of One CUITVature aind de 
liver a, Wave front Whose surface is of a, diferent 
curvature. The focal 1ength of the device, con 
sidered as a, 1ens, is egual to the radius of cur 
vatuire of the Irefector 51. It Will be apparent 
Without further discussion that Similar ainalogies 
exist for the deWices of Figures 1 and 3. 

Referiting to Figure 6, a, 1mumber of WaVeguides 
areassembled so that their openings at one end 
form straight, 1ie 63, while the other ends form 
a euived lie 65. The Waveguides 6I are of equal 
1engths, so that a rectilinear Wave front striking 
the liae 63 produces a, curved Wave front at the 
1ine 65, bringing energy to a, focus at the center 
of ativatuire of the line 65. 

IFigure 7 shows a structure difering from that 
of Figure 6 onity in that the waveguides 6T, are 
Curved back So that emergy passing through the 
devices coitinues in the same general direction 
instead of traveling back toward the source. 
The electrical chafacteristics of the device of 
Figure 7 aire substantially identical With those 
of the structure of Figure 3. The 1ouths or 
openings of the Waveguides furictionas anteinas, 
and the Wayeguides actastransmission ines. 
The piroportions Which have beein givein in this 

discussion are those of Iradio Wave foctising de 
wices which have 1ow aberration, even for points 
at considerable distaide foria the optic axiS. For 
somepurposes itismot inecessaity to 1meet this re 
guirement, and othet radi ot shapes may be 
ised for the stiffaces oin Whith the Wave colect 
ing and radiating elements are placed., The 
foidal IEingth F of the diewice Imay thein be found 
froia the folowig formula): 

Wheire R1 and R2 Bire the radi of the tWo stir 
faces. 
Iclain as iny invention: 
1. Asysteih forfocussing adiant energy, com 

pifising a lutaity of Wavecoilectibrelemerits dis 
posed at substaIntially equally Spaced poits C1 
a stirface, a reector positioined With Said Col 
1ector elements between it and the source of 
the indident energy to be focused, a piurality 
of radiator eleileis disposet at substantially 
ettlaily spaced Girits oin a Secoind Slitiface, a 
Secoind iteiectorpositioned With Said 1adiatioir ele 
ments between it and the place toward Which 
the energy is to be radiated by said1adiator ele 
iments,at leastoie of said surfaces being curved, 
and respectivelyseparate andindependent 11earis 
coinectig each of said coilector ineams Which 
occupies a posiohoin said fist surface to the 
oine arid only one of sid iradiato Zielis Which 
occtipies the colifirespoiding position oin Said Sec 
oidisurface, said coinectingmeansbeing ofegital 
efective electrical 1engths whereby saidenergy 
is focused by said radiatiot eleimeits. 
2. A systen for focussingralialitteinergy, coh 

prisinga plurality of wave collectorelethents dis 
posed at substaintially equal intervals along a 
ine, a, 1tefector positioined With Said "collector 
elements between it and the Souirce of the inci 
dent energy to be focused, a pluraity ofradiator 
elements disposed at substaritially equal inter 
vals along a second line, asecond refectorposi 
tioned with said radiator elemerits between it 
äid the place toward Which the efiegy i8 to be 
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1radiated by Said Iradiator elements, at 1east one 
of Said lines being CUTVed, and Irespectively Sep 
arate and independent Imeans Colininecting eaCll 
Of Said Collector means Which oCCupies a posi 
tion along Said first line to the One and Oly Oile 
of Said Iradiatiot meams Which occupies the corre 
Sponding position aloing Said Second line, Said 
Cominecting Ilealins being of equal efectiVe eleC 
trical 1eingths Whereby Said energy is focused 
by Said IradiatiO1 elermentS. 

3. A Systeia for focussing Iradiant energy, COIm 
priSing a, 1plurality of Wave Collector elements diS 
posed at Substantially equal intervals along a 
line, a, 1tefiector positioned With Said Collector 
eleilheints betWeern it BInd the Sourde Of the iTaCi 
dent energy to be focused, a plurality of Iradiator 
eleiments disposed at Substantially equal inter 
WalSaloing a Second line, a, SeCOInd Irefector poSi 
tioned With Said radiator elements betWeern it and 
the place toWard Which the emergy is to be Itadi 
ated by Said tradiator eleralentS, SBid inte:ValS 
aliong Said Second lime being different froin those 
along Said ist line, at least orne Of Said lines lbe 
ing CUITVed, arld 11eanS COIninecting each Of Said 
Colector imeailS Which OCCupies a, 100Sition aloing 
Said iTSt; line to the Oile aind OInly Oile Of Said 
radiator means Which occupies the corresponding 
IpiOSitiO:1 aloing Said SeCOInd line, Said COTarlecting 
Imeans being of equal efective electrical leingths 
Whereby Said einergy is focused by Said 1adiat01 
elerneIntS. - 

4. A SySteria for foCUSSing 13diaint eilergy Con 
priSing a plultality of ellergy COlector Inealins at 
point defining a first SUrface, B, 1Teiectior pOSi 
tioned With Said Colector 11eams betWeem it Bild 
the Source of the incident ernergy to be focuse, 
8, plurality of Iradiator ImeanSat points defiraing 
a third Suitiface, a, SeCOInd Irefector positioned With 
Said Iradiator Irineans betWeen it and the place 
toWard Which the energy is to be Iradiated by 
Said Iradiator Illealins, 8t least O11e of Said fist aild 
third Surfa Ces being CLIVed, aind B, 1pluirality Of 
linear WaWe titanSiliSSion deWices, each Connect 
ing Oily One of Said Collector: 1mealins On Said first 
SulfBCe to OInly Orae Of Said 1adiat01 11eans Bit B 
CO:IeSpoilding pOSition On Said third Surface, 
Said Waye trainSIaiSSiOrl deVides being of Substain 
tially equal efectiWe electrical leingths Whereby 
Said erlergy iS foCUSed by Said 1radiatO1 1meamS. 

5. A Systerm for foCUISSing 1adiaint einergy CO1 
priSing a, plurality of einergy Collector Imealins at 
points defining a, line, a, 1eiectior positioned With 
Said CollectOI: 11ealins betWeerl it and the Sou11ce 
of the incident einergy to be focused, 8, plurality 
of 1adiatior inealins at points deining a, Second 
Iline, a, SeCOInd Irefectiot pOSitioned With Said 18di 
ator I11ealins betWeen it and the place toWard 
Whicha the elle:Igy is to be IradiBited by Said 1'adi 
atiot 11eanS, at leaSb Oile Of SBild lines being 
CUITVed, aild a, pluirality of linear Wave tranSmis 
SiOIn deWiCeS, each Commecting Only One of Said 
CollectoIT ImeamS to Only a, Correspoinding one of 
Said IradiatiOI 1aeans, Said WaWe tranStrinission de 
Vices being of Substaintially equal efective eled 
trical 1eingths Whereby Said emergy is focused by 
SBid IradiatiOt 11eamS. - - 

6. Ita a, 1radio device including at least two par 
alel Coinductive Sheets forming WaVeguiding 
Iaeains, a, 1Teiectoi eXteinding betWeern Said tWo 
Sheets SubStaintialy tiTainSVerSely to the direction 
in Which emergy is to filow thitough Said guide, a 
Iplurality of Wave Collector elements adjacent 
Said Teiectior Bit Spaced points defining a, 1ine, a 
SeCOInd IrefiectO1 betWeen Said Sheets and Substan 
tially traillSVerSe to Said directiora of energy ioW, 
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a plurality of radiator elements adjacent said 
second Irefiector.at Spaced points defining a, Sec 
ond ine, and imeans of substantialy equal elec 
trical lengths Cominecting each Of Said IradiatorS 
to a, Correspondingone Of Said CollectiOIS; at least 
oine of the lines defined by Said Collector ele 
Iments and said Iradiatioir elements being CIWed, 
Whereby emergy foWing through Said deWide iS 
focussed at points oultiSide Said tWo lineS. - -- - 

7. In a, 1radio device inclulding at leaSb tWo pair 
allel Conductive Sheets forming a, WaVeguiding 
Imeans, a, plurality of Wave Collector elements.at 
spaced points defining a Iine extending substan 
tially transVersely to-the direction in Which 
einergy is to foW through Said guide, a, Iplurality 
of 1radiator elements at Spaced points defining a 
Second line substaintially tranSVerse to Said direC 
tion of eimergy foW, and 11eans of SubStantially 
equal electrical lengths Connecting each of Said 
Iadiators to a, CorreSpoinding oine of Said ColeC 
tors; at least one of the lines defined by Said 
Collector eleiments aind Said Iradiatior elemeintiS 
being CurVed, Wheireby energy iOWing thitoughl 
Said device is focussed at points ouitiSide Said tWO 
lineS. 

8. In a, 1radio deWide including at least tWo par 
allel conductive Sheets foriming WaVeguiding 
Imileans, a, 1plurality of WaWe Colector eleiments at 
Spaced points deiming a, line eXtending Substain 
tially tranSVersely to the direction in Which 
energy is to foW throtigh Said guide, a, plurality 
of Iradiator elerments at Spaced points defining a. 
Secoild line Substantially traimSverse to Said direc 
tion of emergy iOW, aild 11ealins of Substaintially 
equal electitical lengthS Cominecting each of Said 
radiatiors to a Correspoinding one of Said Colec 
tors; one of the lines defined by Said collector 
eleimentSaind Said Iradiatior ele:IllentS being CUI Wed, 
and Utilization, 11eBImS Substaintially Bit the Ceinter 
?f Cul"WatUIre of Said line. 

9, In B, Iradio deWice i1Clulding at least tWo pair 
allel conductive sheets forming Waveguiding 
11ea11S, a plurality Of Wave Colector elements at 
Spaced poiInts deihing B, CUITVeline eXtending SUlb 
StaintiBilly trainSVerSely to the diredition in Which 
energy is to flow through Said guide, a pluraity 
Of Iradiatior eleinents at Spaced points deiming a 
SeCOInd CUITVed line SUIbStaintially tramSverse to 
Said direction of einergy iOW, the Iraditis of CUIVB 
tute of One of Said lines being tWice that of the 
?the Of Said lineS, aild imealins of Substaintially 
equal electrical leingthS Cominecting each of Said 
IradiatorSto a Cortesponding one of Said Collectors. 

10. IIl a, 1adio deWiCe inClulding at least tWo 
parallel Corlditictive Sheets forining WaVeguiding 
11ealinS, B, 1:eilectOI eXterldiing betWeen Said tWo 
sheets SubStaintialy tranSVerSely to the direction 
in Which eimegy is t0 fiOW through Said guide, a 
plurality of Wave Collector elements adjacent said 
IreiectiOt at SpaCed point5 deihiling a, CUITVed liine 
Of tradiuS 2R, a, Second Irefiectio beWeen Said 
Sheets aild Substaintially trainSVerse to Said direc 
tion of einergy iOW, a, plurality of Iradiator ele 
Imaelints adjacent Said Secoind Irefector at spaced 
points deiming a, Secoind CurVed line of 1tadius R, 
aild II:1eans of Substantially equal electrical 
1engths Cominecting each of Said radiators to a 
C011reSpOlding One of Said Collectiots; and a tittli 
Zatiola device at a, poiInt distant substantialy 2R 
from the Center of Said Second line, . 

11. In a, 1Tadio deVice inclulding at, 1east two 
pairalel Conductive Sheets forming Waveguiding 
11eamS, a, 1TeiectiOt eXteinding betWeen Said two 
Sheets Substantially transwersely to the direction 
in Which energy is to iOW through said guide,8 
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iutality of WWe 66ilectof eleimélits adjägent 
Said Irefector at spaced toirits defiring a, Curved 
ine of radius R1, a second Irefectiot betweeta said 
Sheets and Substantially tainsWeise to Said dired 
tion of energy flow, 8, 1pluiality of 1adiator ele 
Imetats adjacent Said Secoid 1tefiector at SpaGed 
points defining a secorid cuifvédi 1ine of Iraiditis R2, 
and means of substaritialy egual electricai 
1engths connecting each of said itadiatois to 8 
cortesponding oine of said collectors; aid uitiliza 
tion ineans at a distaince of stibstariälly I" fo? 
the Ceiter of Gile oisaid1ines, Witi6ife \ 

1 . 1, , 1 
=?+? 

12. The System Claimed in Claii, 5, SBid trains 
1missiori devices Comprising WaWeguideS. 

13. The System Claimed in Claim 5, Said tranS 
1mission dewices CompriSing WaVeguides, Said Iines 
each being a Curve of Substaratially unifoin 
Itaidius, -- 
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