
(!

1/
[/

UNION L EAGUE C65 W LUB OF CEST JACKSON B . H (CAGO
CHICA'GO 4 I OULEVARD

• LLlNOIS

(,I ..l.)
V V '.

/'L

! / /;
/ C ..·-C/



UNION LEAGUE C
65 WESTJACKS~~~ OF CHICAGO

CHICAGO 4 I. OULEVARD
• LLINOIS

¥f1l .... '_. I

~/ '



" ... ,

CQ.IiPfSnVVI?. ?eof)UC'V

~ \2..0l)V'c'f,'') r=D - L PV -"rV-1 b

DIl'17i"" \J€7!-pofZ../"iet>: :2 3 ScP7': 'c b

GI/ /;V

FOre. GAfN

II

S

A-cr ivs:

UNITED STATES 01STRICT COURT

'NORTHERN DISTRICT OF ILLINOIS

BEFORE JUDGE HOFFMAN

DEFENDANT EX'~'~~;Ki;!i'-URY--
DOROTHY L. .' . _
OFFIC1J-\L COURT RCP0]i. f[)\

J' cU:I'1£N'!s ,41Zr;

l-O#'\-'I.leD (c, AcT/lie

cl!H"A-C In I/e:;

~ s: P~t17C)



..•. j
FJ

-[

150'
210 0

1706
/90"180'

-+

200'
160'"

-'-

210'
150"

~ "):=-

r; >::.r-·

--~.

330'
~oor T {iTI

270'
90'

280'
BO'

-i
-l
=!

--j
-I

~
j

('i), ~-,
't;
~ s
to :;:,
't :

0
w o..

"-c ,
z ••a "
" •
0 do u
U "0
"

,
-c •
"0a,

~
:it:

,



150C

210'

-cr- -,
-'--T-+7 '

270'
90'

330' 350' 10' 20' 30"
30' 20' ,10' 350' 340' , 330',

Frrn-rrrrT1TjTTT~·.'.L'ITTllTl'I" I. 11111-'--1ri'II"MJ fTTTTTTTlTfTTTTTlllT1TnTI

260'
100°·

250'

50'

300~
60'

'~

320'
40"

-~
---,

_J

=J

j
i
.3

1

-i

~

:::J
~

-=J
'I' 280'=4 BO°-1;
~

~i

j

•





800

28(\'·

70'
2900

20° 30°
340' 3300

11.1 JlTfTIIIIIJ11illIII

3400

20°

I II I I IIII

270~

900

230
1300

~~~

240'
120'

~~

210'
150~

-=1
j

.~

~
i

-'-I=;
"-1

-'I
-!

--l,

~ 1111111111111111111I-=J-i 260'

-I
-I

.=1
, j

-,-.~

g, ,~l

m' ~'" .
d -~;
~ .~ 30()O

I 6Qo

~ 3 ~~~~~~ lX5s
.~

_§ 3~g:~~8i~~~~8t~~~

j

.",

'<t
'<t
<ll
'<t

"~
z
o••o
o
o
«
-c
"2
~y



l50"
210"

160"
2000

I I II

170"
190"

10'
350'II I IIII I I

'l

180'

'- rs-

230'·~
130'

---,-,

"e<z
o
e
o
o
U
««
-'o
a



1,"

=J
-j

~
----;

210'
150' 180' 170'

190'
160'
200'



----i
-j

=l,
--J
d_J

1
--'
~
-'

200°
160"

340'
20'

nllTTTTJTlTI II I I

190'
/70 0 180'

-.

80'
1::-1::;13:-l::t'1280'



-,

--I-,,

700

so:
33W

'T'·, ,

220'
1400

-,
- ,

~i

-,

._,c

""",
"
~ ----I
§ =1-,

-1
]
_I

1
-I

•
~

e:'1,--,

e-:j
~i

=i
_~I

-I-,
=i,

--:::J

=1

-=1
)'~

e-N
~
=i
~

...J
I

-;

:J
-=J
:J
.-j--,
~I

I

-j

--I
-1
-r-t

---I
:J

I
-1

-=J
=l

o
w c
~ 'cr

Z
c
~

o
6
u
~

<
"on,



di!

330' 340' 350' 0 10' 20' 30'
30' 20' 10' 350' 340' 330'

rnTTTIT1TfTH1TlTJTTTTI I111I1 I I I fTlTrpTIfll I I IJ II1I1 1I I 1I1I i i ! Inll

Ul~ --j
,¢i~ ,

0 -;
til c

iI- "< v -iz "" ~J0 "

" • ._J
0 " i
6 v Ie,

U v -=10

" v -!< " I-' ~~a --1e,
-<

~ _J
~ -I

1
~

ri
l

-[
-i

-, 320'

.~ 40'

_3~

200'
c

190'
e



BO'
280'

40'
320"

_. 90"

!50::
210'

1I I

170'
190"

20"
350' 340'

[TTlTfTITIl I 1I I 1-'-1ITI1'Tel1,.-,-,-,.,....,,·

180'

320'
40'

_.,
-I

~
i -,

-..J BO' .
-I

,
-~

,

-:
,

-I
--J
-1

--.:...~

--j
-.:J

-!
-~

,-,

, _-J
--I_.,

-1

-]

e=~-!
-1
.~,

Q
W c
f- "< w
Z >

>
Q •
" e
0 "6 ~
o w

0

" w
-c "~

0
c,

ll!1iIy

'"
"""'"



150"
2fO°

3D'
330'

1IIIIITTTll

20'10" 340 0

350' I 1.1 rllTi I 11,1 III! I II ... .[i Illlllll

•



150"
2/0'

160'
200"

210"
ISO'

---:1 110"

~
.~

-I
-.i - 100"...J
-i ,2600

......,

-~
-I

~::j
~

~! 280°

'" 80°

" =i" --''" ,
" -I

0 -,
w o
e "«: w
Z ""s w
~ •a

~
,

6 __J
"u ,

c w .-.J-c " -j"0n, -,
--"

IJ6! I
-r-t

iL -j-,
---1

310 0

50°.,
=J

-~
::::J

~
320" 400

.:

40° 320°'

-::1
_-=J

~

.~
--l

j

j
--I

-,

j

I I I II I I I

330° 340° 350° 0 10° 20' 30'
30° 20° 10° 350' 340' 330'

fTITTTTITTpllTfiTrrrfTiT1TnllrrrrTTllTTT[TnTfTTn-r-rri-r1I ""'r-TH!TTTIl



-=j
-1

'-1

.~
-=1

c-j

::j
~
=i

-=J

~
_I
.-l
_-I

--I
-!--=1

,

-=J
'" ~"" I
<D -:J
" ,

-j
0 ...,

w o
~ " -1< u
Z "c;

j0 "
~ •0 • _I
0 u• ----"u " :::J0
c w
< " ,

" ~
0
o,

.~ ---'
jt ~

-1,
-=J

~
j

-=:J
.=1

~
.-:::J

'. .

220'
140"

280'~_80'~

300'
60' txX->X'V')(X;>v;::,

320'
40'

330' 340' 350'
30° 20"

IrrlTTl1""1IlTITfTTlTfTT-r11'-1TTl1'-1'IT

."r.m4iiPDCWlJi]l§i:aroiWWW
1r,

170'
180' /90'

160'
200'

ISO'
2/0'

40'
320'



Z f?8!II1I? OiL SI!r?~J •._...
-. - 210" 200' 190'

180'
160' ISO"

ISO' 160' 1700 200' 210'

1 1-,

.~ 220'
140Q

--I
I
I

-=1
j

-. 2300

130'---l
-I

~
-=!

:
_J
-!

2500

--"

,j
-~ 100°-I, 260'

'--I

-i
--"
-1 90'

.-~: 270'
-~

-~

-=1
-l

" .-J
"! -j
"!
<D -1
"! -,

0
-I

" o
--,

f- ,
-c w
Z •

"0 " -1
" •
9 " Iwa " --Iu "0 ::J" w
« "-' _-I
0 ---lc, _,
~ j
jt

-=1
j

3,,
-1

320'=1e=i 40'

--, 193'=1
I

-"=J ,_.-,,~-- J
330' 340' 20' 3D'
30° 330'

I I I I I III I I I I flIT 1



I

I

I

Vm;/vI+I-J/'1'1 11V'r:

It " hCt?/",/~,
318 wITH S6At'f$.

--¥41' Y .>;"":

Pt<~pAR.,,·o sy; As
."-/(,5

l SUB16GT I Jro fj1J16NMi.

2- HODeL: LfV- VUIl. chf c.t£Cff?O,llIt; P1f0 (,,£

3. !-151 f'~Ic.e: .:f 4- 9.1!
4 fAT6AtT$CL8I1'f6~~' 2/1~81081 2/ti5,.?7CJ 3.,OII./ltS' 3, 10 0/ .. 80 3-,/ro"s76

:'j: !/1J(}11i'OA/lt ffJ-re-lJ-fS f6JlO/lll,.. (y5 'f-Cf/t/flOl'1) .
't

"', U#/)61<. Ft-CL.VSI//f:; k!ceNS& F~OH T1I6 Vf,.YVeRSlry t!JF /a: F"VIla}1'i"#;

5, Ace.ccss. 'ol':lf,J sJffl.lF:O; VIW!UJrF/ FH 5ft/~~Ef{J CovfLt'{<. ) jtlS7l?<.!erlo /J ':'-11667',

0. eM/of,); '/ft.EE CoI.Ofl.DISflAj /1 S £0,.)(,... .

7, -r.-r-GL 1C~f.\ Ifi, IJ6, JI ; g'.,., ,
8. F,IJ(S/f: "(;-01.0 4/..001 iINfr"

9. !1l$OI.!l,TIOrJ HI'tTG-!<IAJ...; IltfL£)l
10, f:U=:Ht.~J7' t1(tTE/f.Ptl.. l .,(tLVHll>'tJl1 1

/I B""M Hf\1€¥.! ft l.- A...iJflllJvM
I

12., lIo;/~/rt'AlG- : fWO "u 6o{,"r..s

/3 •

• 13,/

p r::~Fo f? HMo;. :
G-ITIN' ova 1/

I

(fi'i.. H(;I"S<Jftffc,;-r.s J)<>"~ w~-r CCO[tEt!- Sorfu£rJ)

TUAJ",O D '(J",-F:-

'II. 0(( Ft'1 2- 3 if 5 6 9fJ.6 /10 7 8 ~ 10 II 13 +70 560 :~iJ'Q_-~
.' I,

#,$):'- ,-

D&~IH'" .3. 'I 3.6 3.7 3.5 :3 ~::2.o - ';.0 ,.~ &,0 1.9 7.5 '1.1- 5:6 7.2- g,o " 7.'1 10,0 5.5

"

, .

IH !fpR}7.."/1;41. UfJM WID'TH (E- j'l.tlfle

13,4.1 5~ - g~ ,.<c_ ,,;(,0_ 7&·

I" "1,1- 17'1 - '-/& If" 2.& e - 3""
}34,& 4(.S-8'1iJ",e- 17"- 4-5"

,".

TRICT COURTI
JjNITED STATES IDIS
NORTHERN DISTRiCT OF ILUNOIS
, BEFORE JUDGE HOFFMAN

ANT EX NO,...__--
DEFEND HY L 'BRACKENBURY

DOROT, TER
OFFICIAL COURT REPOR

1111-rc.!I,' I. 3:1

;'.2 :1

2,/i :1

}.(,:/

- 9,5ds 01' B'-rTFI<.

_ S.o.ls 0/1. 86 -rrr;:.f.

3.5

1.3

2.3
't, ;;

0'.3 PR,olJ-r..,-o 13A<-I<. RATIO'

1~3,1 ~'1,gg,,<- lod!! _20J6

1'l,S.1- eg-lo8~<- b'dd -/7"/13

,~. ~.> 171.;- :J.lln,e; IJ.j'.{e, - 3,0.,(8

I~. 3. 'I 4's. - 8,0 Me; 8'.5of6 - :wde

/3.3,5 SlOG f.<,1.>t f?t!J~C"'loti 111.(·;..110""

/3.3.6 ,/ J v 4-6S-'f{'io"e;

13,2 V.t w ~ :

/3,2./ 5'7-&8 Pc.

13.1.,1. SS -10111/<-

13.1., ~ 171( - 2-1b "Co
I '1l.·1i 47" - /?'i(l M<-

•



\

.· ,..

•

•



Vsu)(2. fWD f/'1-rnpw ~(lG "'/f'CIj" For? ~

~ GfjI.J v'fl/2.£,' FQ:IlH ,at.oJ OF ~.;;l. ,Ie;

1'1.Lj UI+F f'E:RFoll:t1f'\l.1C,£. :11>::"1 !/M~ ... Pt9-rffR iJ A'f Sot<€.pOlll'S ({ ),ro ~.A

HOO~ OF OP£.ifl.~-rI~I'lJ @IIJIiM\f.5. rilot{ /0 ell!;. ifT ,m C~IJ"6t1- OF

-n+~ 2>l'I>JD T'> ,.., I.--!>..JI'JF If.$.la II"'!' -rU6- HIf,.H e uo.
--rt'-E:. PI\-rTf.R.rV DlTER,III''1j:;-rCS F~oH MP(t.. 780 HG. !1fJO up.
Ao.l..,.,v,Jf\ f(0SI-rIOf'i/IJ6- iJ,{MI.! c~I'T"1CAl- Folt -rrl6 Hlf,ff cA'" (Je«T/ctJ 11='=

"n+€- eo At-ll> (I7.D'" b€:f)M iJ I "..,.11)

•

•

Ilf.

IJf. J

Itj.3

1'1.5

./-o.,)-Mu0I"E\<'ROI't/-lANCE.: iDf>EAA11 !'J('- II-,T {. HODE. -r1fG,. V$vJf<-)~hliJ

ftR,<- 'IP1d'tL-Foe."f!t1S Ito o~. G-A-loJ ,h>vJ H61<- ,., SUqt-rt/ '-" w

-r<' sAO' ~-fl"l.! tJe T ,.,-00 b-'" QJ:> ' ~-r ,,/0,60«-

F1'1 f'P!~1"1liU1f'\')<fi: GA-1N£lf<0Fs. 'Fdl-oH +2,0 Je~, -ro Itff.-
'WE PI\-rrf;R.1J D6"'€/?lo~frr6<S f\, ,'~ IttW 1:',.;0 0 f 71/£ ~,.1 /tiVD

i~ 1£;1/..'1 f'O\)~,

It I&H·r..~IJO P'£f.'Foi/.HAt.l<£,;

~/2.-)-.. HOJ)t, 0FE~A-rlorJ.

-r" A f+tMt of "1. 9 .,A~.

liJsrl\uf\-rto!l Is. ~tJlT"F- .5IHfll'5 • "771(; OOWN (..GAO rs Lo#tJtC-T£'O To

1+ SfE'CIIlt_ "'t':f:I'INSI-lISSlo,J tINt: SIio-C-rIO tJ .

1"~ E. tJ6,..J s:"'Ap-'tl ~€>cHArJ!S'1 IS ~v/~ Sl.0flll /,.11'''(.£ I(f/AI<£

pr.~/-I'i"fIN(,-~' D'pOas --rovJof?81.&

st.-0fl! IUJD J,.o-usc. fI!.~~/nN6- fC~f/l""'S ,vO(S,/ j)'frtU:: u;p!lG,cr1o;/.f -r»

13001-/ .

•,

Uf· '" FoR pEtlFoi(HFftJ{£ 0''''

U>Ht6:Tl1"td- P/1.00 U (:'1'

l/Iicrj lJltFjFH , /!JOti/i(l.

AP/l/,./ >:1, t/5 /(,5.

,

:195



•

•

•



I [I '

160'
2000

170"
190"180°,

190'
170°

1 1 [ [ [ i I [ I

220°
1'400

21QO
/50"

~

~

230° "
'-ci

130'

-,
--j

_.1
!

-c!
_.J

i--,
I

,=:1
..J

1

I' -3

..•~ 260° :
100'

d =1
-I.-'"

. ~
+ 90°

-~'. -i-f· 270°

",.

--~
~\:i

:::I'~'~

ell:
't', {l'.f~
'" ~ I ~'" ~' ~~.-<z " 'a <ll _ .•

~

h~
q
0
U
tt
<
~

it --1
!WI "3.'~, --j-,

-'--j

-1
-I
-I
--I

,,~
,I S1' ',-

e§ 3200

40'

~



14

•

•



•..c]
=I

2WC

ISO'
200'
'600

190'
170'

160'
c

ISO'

100"
260'



•

•



170'
190'180'

190°
/70'

210'
/50'

HORI

1e-

230'
130',

-1
If

---I
\

J
-I

--1
-4

.=1
.--J

~
250'
110'

~ 260'

~
100'

-4

-I
-4 270'

90' 1-

:t-

\~ 280'

'" 80° -

'"~
'"

6
0

w "l- w
-c ••z w

a • '-; ,
~ "a w

o ""u 0
w

" "e
"a•
WI ---

!

~
~

310' I

-i 50'

:J

~
-'I
:::J

eJ 3200

400



•

•



II (

150'0,
210 0

1600

200"

20" 30°
3400 3300

ITlTflT1TfTTTTrnlTl~1~1.1+11

-\ -- \

DAT

200"
/600

320°
400

-,
-=l
-I
~1 2400

~ 120Cl

=1
=1

::~-,

310~O, 3io~0" 3~~0 , '. 0.. . j5~:
,r;LJ"'TJ-r1"IITI n I II I I II I I r II I II I I I II'l II I I II 1'1 II I III I I



~Jn ;;;iGitifii;

•

•



II I II

1SO'l'
210"

160'
200'

170'
190'180'

190'
110"

200'
160"

210'"
150'

220'
1400

r

~,L I

230'
r

130"

.~



•

•



.~

-j

1,
~

-~_J
_J
-I
~

-.-1
-!
-'"I

2W 200°".<
'~O(J

3 4$L



•

•



340'
20'

PT1TIII

350'
10'

Illlll>1111
o

11 1 I I I

100"

9060 -.'

270 0



•

•



•.-

140"

'"""
'""

0'·
u

~
"'
~
e
-,
~..... ·-:i .j 3000

~~ 60"

~iJI ---I_.~f

~ :::j-_ ...;
-~

-c--j

=1

.~

rrrrrrI ' ,-I,

200"
1600

190°
170"

170"
190°

160".
200"

150"
2/(;0

'$

'~2~ ,Lt-:.
80"

280"



•

•



210'
ISO"

170'
190'

ISO'
210 0



r t1$L)Z

•

•



•
150<'1
210"

111..1

•



•

•



100°·'

Ci,

206

1 t

190'
170'

,3150~' 0 10" 20' 30',
350' 340' 330"

I11I 11'1'1 111111 I~II~I II I II I I'TITIIII'I-I I I I I rI r I fl'--'I~'I"--I~IL

N, ,""'fAJ r ,

D

t+ ~-' +
+t+H t+ -j:1-~'\

200'
160'

330'
3D' 20' ,

I I I I I'll I I I II I I I II I I I

320'

4°'u~_~d

3IO'~ _50'
Y'/', X';( 'vi

220'

-:

I

:J
,

~

N

""co

"
~.
-c
z
a
c
oo
u'.<~
2



£jMGi6111 ~i nr -,00;£

•

•



• 140'

~

~
~

i
1
i

.~

o -

~ ~ ~
"q
o
o

"<
"oa

•

2100

ISO'
200'
.1600

190'
170'

I II



•

•



">--c
z
s
"o
o
u
c•
"o
~

208

330' 340' 350' 0' /0' 20' 30'
30' 20' 10' 350' 340' . 330'

'fTIJITITTTfTTTTFrI I IllllrjT\n'll--'j"-jfrrr.j"-JI"j-'l'-jjrTETjl. II I rrTTT1Tn~jr'--TI'TjT-,hll-rr'-rJI

40"

220 0

140"

290 0
,

70"

300 0

60'

310"
50°

•

N.
;.~ ~

'" --II
lD~ .

"'::-=1
o ---I
U ~i

~ -J
• =1_J ~_

•t
0--.

•<



•

•



--1.,

-r

rt,

•

2.-

'"'"
''''

~

,

•

.:

Co
Xx

"c;_
,'10
~,z-l
."r'lo
C"
;<U:'~
nZ
.()

i:1x
"8~1:.
•;;:'>,;,,1

,'.'.

"

I
"1_

~,

mJ

noo

I

H

fHElil

:ittj:::j:j::t:l

1&

i-Fr-mt
r-r

r-

II

CI·,·,,·;'r I.UT.j

-r

Fn

"

tr

Xl

F"'
r

u

tr

L,.......'i

D51

m

aac,-,

1+

III

ltrtHT"

'_"-'-i

a"}

.,

r:-I

w

:.p

'F

}fl

+, Ip
fj:!
itl

'~,j

a

O/..

TTi

:-i·ti:r~1

Ft

wi:

'V

-Hit'-
!:trt

1:1'
Er:~f

t-t-t-
,LB-!' :-'-1

·Im

i-

~g"

o
,~
,fEEHE ,

'-1:i

,
:=flf

1-;-·...-

+

Hr
"I:t: rr'

-_:',r,,"H.;

!'WWC

+1

I

1m

+

I·

t-t

,
rtlj+ltliEtlr -~---,

fHHt:I,

Imj .i..,"'J
:-ti'lI"-H-Ijj:;':f

'lT1'-~+'I+H'-J

i:

'If'tf'''l -.'",'"
+1":

oj,

'0

r
.CI·

I_H"t,

!:~-,.

-ijj:

,J

rrr

+1·1

>-.-l-il
m

,.0-......,

;.l-j._l_~"""_'_'

~ttJ"'

I

.~

;+

:l: ;:r::j:

m
,t

l:T:, .1.1-0.

i.~U
J,~t~:'-'''~H.._r_,-.

:JIiJ .,,

I

.,

-,:H-f-H

..'-·1:·...·'-

.,

0(;(

'f~t
T

l
'Ll

T

':'0m
1

ttm..· i,

i'd,hl

rr

I.~-

TT

:~
'r!Hl.L

It,

y

-l+ttf'

,,'

'1-'

~Ih
H~C[

tfff.

,,·ij:\:':Jl.'l
i:tf~tjj:th .,

f¥jJ

::p::::rrUJ

tI
·,t.##lII'1FP ::It--,111"...,.

i-,:rff1+

t-

I·

'-~-r-"

J-T-

ITt

,
m." Hili, .trt

,

-rr

~

60e01/

fJ:

#lltiWfHfi·.rHl:flm~mmr

+-1

~ttHf1IUfjll +!'H,HR',,"H
'I

}

,

~f1:fF

RTfH1t1

tf
J::lj1r

.tl

11IfEH:lIfllL

-~

-j.,

i '<

,I'

.1

1=

31,1
,j}t

i::Ii
.!

1--1

-ti

l-t-

i~rJ'

Li:1J

ff:'

l-
r....'·1

.Lj

r:

.t: ,+

.'

i=l:t:

'm

J1~r-L

J"~-'-

,'J:
C
'ii:lIB:f

i

;:Eftr

,_._1

"if

1TTf
'Flt-

'i-H-

:+111+++1-1---

/..:m30b3:f.:;i
0/..1

-."..fT:-1.

.g:,+

-t-t-t-t-r-t-t

U.:'"lj ~-1'
:-t-lH

!T1=' -I':;:::

ciTRm!MV ,'
t-Rif'

!II

ti
lt _1__0'.~~..:.,';"1

"".If

":H1lilFll

°I>l

Lj

~

(VI

'f[jj:tl:IO-,

rr

·dJflRh

HJ

;Tlrrr::orrq:

l.,_

O:i-trq
::tt'

ifi±jjJl
'-Hi:ttL

1

fTI

+
I+l-!-T

m!

Fi:I'ttl
t

~

T-,-

g

'tJBrt!HJ,

'1:

~

IL.,

H-~

U:r

-r-

..?rtO#'Z

"ShH

JTOI

h

-

1

'J:

-J

"

'_'--1-1.-/

ii,

f.,

T

,If

mt

r
+

-!

q

,.

j:ltj:

HIll

p'r-tl

T

!~'

'j

rm;'c H-H~jjt.

j-'

h

1.

t!#tlftg
:lR:

;11'

b.,

:±"-D~
~LI':''''_I

•

...'t .~,

[.'.~,

u':1-:.''..''"."!

m+,,""'mffii

i_I
m!l:l~:itHJ r-tr.,T~

EEl} LL-I.!

dHh
HHfFF

-"1:f

'-j-

']8j:,:.-I-'
L.

1.,_<_,
1+,"

r,.

T::Tlilll

"-··lL,

t,w.•.,_

£E1

.,.Ji1rrL_'-f:Ib':'-J:1iim:tlU::

!=f-

J, ole

'~

aSirl!fIIII:~

'lIl1TI1I" 1+111' -H'me+'.," ·tI,,.TTi+1"~tttLtt,·,
.:;.r:t~,:.--'.!-;'~-t++-a-,'."

;.,·T

->:i:D_i_

I;

I+fffll+H1i:fiimn1R t:j:t:H:-tt'-'

J:I:U:L1:ttl:fE±I' ,,.+1 _..-r.:t~·

~:I:~~.I
i±

0.05

T-

°5S 00'

mr

.T

i~:

-,-,-.t

_I_e
J'"

i
el

,

aS'

t

·':tT,

,,'

ML

H'UIJIJJ:'

,-f-i'l--:-

'''I

H

t_*-.Itt
tIft,"",

J."

"~ff

=1.1-.··.Icl"'.'_1

il~

EI

-"'·1·

.~.
t

~

'j'j:l'~

'jilt!
1

~

f

I'"

11£l

I·
i

!:t

f[1

j

~

,n--j-

'-i-F':!:"

tfl-tj-i

:j.t

t

l+ti:r+l:ltil crJ:j:j:::j::::t::p:1T

""'8Os/.
HF1-11££tlf

g'R=R~!-: Fill "ffTIf
+i

g

:1.)
Ii"

Itj

, TTFF

cr~.rl:i.:' :__..+1
--.J:f-r--l

ili±

tq:tti-li-l-I-j

ei1:1ua:," inrf",I.tt~l

q
.T

'"+1= ','Itt -1--r-t

+tt=t=tI~H+Hj:ti r;-tttt.irrtrtt

R

~

n.!.

~

11

JIJJW
liJ

H=!-'-

~:

,.1:

':~

or

IJ
:!'I
I...

,LI
dt~

J:_ll

IfE

tlJ'!li~l,."
L

.p='

~
i+

_I..J.,J.

,jjjJ{

..1'

"

fI ~-

1J:
t

:~

1+q:

Fn:, ,.1

-t-rt-tt-

-LJ
tttt-

H_r.L··
?W0.01,

l:r..-i1:U.- ,

'j

lifrf
_1!"

pJ:l

jj:

+

-t-t-tlrt_

'1

+Tr

mllrfj,

_,:::r

ff

t'

I"

,+ -I.:

++

F

\::t........-I

j.",

j.j.t~}"I'
-U:t-LL:-1+'

I"

_,_,...->-1

:.1-1

ooe

WJ,!]

1:1"1:1,,,'
i+"U t·r.-

1=1I±-I

HI

IfB"

!:m:!

•
'(;~
~/

(.lfi'"

I·



• • •

•



Oct. 5, 1965 D. E.ISBELL 3,210,767
FREQUENCY INDErENDENT UNIDIRECTIONAL ANTENNAs

•, Filed May 3. lS60 2 Sheets.sheet 1

I~-------~ ~--.'

t__-----

"t)

•
~
"\:l

h')

.~
l(

'I- S '", ,

\~I

\ I
\ I
V

';'

""~ r---.~--It----+-1 ~

""
<Jl'---- --'-------__

"'-t

.~
l(

INVENTOR.
Dwight E, Isbell

BY

Merriam, Smith 8 Marshall
ATTORNEYS



3,210,767Oct. 5, 1965 o. E. ISBELL
FREQUENCY INDEPENDENT UNIDIRECTIONAL ANTENNAS

INVENTOR.
Dwight E, Isbell

FilodMay 3. 1960

l\I

.~
l(

2 Sh~.ts-Sh••t 2

.~.

~
BY

Merriam, Smith a Marshall
ATTORNEYS



United States Patent Office 3,210,767
Patented Qqt. 5. 1965

1

3,210,767
FREQUENCY INDEPENDENT UNIllIRECTIONAL

ANTENNAS ,
])Wight E.lsbeJI,Seatfle, \Vasb.,· aSsignor·to The 'Unlver

sltyof ',Iflinois Fopodation,d Don~profit cOrporation of
Illinois .

Flied MaY 3, 1960, Ser. No. 26,589
15 Claims. (CI. 343~792.5)

Thisinverition'felates,toantennas; and 'more partlcu
larly,< it relates, to antennas having unidirectional, radia
tfon.patterns that are essentially independent of frequency
over wide bandwidths.
-"'~Tfie ,antennas 9f the' invention are _coplanar _di ole. ~T,"

rays consisting of a number of dipo earr,anged in. side~
~ide ,relationship jQ~.e:~ the length a.nd, ~he spec
rng betWeen success~s varymgaccordmg to a
definite mathematical formula, each of the dipoles being
~edby a common feeder which-introduces a phase reversal
of:180° between. connections ,to successive dipoles. The
antennas of the invention provide unidirectional radia
flonpatterns of constant beamwidth and nearly constant
input impedances over 'any desired bandwidth.

Theinvention will be better understood fro ll1the fol
lowing-detailed-description thereof-taken in conjunction
with the: accompanying .drawing, in w~ich:

FIG:UREJ', isaschematicplan view of an-antenna
made in accorda llcewith,theprin\;iplesof the invention;

FIGURE'2is"an.isometricview of a .practlcal antenna
embodying the invention; and

FIGURES 3 and4 are radiation, patterns of a typical
antenna, iI1 'the Eplane and,l-l:p~ane"respectively.

Referring to f'I(jURE 1; .it will be seen that the an
teflna .of-the: invention",was,composed-of ,,<t, plurality, of
d,ipoles'lO" 11, J2,etc;,;'which JUecoplanu'and ,in paral
Iel,'side~by~side, re1ationship. ,n wlll-be ,noted ' that the
lengths:ot, thesuc<:essiv~ dipoles ,aodthe spacing,'between
~hese dipolesfs. sucl1'JQattheeJ1ds, of .the dipoles .faU on
a. llairof str~jg,~t •. lines .'Wqich i,lltersect .an~ f~rm ..ar(
~n~I~(L... In:tlte'p~efer~ooefi1~qdiment"the:.:tr~tenna is
sYlrnr~etTical~bo~t:uHne;passipg throughthe mldpeints

•. '.'··.·.·of;1~dipoles, as shown, ..:: '.' '. .
'.,;;,"'·'vk!.~;e' antenna is fed at its narrow -endfrom a conven
':r~ ~=tt6nals6i.lI'eeof'fmergY~depicted·inFIGURE 1.by-alter":
./C: ~Ttor 13, 'bymeans of a 'balanced feeder lineconslsung

or conductors 14 and 16'. It will be seen that the feeder
lines~4 ,and' 16.are·alternated-between connections to
consecutive .dlpoles, 'thereby producing a phase reversal
between.such. connections.

TheleIlgth's, of .the'dip()lesand. the spacing' between
dipoles are-related-by .~.c()nstant scale factor- e defined
by the. following equations:

Lr,;+i) 4.-Sr;'+i)
'T=~= ·'aS

n

wbere v Is ,aconstanthaving,a< value Jess thanl,Ln is
-the length .ofany:in~ermediatedipole in .tbeaITay, L(n+1)
is'·the .length .()f the adjacent smaller dipole, •. tiSn is the
spacin,g betweent~e.djpolehaving the length Lnandthe

,'\ adjace l1t large~dipole~ 'and'AS(n+l) is the spacill8 between
thed,ipo]e having. the length Lnand the' adjacent smaller
dipolp.

ltwill. be<seerifrom the. geometry oIthe ant~nnas,as
given above,thatthedistaIlce-from ,the .base hile b at the
vertex of ,the angle a to the '. dipoles forming the array
are defined' by the equation:

whereXriisth~'distancefrom' the base Hn~ 0 to the dipole
havingthe.leIlgthLn, X(i:J.+1) is the corresponding di~tance

2
from the base Ilne to the adjacent smaller dipole, and v
has the significance previously given.

The radiationpattern.·of the antenaes of the in'lention.
having the geometrical relationship. among the. several

5 parts as defined .'above; is 'unidirectional in the. negative
X direction,' i.e., extending' tQ the left from the narrow end
of the antenna of FIG;URE L

The.rconstruefion of .an .actualtantenna made .in ac
cordance with the invention is. shown in FlOURE 2. In

10 this antenn& the balanced ,line consists of two closely-.
spaced and parallel electrically conducting SOlan diameter
tubes 17 and 18 to which are-attached the dipoles; each
of which consists of two individual dipole elements, e.g.,
19 and 19a,:U and. ~la, etc -. ' It-will he Doted that. each

15 of the two elements making up one dipole is connected
to a different one .of said conductors 17 and 18, in a
direction perpendicular' to the' plane determined by said
conductors 17 and .18,:M,oreover, considering either' one
of the conductors 17 and 18, consecutive. dipole elements

20" along' the lengthfherect-extend in opposite directions.
It will be seen that this construction has the effect.,of
alternating the phase' of the connection between succes..
sive dipoles, as depicted' schematically in FIGUREL
Althopgb the di ol~s of FIGURE 2 are not re '. .0-

25lanar differingt ere .' 2Y.<~~~_---.H!t~!l~,.betwe'en the
parallel conductors,in practice this distance-is'very small
so. that .. trie dipole. elements. -we-subsnmtiaUy coplanar
;OUt,"" the advantages of the mventfOiiafemaintained. '.The
a-ntenna .' of FIGURE. 2 .may oe-coIlverifenrIY· fed by

30 means of a coaxial ceble zz positioned within conductor
18, . the .. central .. conductor 23 thereof. extending .to and
making electrical connection with conductor 17 asshown.
~s ..,an. example.·of the invention, an antenna ot tbe

type' shown·in FIQURE,:' Was constructed using'0,l,25
35 .Inch-diameter ,tuhin~ f(}f Pteb.alanced line and 0.050

ineh diameter wirefor>t~e elements.. The elements-were
attached tothe fee<JC:r, Hne with soft solder, and the array
was.fedwitIJ'miniature,:coaxial. cable inserted thfQugh
one of the balance~ Ii~tt.~ndtlctors. The antenna.was

40 ,d~nnedbYthep,ar~met~rs 'T:=0~95anda=20,'\ Thea,ll:
tenna.had a tQt;l!o! 15dil1oles, with the longest dil"1l~
element being 2~"'Jon8",'w~1~ the 5hortest.element was
one·h,lf of this l~ngth, or \%,", The array was 7~"
long. . :.. . . .. . . .. ;

45 Typical radiation •. patterns for .the above-described
antenna in the E plane and the H plane are-shown 'ln
FIGURES 3 and 4, respectively '. Tbese' patterns-were
found to rell1ainessenti~ly constant over the band "(Jf
about 1100 to ,1800 .mc.Zsec. .The minimum frol1t-~(:h

50 back ratio over thispam;t was 17 db. and the directivity
over thera,D$efroIl1about H~() to J75O-mc.lsec.w:as
Petter than 9 db.over jsotropic,

The performance of' the' above-described aritenpa
clearlY indicates that- the antennas (If the invention' 'P~9;'

55 vide eXt:ellent. rotatable beams, 'fOF usepertlcularty in tJ:ie
FlF to UHf spectrum. In comparison to the weU~kn0'Y'n
paraslhc tYpe$ of ant~nnas·which·bear.s()me resemblanpe
to. those. (If .t~ inveI1tioa~ suell a.s fhe· Vagi array,: tlIe
antennas··of·t~, iIJvention pr~vi4e·a ·m\1ch wiqer·'ban~.,.

60 width witbes8entially comparable .directivit~a~
~ageously,.however, the antenn~s .of ·lbe. mvention"ne~4
no adjusting for their performan~ .over a ... wide ·ban~~

width,compareq. to ;the par!1sitic.types' whicb must. be
65 adjusted py cut·and~try prpcedures. for each freqUenc'y.

Furth~r e~perimental work .. witb othera!1tennas simil~'r
to that describeq <ll>ove has inQicatedthat the preferr~d
value!lfor the. parameter$· Which define the· ameI1nCl'S tif
the invention j~clude a range (}fv,a1u:esforangle~Q: bb~

10 tween about 20 9 and 100°. with,. havjIlg,.3 value betw~n
about 0,8 and about 0.95-. Whtrri these :param~tershav~
values "within the preferred rangeS the amennas. wefe

......
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being given by the
4

adjacent dipolesments in any twa
formula

l(n+i}
-f;-=T

where In is the l~ngth of an element of any dipole in the
antenna,1(n+l) is the length of an, element in the adjacent
smaller dipole and ,T is a constant 'having a value .less than
t, the spacing between said dipoles being given by the
formula

where aSn is the spacing between, the dipole .having the
element length In ami the adjacent larger dipole, AS(n+i)
is the spacing between' (he dipole having the element
length 'nand the adjacent smaller dipole; and r-has the'
significance previously assigned.

7. The antenna of claim 6 Wherein T has a value of
about 0.8 to 0.95.

8. The antenna of claim 6 wherein said feeder line
conductors are tubular.

9. An aerial system includingat least one set of-parallel
2;j dipoles spaced along and substantially perpendicular to

the longitudinal axis of a two-conductor balanced feeder
to which the halves of the dipoles arc connected at their
inner ends.rsnid dipoles being of different electricallengths
increasing substantially Iognrithmicnlly from the con-

30 nected end of the feeder to the other end and the dipole
feeder connections bcing crossed over one another ~e~

{Ween· adjacent dipoles, the'sp~fcln-grl~w1iicn-iilSo
increase substantially logarithmically from said connected
end to the other end.

33 10.· An antenna system for wide-band use comprising
a plurality of substantially parallel conducting, dipole
elements arranged in s\lbstantialI.y collinear pairs,. the
opposite dipole-elements of.each pall' constituting dipole
halves, a two-conductor balanced. feeder. having ore con-

40 ductor connected to each of said elements at .sUbstilhtiaIly
{he inner end thereof, ,each of said dipole halves Ina pair
being connected to a different feeder condnctcr.adjacent
dipoleelements being reversely connectedto different con
ductors of the feeder, said dipole. elements being .selec-

<15tively spaced along arid substantially perpen~i~ular to
said feeder, the elements of each pair being of: substan
tially equal length, adjacent dipole elements of different
pairs differing in . length with respect to each other by a
substantially constant scale factor,the selective spacings

50 between 'adjacent dipoles generally decreasing 'from one
end of the feeder to the other with the greatest spacing
being between the. longest dipoles, and means to connect
the feeder to an external circuit at substantially the loca-
tion of the smallest of the dipole elements.

11. An antenna system for wide-band use comprising
a plurality of substantiatIyparalIel conducting dipole
elements arranged in substantially collinear pairs, the op
posite dipole elements of each pair constituting dipole
halves, a- two-conductor balanced feeder having, one can-

00 ductor connected to each of said clements at substantially
the inner end thereof-each of said dipole halves ina pair
being connected to a. different feeder conductor, adjacent
dipole elements being reversely connected to different
conductors of the feeder, said dipole elements being selec-

ns tively spaced along and substantially perpendicular to
said feeder, the elements of each pair being of substan
tially equal length, adjacent dipole elements of different
pairs differing in length with respect to each other by a
substantially constant scale faclor,the selective spacings

iO between the dipoles along the feeder differing from each
other also by a substantially constant scale fador, the
greatest spacing heingbetween the longest dipoles, and
means to connect the feeder to an external .circuit at sub-
stantially the location of the smallest of thedipoles.

12. The aerial system of claim 11 in which said scale

L'(n+ll
-:-'L~--=T

where T-'11 is, the length of any intermediate dipole in the
arr-ay," L(ri+ll Is the length 'of the adjacent smaller dipole
and'~}saconstant having a valueless than 1,~cspacing
between said dipole's being given by the formula

3
found ..• to . have .essentially frequency independent per
formance over any desired bandwidth. The upper and
lower limits of the bandwidths may be adjusted as desired
by fixing the lengths of the longest dipole and the shortest
dipole, respectively. It has been determined experi- 5
mentally that the longest dipole element should be ap
proximately OA7-wavelength long at the lower limit and
the,' shortest element,' should' be about, 0,38' wavelength
long a! the 'upper liniit.Moreover, in order to provide
a suitable frorit-to-back ratio at the low: frequency Iimit, 10
there should be at least 3 dipoles in the array and prefer
ably about 10 to 30 dipoles.

The foregoing detailed description has been given for
clearness of understanding only, and no unnecessary lim-
italions should be. understood therefrom, as modifications 15
will be obvious to those' skilled in the art.

What is claimed.is:
1."A, broadband unidirectional antenna comprisin£f'ln

array-of substantially coplanar andparalJel dipoles of
progre,ssiv~lyincreasil]g length - and.rspacingiin side-by- 20
side relationship;~·atio of the lengths of any two ad
[accnt dipolcs being glven by the formula

.where'.:lSn is the spacing between the dipole having the
length: L h and the adjacent larger dipole, .1S'n_I'll is the
spacing between the dipole having the length Ln and the

adjace..n.t,.sm...aIla'd.iPOl.e, and. T hU.'. the....significance preV.i
ouslyrassigned 'said dipoles being, fed in series by a corn-
mon feeder w ich. alternates in phase betweensiiccessive
dlpol~s. :"" .:__ ._- ~--- ---': - ,-"

~ .."',ffhearray. of; claim 1 wh~ch:·is symmetrical about a
Iine. ~nssing through the midpoint of each dipole in the
array.
3~A broadband .~lIiidfrectional".ant,enna"comprising an

arraYiP(a.plur-aUtY,9fsubstantially coplanar, and, parallel
dipolesof-progressivefy increasing. length in,' side-by-side
relations~jp, the endsof.said dipclesfaliirtg on a V-shaped
line- forming an, angle: a"t its vertexv the ratio of the
lengths of .any pair of •adjacent .dipoles being' given by
the formula

where L n, is the: length Of lhelongerdipoleof the pair,
L(u+l) is thelength ofthe, shorter dipole, and T is a con- 0;3
stant having a valueless than, 1, the dipoles in said array
beir,g(edip series by a common feeder which alternate,~

1800 in phase between successive dipoles;
4., The antenna of clatm 3 in' which the angle a has a

value, between "about, 20(> and, 100 0 and" the 'constant T

has a value hetween abou~;O.8 andn.ss.
5. The, antenna of claim3inwhich saidfeeder is a

balanced line"which twists, 180 0 'between the connections
to successive,dipoles.

6. A 'broadband unidirectional antenna comprising a
balanced feeder line consisting 'Q! two closely spaced.,
straight arid parallel conductors, a phuality of dipoles
each .consisting. of .two dipole elements, one of which
elements ts connecrcd :tdone of said conductors, the
other element being connected directly opposite the first
to the other of said conductors, the elements of any
dipole extending .in opposite directions perpendicular to
.1h.It planedetermineclby. said conductors, consecutive
<:TiPole dement~· on each of said-conductors extending in
opposite directions, the ratio of the lengths of the ele- j:"j
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6
connect an external circuit to _the feeder clements at sub
stantially the location of the shortest of the dipoles.

15. An antenna SystCH1' for wide-band use comprising
a minimum of three pairs of substantially parallel and

5 coplunar fincar conducting elements arranged in substan
lialiy collinear pairs, each pair of elements comprising
[he halves of a dipole; a two-conductor feeder, one con
ductor of which is connected to each -of said clements
substantially at the inner end thereof, adjacent parallel

lO clements being connected todiITerentconductors of the
feeder so that the' halves of the dipoles connect to, differ
ent conductors ofthefeedet and adjacent dipoles are
reversely. connected, the halves of each dipole being sub
stantially the same length; adjacent dipole elements being

I;) selectively spaced from each other along the feeder, the
lengths of the dements decreasing from one end of the
feeder to. the other substantially in accordance with a
substantially constant scale factor within the range from
about 0.8 to 0.95, each, dipole and the feeder between it

20 and the adjacent dipole constituting a cell, the cell dirnen
sion-from the .inner end.ofone.dipole to the 'outer end of
the next smaller adjacent dipole also generally decreasing
from one cell to the: next in the direction from the
longer to. the shorter dipoles So .that' the combination of

25 cells provjdes.a .subsrantially uniform wide-band response,
and means to connect all .external circult to the feeder
elements .. at .substantially the, location of the shortest. of
the dipoles. - .'

5
InctorsJrave-values within the range from about O.R to
about 0.95.

13. An antenna system for wide-band usc comprising
an.turray-of at least three linear substnntinlly parallel
conductingdipolcs. each dipole being composed oflwo
opposite substuruinlly cortincar conducting clements, a
two-conductor balanced rccu¢r navlng-onc·comillclorcon
nected to each of-said elements at substantially the inner
end Jhc.rcof.adj:rce~t parallel dipole . clements being rc~

verselyconncctcd ro.n different conductor of the feeder,
the. two elements of each -dipole being-ofsubstantially
equal length and successive elements being oflenglhs
w?ich differ from one dipole to the nextby a substantially
constant scale _factor.within _the range from about 0.8 to
about 0.95, the dipoles being spaced from each other in
a generally decreasing manner in the direction of de
creasing ele~ent length.rand means to connect the feeder
c~nductors, to an external ,circuit at substantially the Ioca
tion ofthe smallest dipole elements.

l~. An antenna' system for wide-band use COITiprising
aminimuI11Qf,threepairsof linear. substantially parallel
conducting ,el,ements ,arranged 'su..!2?taotja UYc..Qll1.anilIly,
each pair being substantially'collinear and comprising the
ha1v~s. of, adipole,atwo~cOiiOiictor feeder "connected 10
thein~r~nds, of,saidcoHinear pairs of elements, ad:
jacentparaliel elements being connected to different coo
ductors.of the-feeder. so that the halves of the dipoles
connect, to '., diffe~~nt '. conductors ,of the feeder candiad
[acent dipoles are, reversely .connecred, the halves of each
dipolebeing sllbslantially the same length; adjacent dipole 30
elements' being selectively spaced from each other, along
the feeder, the length of. .the-successive dipole elements
along the feeder decreasing in.accordance with a substan
tiallyconstant scale-factor, each dipole an~thefeeder

between it, and the adjacent dip?leconstituting a cell, the 3;;
dimension of _the> several cells 'measured from the point
of _conn~ction ofon~ _d,ipole, a~d-the_ feeder to the outer
endof-the ,nexts,lm~ller.-adj~centdipole, ,~lsodecreasing
from-.-?ne- cell>to_-_ the ne_~t:jn -:the direction-_ of. decreasing
dipole .lengt_~__-__ a~cordi:ngJ?a .substantiallyconstant-scale 40
rector-so that theCQmbi~ation,~fc~llspr~videsa sub"
stantially ,uniformWidc,:band response,and means to
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energy collectlngdoublets I. Resistance R ab
sorbs energy approaching from the direction of
the radio recetver and thereby prevents its re
flection back to the receiver.

Theenergycpllectingdoubletsl are prefe,rably 6
untuned and. coupled .' externally to the' feeder
.members through limiting impedances. herein
shown preferably in the form of small series con-
densersl'. 'United States Patent No. 1,908.536
describes B.type. of coupling condenser commonly 10
used in this type of antenna. By loosely coupling
the' doublets to the transmission ,llneTL in this
manner, they have lesaeftect upon the velocity
of the wave in the line. and their effect remains
small in spite 'of appreciably large ver-auons to. 11
the length or the recetved.wav;a, SiT", ~'thlstn)e

or antenna Is-well-known in tL ..~ ..,-.~-o. further
description is herein deemed nt;..:e.s::>.~fY. except
perhaps to 'refer to United States Patent No.
1,821,402, supra, which describes such en arrange- 2G
merit, .

Fig. 2 shows various graphs illustrating fre
quency versus etlective height characteristics of
an antenna' of the typeshown in1?g-.~~ ,Grapha
Is the frequencyresponsecuiYe·'fora··fishb(me~~
antenna having one par-ticular length of double-t
wire and value of coupltng. condenser. Graph. b
shows a similar frequency responsa eurvs for a
shorter length of doublet, and graph c represents
a Irequency response curve fora still shorter 3D
Ienzt.h of doublet.

Referring to Fig. 3a which illustrates one em-
bodiment of the present Invention, there are
shown.vtwo sets of doublets 10 and' II having
different lengths, all capacity coupled. to the .sa
Itne TL in the same 'manner as shown In Fig. 1.
The doublets 10 and f I, it wtll be observed, are
grouped together In two different lengths.

Fig.. 3b· shows another .embodfment cr the In
ventdon watch Is. quite stmtlar to, the system of 4-0
Fig.3a except that there are here.shown a "flsh
bone"array having groups of doublets of 'three
eirrerenr lengths; namely T, S and'S. In this em
bodtmene doubtcta ! contribute the greater pee
Uoo of., the energy at ° the lower frequencies, 45
doublets a at Intermediate frequencies and dcu
bIets Tat the higher rrequencles. Now, at the
higher. frequencies where doublets 1 are con..
trlbuUng the greater portion of the signal en
ergy .doublets II may load the transmission line GO
TL Quite heavily.. "I'herefore.ft 15 ndvantageousto
place these doublets ahead of doublet 1 so that
the u-serulslgnal energy JXlsSlng from 1 to the
trunsrntssfon line and thence to the recelver.ua
not B.bsorbedby the loading or doublets to

%.192,5;1%

DIRECTIVE ANTE:'1NA

STATES' PATENT

llartiil Katzin; Rl-fez-head, N; Y.; ass-tgnorto Radio
Corporation of Amerlea, a corporation of Dela-
ware . ---

UNITED

Application February

n Claims.

This Invention relates to directive antennas and
more-particularly to .dtrectfve receiving antennas
of' the so-called "flshbone" array.

The directive ..tishbone" receiving array now
6 USed-in conimercial.-_~adio- reception.collsistsof· a

number of. parallel.vequally. spaced.tstmilartstze
collector wires or doublets connected through
small coupling capacitors to a common transmta
sian line which conducts the signal to the.radlo

10 receiver. The length of the collector wtres and
the slze of the coupling condensers are chosen to
give maximum received signal for a desired band
of frequencies. '.Such an arrangement is ~e5cribed
In U. S.Patent No. 1,821,402, granted September

14 1. 1931, to HaraldO. Peterson. It has been
found,however, that this antenna arraylresponds
rathertmurkedly toonly a relatively ~alt Ire
quency band. so that it is necessary .to] use sev-.
era! arrays to effectively cover the commerctat

20 frequency. spectrum. !

The .present invention provides an improved
dtrecttve antenna in the form of a "fishbcne" ar
ray whtch jdves more uniform response over a
'Wide Irequency band and thus makes it possible

U to efficientlyr.eceive over a.much'>wider rre
quency spectrum, so that .for a given ~requency

range to be covered, a smaller number of antenna
arrays will be required.

A better .understandlng of the present tnven- .
30 tton may be had by referring to the following de.

tailed descrtptlon which Is accompanied .by draw
ing wberelnr

Flg~ l' mustratesa known type of antenna in
the form of a so-called "Ifshbone" array;

as Fig~ 2 is a. graph showing curves explanatory of
the operational Fig. 1 :
Figs.3a~ 3b,3c and 3d Hlustrate four: different

embodiments of· the present Invention; and
Fig. 4 is a graph showing curves explanatory of

the opcratton or the antennasor the.fnventton.
",0 Referring to Fig. I, there is shown a "directive,

antennao( known type comprising, a two wire
transmlsslon line TL to which are coupled trans
verse doublets I, The wires of transmission line

'" TL are closely-spaced in order to avold their pick
lng up recelvedcenergy. One terminal o( the
transmisalon line Is connected to suitable high
frequency apparatus" herein Indicated convcn
tfonally in box form by the dcslgnattcn "radfo re-

60 cervoe.' To make-the antenna-unfjaterar Jn df
rectlvltY,the end or thellne TL nearest the de
sired transmUting statlon and farthest removed
Irom theradto receiver is closed by a suitable tee;
minuting resistance R whose Impedance Is equal

" to the surge impedance ot the llne as loaded by
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Fig~ Sc illustrates a still Jurfber ernbodlment of which 'are coupled to different wires of said line. ;
thelnvcntian wherein there is employeda tapered and high frequency apparatus coupled to one end
":array eomprlslng doublets which taper contlnu- of said nne, said antenna. being- aperiodic f'or
ously in length from one end of the antenna to waves or all frequencies in said band.

• the other, 3. A directive receiving antenna; capable of re- 6
In Pig. 3d, whIch Ulustrates a further embodt- cetving' a wide band of Jrequencfes compdsmg ,s.

ment, the spacings between adjacent doublets two wire transmission, line, a plurality of doublets
along the. transmfssion line TL are made greater at different lengths externally coupled" to ,said
for the longer doublets f2 than for the shorter line transversely, each doublet having' two arms-

10 ones U~ In this manner there is obtained rough- which are coupled to different wires. of said line. 10
11' the same Dumber of doublets per wavelength high' frequen-cy apparatus coupled to one end of
along the transmlsslcn line of the mean operating said tine, and a resistance substantially equal to
freQuency for those doublets in each group. the surge impedance er sete line as loaded bysafd

Reverting fora moment to the graphs of Fig.' doublets coupled to the other end thereOf" said
18 2, it Will be evident that each group of corrector doublets having lengths .whtch decrease- !1l)ro the u

doublets of a particular length will respond most end at Which said resistance is Iocated toward
efficiently to its corresponding band'o! ire- said high frequency apparatus. satd anterma be
quenctes, so that the combination of two or more ing aperiodic for waves of all frequencies 1nssld
ot such groups, as represented 'by curves 4. b and band. ,

20 c. will give t.he result of high response for a wider 4. A airective. antenna 'comprlslng a transmls- 20
frequency band. . . . . .. ... sian line,high frequency epparatua-coupled to

Figs, ae. 3b and 3c employ thts principle and said line. and a plurality of transverse aerial ete-
give the result of high response for a wtcer rre- ments or different lengths coupled to said Une
quency band.ras-sbown in the.t'avo curves c" and for ennbUl}g communicatfcn with wavea cver a

2.l$ b'of Fig. 4, wt:-tehrepresent respectively the relatlvely.wfde Ircquency.band-each.of.sald aerial 2t'
arrangements of Figs. ~a and 3b.The use of a elcments.comprislng a pair of arms capar:itive1Y
tapered array such as' shown in Fig, 3c results in coupled externally "to said line, there being a
a more. uniform response over tlJe desired fre- groupe"! aerial elements for each dltlerent Ieng'th,
cuencysnectrwe. satd.antenna.bclng.apertodie for: waves, of aU fre-

The capacitors through which the doublets of quencles in said band, . SO
Figs~ 3a. 3b, 3c and Sa are coupled to line 'I'L .5. A directive antenna tor communication over
need not be ali, of equal capacitance but rather a band of. frequencies comprising a-transtnlsslcn
the capacltanceabould be properly proportioned line, high frequency apparatus. coupled to sald
tor each length of doublet to I;h'e "Optimum trans- liue. and a p~uralityorrelat1vely" closely-spaced

as fer of roltaee tothe line TL without Impostng ad- acrlalelements ccnttnuously decreasing In length 3.:s
verse lo~dit1g. :Tbe method ofsE?lect1ng the de- toward !'iaidhigh frequencyapparatus, said ele
sire,dt'alue; of capacitance is well known in the menta being loosely coupled to said Ilne, said
art. . \ . . . antenna being aperiodic ror weves of all Irequen-,

It is to b€ distinctly understood that the pres- ctes in said band.
(0 ent invention is not Itrmted to the precise arrange- 6. A directive recelvlng antenna capable of re- (0

menta shewn and described since various modi- cetvlng a wide band of frequencies comprising ,8.

flcattcns may be made without departing from relatively closely spaced straight two wire trans-
. the spirit and scope of the Invcntton. It should mission line. a plurality of energy pick-up dou
also be, understood thatalthouG"1J. the invention btces -coupledtransversely and extern:llly:' to said

45' has been.descrlbedpnrttcularlz with reference to line,· each" GQublethaVlngtwo,arrns:'whlch. are 4.3
a reccfvlnx system. it is not limited thereto since coupled capactttvely to different" wires or said
the antenna may equally well be used for 'trana- line. high frequency apparatus coupled, to one
mitting purposes. Although the doublets have cndofsaidl;ine and a damplng reslstancecoupled
been shown capacttfvely coupled to the transrnis- to. the other end of said line; satd doublets being

6t) sian line TL; it should be understood that the diVided into groups having different ,lent;ths of GO
"flshbone" type of array is not limited to such conductors, said antenna being arertocrc tor
manner of coupling, since the doublets may, if waves of all Irequenctes tn said band.
desired•.be.alternativelY connected either rests- 7, A. directive recetvtne antenna comprIsing- :l
t!vely or direetl~' to .thcline TLin.thesameman~ transmlsston line, high .frequency . apparatus

~lS;ner asidescrfbed In" United states Patent No. coupled to said line. arid a plurality o.!aerial ete- ljlj

t.84r;.402, supra.vend the present invention is ments. al!:9f different lengths, C'onth1uopsly ta
applicable to any of these or other types of "fish- peting- In Jcngth from one end .of sll;;id antenna
bone" antennae wherein any des ired type of cou- to the other and coupled capacltivelytos~idline,
piing, is used between doublets and line. the longest aerial element beinglocatcd:farthest

V'o'11at ds claimed is; fr-om. said high frequency apparatus, said an-
L A directive receiving antenna comprIsing a. tenna being aperiodic over a wide band of fre-. 611

transmtsslon line, high frequency apparatus quencfea.
coupled to said line. and a plurality of transverse 8. A dlrecttve antenna comprising a:straight
relatively closely spaced aerial clements ot dif... transmission line, hlgh frequency apparatus

65 Iererit lengths loosely coupled to said line for coupled to. said nne. and a pluralily of transverse ClJ
enabling comrnunicatlon wtth waves over a rela- relatively closely spaced aerial elements cr dtr
ttvely wtde frequency band, said antenna being ferent lengths loosely coupled to said line tor
aperiodic tor waves of aU .frequencies in said enabllng cornmunleatton with waves over a. rela...
ban.d. ... , . . . . . . . . . tively widefrequency band;sa1dantenna beIng

'10 2. A dirccUverecel\'ing antenna, "capable of· apCriod~c fot waves of allfre'Quehcles m said" TO'
receiving a v.ide' band of, frequencies comprIsing band.
a. straight tv.:owire transmission Une. a plurality 9. A directive 'antenna cornpdsinc. a transrnls
or re,Iat1vety closely sp~ced doublets .of dtrrerent "slon Une,. hIgh ·Crequency apparatus: COUpled to
leneths: e~tema.uy.and lopsE:.ly coupled. to Hild ,saId llne.and 8.. pluraIlty of ,relatively .close1.Y

rl Unetrans\,e.rscJy, each douhlet havIng two arms spaced aerJal elCl~:u~ntsof different Jenglhs coupled:1
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efze from the end of the line 10 which' the" trans
latingapparatus is c:ou111ed. sald. aDtennabe1DC
aperiodic for wavesot all frequencies in said

band.11. A .d1rectlv-eantenna.comprlstng' a trans- a
zrusston line. high frequency apparatus coupled
to said line, and a phirality otgroups of aerial
elements'of different lengths coupled .to said uee
along the length thereof,: the spacings between 10
adja.cent elements for the 'longer elements being
greater than tor theshorlerelernents. safdan~
tenna being ·aI>erlocilc avera wide· band oftre
quencles.

-,---.~----.._..~~"- "'-"-'"'-'--:'\~' -' "
,>

I

------10 said Une through 1iIol\ll1i impedances for
tnablingcommunication w.lth wavesever' 8 n1a:-.
tively wide "frequency band, said antenna being
aperiodic for ",'aves of aU frequencies 10 sald band,

10. A directive antenna comprising a. trans
mission line. high Irequency trensrauns appara
tus coupled to said 'line at ODe end, and three
groups of transverse, aerial clements of differ-
ent lengths coupled tc said Ilne along the length

10 thereof for enabling ccmmunrcettcn with waves
over a relativelY vade frequency band. the aerial
elements in each group being of the same length..
eacbot said aerial elements comprlslng a doUblet
having a .pair of arms capacltlvely coupled a-

U ternaJJ;v to said line. said <loublet3l.acre~ ll>,
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