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f' ) Gnnnnr Wennerberg, Pacific Palisades, Calif., asngner,""
. by mesne assignments, to Meterenn, Inc., Chtcnﬂei ﬂle "
-f n ceryemtﬁen of Hilimois

e ,memee o
Mnemnnc ANTENNA SYSTEMS

Flled Jan, 3, 1958 Ser. Ne. 7@6 912
11 C'ernls. (Cl 343——117)

.1 Thls invention reletee te magnetlc antenna systerns and "
. mere particularly to an improved flush type magnetic
©° . antenna, - suitable for: nlcuntlng en -an’ alreraft whtcn --
7 employs no moving parts. - |

- way of example.
. -out in the appended claims,

10

As heretcfcre empleyed flush type rneonetlc antennasﬂ;.'

ments between which A rntetable coil IS meunted

which centrlbutes cen51derably to its cost.

e "used as directional antennas for antomatic direction finders
©  on aircraft are formed either as a plurality of fixed mag-
 netic elements a.rrnnged in spoke-like fashion about a
. rotatable core which carries a coil for connection to the
._'recewer, Oor as a pair ef crescent—sheped magnetic ele--
‘antenna system comprising such numercus parts of ceurse'
- takes.-considerable time and- pains to assemble a factor .
- In addition,
- the use of any rotating parts in the vicinity of the. surface
~at which the antenna is mounted necessitates etrengthen--
‘. ing of the aircraft frame in the immediate vicinity, all of
~ which contributes to the weight and bulk of the system.

15
- pensation, m accordance with this invention,

20

S Furthermere mherent in the movement of such coils is

- figurations.

-+ systems; in each, two Or more: femte elements are spaced
‘from a rotatable coil, and means. are employed to vary
- the shape and/or positions of such elements.
- take the form either of ferrite stubs fixed ‘across the outer.
~+ orof means to vary the spactng between the elements.
. such arrangements require painstaking care and machining
.. toproper dimensions, and of course add to the weight, cost
- and bulk of the ‘antenna structure. |
N “inherent variations in. mductance of the rotatable coil of -
. previously known flush. type antennas necessanly affect
- compensation; accordingly, all such means to effect quad- |
~ - rantal error compensation are. at best only apprexunate
= It is an object of this invention to ‘provide a ilush

f--;'_--meunted megnenc anten*la Wthh dces not employ any '-..-'-'._."tmn “Obviously each of the coil ends could be fixed to

“All

Fur thermore, the

-+ -a variation in their inductance, which prevents receiver - .
' tuning to the-same frequency: in all ‘positions of the coil.
. Alsointhe prior art, quadrantal error compensation with
. __--[emte antennas is achieved with undesirable structure con-
B Dlﬁerent schemes. have been - proposed for
:.f'il-_'_.quedra.ntnl error compensation in flush mounted antenna

.. 3, en 663
Patented e,.pr. ee teez-ﬂ_ :

The scepe cf the IIIVcIlt]_OIl IS pctnted' .

In the drawing, |
“FIG. 1is a perspective view of an antenna structure em-

-pleylnﬂ' a Square magnetlc element in acccrdance Wlth' |

this invention, . | -
"FIG. 2 is a schematic dlagrnm 1llustratmg an automatic

S dtrectten finder system incorporating the antenna of FIG,
1, also in accordance with this invention, | S

- FIG. 3 is a sectional view, taken aleng line. 3---3 nfi

--FIG H of the structure mounted on an aircraft,

“FIG. 4 is a top plan view of an antenna structure em-

ploytng a circular magnene element alse 1n accerdancef"

with this invention, .

- FIG.51is a p..,rspectwe view ef an antenna 1llustrat1ng
a rectangular magnetic 'element for quadrantal €IT0T com-

FIG. 61is a perspectwe view cf the structure ef FIG 5

~ mounted on an aircraft,

FIG ‘7 13 a eectlnnel wew taken eleng hne 7—-—-7 cf

;FI . 6,

T G- 8 1S a plan view ef a rectanguler megnetlc element

”-_._-w1th a modified Wmdlng arrangement fnrther 1n ecccrd-
ance with this invention, and
FIGS. 9 and 10 are plnn views ef dlfferent shapes of

5 magnetic elements empleytng a wmdzng arrangement as
- in FIG. 8. -

Referrlng to .FIG 1 one embedlment of a magnetlc .:

'antenna structure in accordance with this invention em- -
- ploys a flat square- element 1¢ of hlﬁh-frequency, high-.

30" permeability material, which may be a dust iron or ferrite
““slab, upon which are mounted wmdlngs 12,14,  As

-_'shewn winding 12 is formed of a pair of coils 16,18 mede |

-~ of conductive ribbons weund in one direction abeut ele~

- ment 19; mmﬂerly, winding 14 is formed of a palr. of
coils 28, 22 made of conductive ribbons wound at right
- angles to winding 12. Each coil has one end conductively -

" connected, as by solder connections, to one end of the

- metallic cylinder 24 of a terminal socket centered in ele-
- ment 19; the remaining ends of coils 16, 18 are connected
to reSpectWe terminal pins 26, 28 and the remalnlng ends

- of coils 28, 22 are connected to respective pins 3@, 32 which

Such means

40
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“.7 .. 'moving. parts, and which comprises a minimum number -

w of component parts in a ferm ennpler than any herete-- !
g _' f{}re emplched . | — o
. v It is.another ebject cf th1s 1nventten 10 prowde an 111‘1'""_
R 'f'preved directional antenna of the flush mounted type for
'{'-?.;uee in direction ﬁndmg applications on aircraft, ‘wherein. -
. a pair of windings form the entenna and are nct snb]ect
-_-te variations in inductance., S
. Another object of this 1nven10n is to prewde a ﬁxed,"f"-; o
I d1rcct1enel antenna system to - 1eplece retnteble loop,
 antenna elements heretofore employed, wherein remote |
- goniometer means are employed to effect translation of
- received signals to an ADF receiver, and wherein remote. 60
- motor means are cennected between the receiver and said
;"'ﬁ-_._--f_;_jgcmemeter means to reduce szgnels epphed te the Tex
g ?fl'*i:"'.‘f;f:_*i-cel ver.tolzero. -

x peruens of one or more of the other coils. S
- direct contact, insulation is provided where necessary, as -
- by coating the conductors with suitable |
‘inserting strips of insulation material between the pcrttens, -

-- 55 involved, or between successive layers of conductors.-

- A -further cb]ect ef th1s InVentmn is to pmwde an |

o '5'_;'entenna arrangement using a flat magnetic element with -
" windings thereon, wherein said ‘element is cenﬁgmed to
. effect quadrantal error compensation. - 7 S
- The above and other objects and advantages of thls;.

invention will become apparent’ from the fcllewm g de- 7

| scription, taken in conjunction’ with the ‘accompanying
S drewmg, m Wthh a preferred embediment is 111ustrated by. |

65

* receiver is connected to the control winding 50 of a two-

“the pilot.

are fixed in an insulating support 34 disposed within ring

24, In this manner, the pairs of coils 16—18 and 20—22

are connected in serlee to fcrm the respectwe wmdlngs |
< 12, 14, |

Ring 24 will be recegnlzed es used as a grcnnd cennec-—_

a separnte ground pin (not shown) 80 that the rlng need
‘not be used for this purpose.: S

it Wﬂl be noted that pemens ef the ccﬂs Cross over
" To prevent"

Referring to FIG. 2, connections are made from p1nsj_

26 28 and from pins 390, 32 to the ends of respective stator-
_windings 35, 36 of a conventional goniometer device 49; |

the goniometer is mounted within the aircraft, preferebly |

on the instrument panel in the cockpit, in a pesmcn where
* movement of a pointer 42 carried by its‘rotor is visible to .
The rotor winding 44 of the goniometer is con-.
nected te the input of an ADF receiver 46 in a conven--

tional ‘manner, .the rotor winding 44 being inductively
coupled to the tuner 48 of the receiver. The output of the

- phase motor 52 which has an A -C. reference voltage ap-

plied to its reference winding 54.  The output shaft 56 -

of motor 52 is connected to the reter shaft of the gcni-f N
ometer, as indicated at 58. | o .

- It will be: neted thet in addltlen to or in heu ef pemter B

waterial, or by



-
g_,ﬂ

&2, 2 synchro device (not shown) may be operated by
motor shaft 56, from which repeater synchro means may
present indications elsewhere in the aircraft. |

Preferably, wmdmgs 12, 14 each have the same in-

ductance. This is effected by proper choice of number
of turns and suitably spacing the turns of the windings.
Thus, since the windings are fixed, no variations in in-
ductance can occur; further, since they are wound at right

angles to each other, there is no mutual mductance be--

tween them,

It should be noted that by placing the two wndmgs on
the same flat ferrite element as shown, one winding 14,
‘being wound over the other winding 12, effectively sup-
ports such other winding in assembly. However, the pro-
cedure for winding can be varied as desired; for example,
‘the windings may be assembled in a “basket-weave” pat-

- term, 1e,, with their turns interlaced, so they are mutually

supporting in assembly. - Electrically, basket-wsaving
achieves symmetry as to winding capacity.

- After the windings are assembled as descr ibed the
structure is mounted on the surface of the aircraft, e.g.,

the belly of the aircrafi, in a depressicn in the met...ﬂ__lc-

3,051,883

10

&
structure above described will be readily apparent. For-
ther, the elimination of any moving paris adjacent the
surface of the aircraft removes such troublesome prob-
lems as oil, grease and dirt flowing along the surface and
into the rotatable parts to di-smpt their mechanical and
electrical operation.

FIG. 4 illustrates windings 12, 34 are placed on 2 flat
circular element 78 of ferrite.

the element, and the windings are at right angles o each
other, there is no mutual inductance, With the same in-
ductance for each winding, the antenna functions in the
same mantier as that of FIG. 1.

The structures above described are useful where quad-
rantal errors are not a problem; howeaver, they are not
practical where large quadramal errors exisi. The prob-
lem of quadrantal error arises in ADF operation be-
cause of the efiect of the shape of the structure (such as
an atrcraft) on which the antenna is mwounted. For
the antenna structures of FIGS. 1 and 4, this means that,
measured from the same point in space, the strength of a

- signal induced in winding 12 during flight dirﬁcd}f toward

skin 8. A suitable insulation material 62, which may be

a thermoplastic resin, covers the outer sut‘far.:a of element
10 and, if desired, fills the cr evices between the edges of
the ;elﬂment and skin 6%. The metallic ring 24 extends

to the interior of the zircraft, where the electrical connec-

tions previously described are 1=d to the goniometer m the

cmkpit

By arranging the windings on the sarne flat element, i.e., 3
“with their axes in the same plane, maximum effectiveness |

of conversion of magnetic field variations in the ferrite

s I
) |

material to electrical energy in the coils is realized, This -

est concentration of magnetic lines of force. And by
using element 10 as a common ferrite element to effect in-

ducing of voltages in both windings, the irreducible min-

imum of magnetic elements is reached; as previcusly indi-
cated, other magnetic antennas use two or more ferrite
elements. - |
The stator windings 35, 36 of goniometer 49 are wound
so as to be 90° apart electrically, as is conventional.
When the transmitter station is straight ahead of the air-
- craft, a signal is picked up only in winding 12; the signal

ay be better understood by considering that by so nlac-
ing both windings, both are located in the vicinity of great- ¢

4

45

appearing in the output of receiver 46 causes motor 52 to

position the rotor shaft so that winding 44 is at right angles

to stator winding 35, at which point the induced signal -

drsappears. Pointer 42 in this position indicates a null
point aligned with the heading of the aircraft. If the
station is directly to the rear of the aircraft, rotor wind-
ing 44 is positioned at right angles to stator winding 38,
but reversed 180° from its position when the aircraft
-1s flying directly toward the station. Pointer 42 in this
situation would indicate that the station was 180° from

b5

null.  Such ambiguity- resolutmn will be ecogmzyd as

convenn onal.

Similarly, for flight tangentlally with respect to the.

_tra,ﬂsmit‘fer a Slgﬂal would be induced in winding 14 only;
the output of receiver 46 causes motor 52 to position
winding 44 at right angles to stator winding 36. Pointer

- k4 during fligiht tangential to the station.

sensitivities of the windings the same.

an ADF station is greater than that induced in wmdmg
‘The effect of
the different pickup sensitivities is that if, for example, the
station 1s 45° from the major axis of the aircraft, pointer
42 would indicate that the station is less than 45° from
the line of ﬁrght The difference between the true and

apparent divections to the station is the guadrantal error.

FIGS. 5-7 illusirate an antenma struciure arranged in

~accordance wiih this invention to insure complete quad- |

rantal error compensation. This is achieved by piacing
Wl];ldIIlD'S 12, 14 on an oblong ferrite bar 3% (in which case
the turns of winding 12 are longer than those of winding
i14) having a length-to-width ratio such that the previous}'y
indicated differences in field pickup are eliminated. As

‘in the structures above described, windings 12, 14 have

their axes in the same plane, they have the same in-
ductance, and there is no mutual inductance. The place-
ment of ferrite bar 89 with its greater dimension paraliel
to the line of flight has the effect of making the pickup
Therefore, for
flight in any direction relative to the station, pointer 42
indicates the true direction of the station fmm the head-
ing of the aircraft. .

FIGS. 6 and 7 illustrate an arrangement to aﬁx the
structure of FIG. 5 to an aircraft. The structure is
placed within a thin plastic housing 82, here illustrated
as transparent, which is secured to the skin €0’ of the
aircraft, e.g., by riveting. -In this case, the skin does not

have to be modified to provide a depression in which the

structure 1s fitted; all that is necessary is to bore a hole
in woich the terminal socket is inserted, and from which
connections to the goniometer are made as previ{}uslv
described.

Between the outer surface of bar ﬁ@ and heusmg 82
18 a thin oblong element 84 of metal.

Element 84 i1s

- sufficiently long to span all the turns of winding 14, and

60

42 would here indicate that the station was at 90° or .

270" from nuli, depending upon the direction of tangential

flight.

Where the station is to the right or left of the air-
craft, the magnetic field threads both windings and in-
duces a signal in each; the magnitude of one signal cor-
responds to the siite and the other to the cosine of the
angle between the station and the aircraft. In this sit-
uation, motor ‘52 causes rotor winding 44 to assume. &
position between stator windings 35, 3§ which corre-
sponds to the vector addition of the signals. Pointer 42
here indicates the dlrectlon of the station relative to the
line of flight. |

- Previously mentwned advant 1ages of the system and

- is sufficiently wide to span all the turns of winding 12.
A sheet 86 of insulation material separates element 84
from the windings 12, 14. Element 84 may be the same

metal as the skin of the aircraft, in which case the an-

 tenna elements are sandwiched between layers of alu-

65

70

76

minum. The effect of these layers is to minimize mag-
netic leakage in the vicinity of the wmdmgs and to im-

prove shielding against capacitive pickup, tbel eby to crni-
hance their pickup sensitivity.. |

A further 1mp0rtant aavantage of the campens**ted an-
tenna is that, since there is no problem of variation in
mductances of the windings, and there is no mutual in-
ductance, the windings and their associated structure res-
onate at the same frenuency in all positions of the rotor
winding of the goniomster.

FIG. 8 illustrates an arrangement for achieving quad-
rantal error comp nsation wherein windings 1€, 12 of

Zo long as the turns of
the respective windings are symmetrically arranged on

rth: I.__ I

Fir"




- Of OPPOSIte Slgl'l

S ondneter
. be conventional round wire, flat braided wire, Litz wire,
SR -r-prmted strips, or any. of numerous types. .
. of wire and wmdlng arrangement would be dictated by ..
shre]dmg desrred and plekup smsr—*f_f N
Lo tivity, : 65
. What is essentlal is that the ferr1te element he ﬂat and';‘,j -
"1 shaped to permit turns'to be wound thereon to form two -
- windings having axes in- the same plane, and’ posmened
in the
~ . case of antenna structures ‘adapted for quadrantal error.’
- compensation, an additional requirement is that the ferrite
element be elongated in one dimension along an axis of

symmetry, and that the w:tnclmgs be dtspesed about such

5 ,. e

equal chmensrone are W{}'tlﬂd acress bar 80 s0 that the__'

;angle o betwecn then' axes which' 1ntercepts the ma]er"
o+ axis of bar 86 is. bisected hy such major axis.
© = preferably is-chosen so that for the dimensions of the
. ferrite element, the mutual inductance is zero.
© o mutwal 1ndnctance angle « is greater than 90“ dne to'_:_"
- the effect of the femte - *

Se U To further explain the arr ange:tnenrt in FIG 8 1t shenld
RS be noted thlat if the windings are centrally located on
RPN bar 88, and are. placecl parallel to each ether and at right
o 'fangles to the ma]er axis-of the bar, a maximum mutual -
. inductance of one sign would exist. |
i 'arrangement of ‘the thdmgs parallel to the major. axis.
. of the bar wenld result'in a maximum mutual inductance

| By orienting both thdrngs so that they
- ¢cross. the ma}er axis. of the ferrite element, an angle &s

.:f*:';“_;_;ﬁ"descrrhed is reached: wherem the mutual inductance is
i Zero;.as pz evreusly mdteated it has been found that this -
e greater than 90°.-
! '_._._"].If."}__dnetanee can be telerated as is. pessrble in some sifua-
. tions; it is sufficient if the angle « is chosen so that.the
BT mntual inductance dees not exceed the tolerable limits;
7 such’ angle may be greater or smaller than 90°, dependtn-:r
C.o oo upon the cenﬁgnratien of the ferrite element; .

The proper orientation of the windings for zere er

| . ings until the Q-meter shows no change when the other
- winding is alternately epen-erreurted and short-circuited.
"FIGS. 9 and 10 illustrate an arrangement wherein wind-

;_mﬂs 12, 14 are positioned on. respectwe tear—drep and

o rhenlbrc femte elements 99 and 169 in the manner shown
" in FIG. 8. As in that arrangement, elements 90 and 100

- each. have an axis of symmetry” and ‘the windings criss-

'cress such axis so that their aXes form equal angles with

 respective windings and the long1tnd1nal axis of the ferrite
- -element differ slightly in the. posrtten of the thdtngs to

. effect zero mutual inductance.. -
..+ From the foreﬂemg, it will be apparent that. thIS mven— |
-+ . tion embraces a variety of shapes of ferrite elements for

- supporting the windings, and’ that tne portion of its pe-
Triphery engaged by the conductors may be straight and/or

- curved.  And as will also be apparent the particular
. winding arrangement illustrated is presented as an ex-
. ample only For exarnple, instead of using coils con-
~ mected in series to form a winding, a single coil could be

55

used wherein its ends are connected to respective ter-
- minal pins; alternatwely, additional coils could be wound

- on the bar and cennected te ferrn wmdtngs havtng parallel

~ design factors e.g

......

so there is substanually no mutual inductance.

axis. |
A funther advantage to the arrangements of FIGS 8— 10

Fer ZET0

Srnnlarly, a parallel- |

fHeWever if eeme ‘mutual in-

‘The angle N

8

s that the wmdtngs are drsyesed te equahze or balance'_ o

_temperature and capamtanee eflects between them It

'_'_twe Wmdlngs centaln equal lengths of ferrite and equal

air-gaps. With wmdrngs of the same.dimensions, their

- stray capacitances are the same, in which case the ca-
pacitance effects between them are’ balaneed Also, since
the temperature coefficients of ‘equal lengths of the ferrlte' .

.. are equal, then with windings of equal dtmenswns dis~

10

115"* |

posed as in FIGS. 8-10, temperature efiects in one path
- are matched in the other, whereby. plCLIlp characterlstles.'_ ;
._fer both wmd;ngs rernanl equal . -

What is claimed is: . | -
1. In cemhrnatren wrth an automattc drreetmn ﬁnder_
receiv er, a flat oblon g ‘element of magnetic material, .

pair of superimposed windings having equal lndnctances o

supported on said element with their axes in a common '
plane and. eatendmg perpendicular to each other and

- parallel to edges of said oblong element, said windings

20

being positioned on said element so that there is no mutual

inductance therebetween, said element being positioned

- so that said plane. is aligned with the magnetic field set

 up by a transmitter station, a remote rotary transformer

1emher said rotary transformer
n 25 responding to signals induced in said windings due to said’
ST ;.tolerable mutual mdnctance may be. determined by con- . magnetic field to apply a resulfant: signal to the reeerver, |

R neetlng a Q-rneter to one winding and orienting the wind-

“ - device having an .output
25

- and' means responsive to the ontput of the ‘receiver to
~orient said output member to a position wherein the error

35
~_it. In each, the windings are arranged for zero or mini- -
EEC mnrn mutual inductance; and in each the orientation of-
. the ferrite element with ifs major axis parallel to-the
. *"f-“-~10ng1tud1nal centerling .of the aircraft insures that the

i Wrndrngs have the same’ plckup characteristics.. |
' Where the ferrite element is located on the aircraft in
" a position where it is not centered with respect to the
o ”long1tud1nal centerhne, the angles between the axes of the

0 45

. ;mdnctance when a magnetic -

 signal is reduced to zero and means for indicating the di~

rection to the statron being eeupled te sald entpnt mem-

ber.

2.:In eombrnatmn Wlth an antetnatte dn'ectzen ﬁnder '

-havmg a turner to which tnput signals are to be applied,

an antenna system comprising a thin sohd magnetic ele-

ment of uniform thickness between flat surfaces thereof,
- first and second antenna windirigs wound one over the .
- other-and about said element and on said fiat surfaces, .
said windings having equal induétances, portions of said

Lo ;W;tndmgs being located on either side ef a predeternnned- o
- 40 axis, said windings being positioned so there is no mutual -
field set up by a transmitter .

station’ threads said element, a goniometer device having

- first and second stator windings respectively connected to
- said first and second antenna windings, said stator wind-
‘ings being displaced 90 electrical degrees from each other,

~a rotor for said goniometer device having a winding sup-

 ported thereon, _

- coupled to the tuner, said rotor winding having induced

said rotor winding being inductively

" a signal 1epresent1ng_the vector addition of signals in-

50 duce _
- means responsive to signals from the receiver to rotate

duced in said antenna windings due to said magnetic field,

said rotor to a position wherein the signal in said rotor

~winding is reduced to zero, and indicating means operable =
“in said position of satd retor to indicate the drreetten te]' o

the station. | - e
3. A comblnatton in’ aceordance wrtn claim 2 Wheretn B

~ equal pertrens of said windings are located on either si de

Ner 18 thlS invention lm:nted te any partteular type ef
Instead of ﬂat rlbhen the conductors could

60

e ;--ef an axis of symmetry parallel to said fiat surfaces. -

4. A combination in accordance with claim 3, wherein
the axes of said antenna wmdmgs form equal angles with

- said axis of symmetry.

The choice .

70

'75

‘5. An antenna structure COIIIPI‘ISIIIe- a flat magnetic
element said element havmg at least one axis of symmetry

.and being elongated in the- direction of said one axis, a
pair of windings snpperted one over the other on said
‘element, said windings each havmg the same inductance,

said windings having their axes in the same plane said

" element being adapted to be poatttened so that a magnetic .
field established by a transmitter station passes through
said element in the direction of said plane, and said wind- =
ings being disposed on said element so that- mntual 1n-'
 ductance between them is zero. | |

6. In combination with an autematlc dll'eCtI(}Il ﬁnder' -

- receiver for use on-an aircraft, an antenna system includ-

ing a ﬁat element of - magneue matenal said element be- a
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ing elongated in the direction:of flight of the aircraft, a
pair of windings having equal inductances supported one
over the other on said element with their axes in a com-
mon plane, a goniometer device having first and second
stator windings disposed at right angles to each other, a

rotor having a winding thereon coupled to the input of

the receiver, a motor connected between the output of
the receiver and said rotor, said element being positioned
so that a magnetic field established by an automatic direc-
tion finder transmifter station threads said element and
induces signals in said windings, said stator windings
causing a signal to be induced in said rotor winding which

- represents the position of said rotor relative to the station,

and said receiver applying a signal to the motor to effect

positioning of said rotor so that the signal in said rotor

winding is reduced to zero, whereby the position of said
rotor corresponds {o ihe dlrectmn to the station.

7. The combination of claim 6 wherein said flat ele-
ment of magnetic material is of oblong shave.

8. An antenna structure for use on a movable vehicle:

including in combination, a thin magnetic element having
ilat parallel surfaces and adapted to be mounted on the
vehicle, said element being elongated in the direction of
movement of the vehicle and being syﬁlmetrical about
an axis extending in such direction, and a pair of wind-
ings havmg turns on said fiat surfaces and having axes in
the same plane, said windings being disposed with the axis

thereof at an angle with respect to each other and with

one winding being wound over the other, said windings
having the same inductance and being disposed about said

axis of symumetry so that the mutual inductance there-

between is substantially zero.
9. An antenna structure in accordance with claim -8
wherein said magnetm element is oblong, and one of said
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windings has turns extending parallel to the greater di-
mension of the element and the other of said windings
has turns extending perpendicular to the turns of said
one winding and parallel to the shorter dimension of said
¢lement.

10. An antenna structure in accordance with claim 8
wherein sajd magnetic element is pointed in the direction
of movement of the vehicle and the axis of symmetry
thereof blSBCtS the angle between the axes of said wind-.
ings. | -
11. A directional antenna structure for use on a mov-
able vehicle including in comblnatlon, thin solid mag-
netic element adapted to be mounted in fixed p051t10'1 on

the vehicle, said element having fiat rectangular surfaces

each having one pair of parallel sides which are parallel
to the direction of movement of the vehicle, and a pair
of windings about said element having turns extending
across said flat surfaces, said windings having axes in the
same plane and one winding being wound over the other,
one of sajd windings having turns extending parallel to
the direction of movement and the other of said windings
having turns extending perpendicular to the direction of
movement, said windings having the same inductance
and being disposed so that the mutual mdactance there-
between is substantially zero. |
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