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4 Claims.

Our- invention relates to- systems for the de-

tection-of distant objects and, more particularly;

tossuch: systems for determining the direction and
. distance-of objects:

It concerns-itself with sys-
tems- in- which the-antenna lobes are switched
- periodically and direction is determined by com-

paring: sighals received on the two lobe positions.

 Apparatus in accordance with our invention is
designed primarily for use in guided missiles.

- Lobe switching apparatus for detecting distant

objects constructed in accordance with the prior
art is:typified by Beck FPatent 2,409,183. In such

apparatus; wave guides are used as the antenna
~elements and a single reflector is used for both

guides, transmission occurs out of one wave guide
The transmit antenna patternsg are

at: a time.
identical to the receive antenng patterns, except

for the effect of the lobe switching mechanism
between the time the pulse is transmitted and the.
time it is received. This mechanism of the prior

- art alternately tunes and detunes the wave guides.

-In-accordance with the teaching of the prior-art,

- 1t is mechanically controlled and the switching
rate is low. Since the signal reflected from tar-
gels, ships, and planes in particular, fluctuates

(Tl 250—-—13)
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- same: as fluctuations in antenna. angle. |
servo, therefore, responds.similarliy to signals.of

20

to
wl

as much as 30 db, the more rapidly the:signals

o from left and right beams can be compared, the

less chance the returning signal has to vary:

- Further, when the transmit and receive patterns

are identical and in each of the lobe positions are
coincident, the pattern which results from plot-
ting the products of the vectors of one pattern by

the vectors of the other, which we shall define.as -

the directional sensitivity: pattern, will have g
beam separation for the two lobe positions, that

is-an angular separation of the peaks of the pat-
terns, equal to that of the transmit and receive

- patterns. This beam separation of the diree-
“tional sensitivity patterns is larzer than desired
because of the geometrical limitations of the feed
structure,

of the lobes are equal.
~advantage in a guided missile. |
- Prior art apparatus for defecting objects of

another type is exemplified in the Hoffman Pat-

ent 2,424.984, In_'Hof?ma-n’s-app-aratus; the an-

ol |
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o

We have found that this condition _40
causes excessive loss of effective power when on-
target; that is, when the received energies on each -
wuch loss is a decided dis-.

tennas are of the dipole type. Transmission.oc-

curs from both antenna. elements simultaneously
“and then reception alternately at one.or the other

antenng elements. The lobe switching:is effected
- The.direction:of the: receive pats

electronically.

51

terns: depend on the: difference: in- electrical -

lengths of the transmission paths to the two an-

2
tenna elements and, therefore; varies-asthe trans-
mitter- frequency drifts.. Because of this varia-
tion, the angle between the lobes and, therefore,
the accuracy of the lobe switching: mechanism:is
critically dependent on frequency.

In guided missile work, it.is necessary that the
auto pilots. or servo' systems which control the
flight of the missile receive stable: error informa-
tion, that is, stable information as to deviation
from the target. Ag the servo sees it, Auctuations
in strength of returning signals by reason: of the
physical characteristics: of the target are: the
The

both types and the flight is unstable. It is. de-
sirable, therefore, to. make: as: rapid as possible
comparisons. between the energies recewed ovVer
the two receive patterns orlobes.

It is accordingly an object. of our invention to
provide a radar system. which:shall have the com-
pactness, the accuracy and the freedom: from fie-
quency sensxtlwty indispensable to-guided: mlssﬂe_
use.

An-ancillary object of our invention: is to pro~
vide a-lobe switching system independent of fie-
quency, in which. the switching between: lobes
shall be effected. electronically.

Another ancillary objeet of our:invention:-is: to
provide a lobe switching: system: of the small di-
mensions indispensable-to guided missiles, which
shall have a high degree .of directional sensitivity
and at-the same:time shall transmit a: maximum
of energy in the-on-target:direction -

A further ancillary object- of our invention-is
to provide a lobe switching: system- suitable for
operation at high frequencws which-shall include
lobes..

A still further object of our 1nvent10n is-to-pro-
vide g -radar-impulse: system of the-lobe-switehed
type which shall be suitable for: operation at-high
frequencies, shall have a- high directional sensi-
tivity-and shall be-capable of transmittine- 2 Max-
imum-of-energy in-the-on-target direction-

In aecordance with our invention; we- premde
an- antenna lobe- switching system- having elee=-
tronic' switching  between lobes- in- whieh: the
lengths-of the transmission paths-to-the-antenna
elements-are not critical. Control means-is-also
provided: for transmitting - simultaneously -out- of
both antenna elements angd: then receiving en-
ergy.-on. only the left antenng.- element, transmit=
ting again out of:both antenna-elements- -angd-this
time-receiving:energy-only on- the r right-antenna;
element; This:control means may-be of any gen--

5 eral type but in accordance W1th the specific as-
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- pects ef our mventlen melude a mu_'ltlwbrator ef
the Eccles-Jordan scale of two type and discharge .
devices responsive to the plate outputs of the

multivibrator and located In or alongside the

transmission paths from the transmltter and
recelver means.
In the specific pre,etlee Of ‘our mventmn the

2,627,020

trahsmission paths to the antenna elements and "

the antenna elements themselves are wave guides.

~ When using these wave guides, the eil 'ective op~
eration of the
changes in frequency during operation.

- The novel features that we consider cha,rectel -
istic of our invention are set forth with particu-
larity in the appended claims.

The invention

10

equipment is not affected by

itself, however both as to its organization and its

methed of operation, together with additional
obiects and advantages thereof, will be under-

stood from the following description of specific '

embodiments thereof when read in connection
with the accompanying drawing, in which: |
- Figure 1 is a schematic diagram of apparatus

and circuits of an embodiment of our invention:
Figure 2¢ is a diagram showing the transmit.

and receive lobe petterns of the apparatus ehown
in Fig. 1; and

20
TR

o the transmitter of energy transmitted through
“them. In the specific embodiment of our inven-

tion, this means for blecklng the return of energy
through the two transmission paths 21 and 23
to the transmitter means { from the antenna ele-

“ments {7 and {8 are ATR (anti transmisser-re~
ceiver) tubes 33 and 31, one in each path. When
{these ATR tubes 20 end 31 are nonconductive

they constitute an open circuit in the transmis-
sion paths 21 and 23 blocking flow of energy along
the transmission path.
means 1 is triggered these tubes 30 and 3| break
down for the period of the high energy trans-
mitted pulse so as to permit energy to flow to the
antenna elements {7 and 19 from the transmitter
means {. Discharge devices 33 and 3% which form
a, part of control means § are provided for block-
ing the transmission of transmitted and received
energy through the transmission paths 6 and 7
under the proper circumstances. In the specific
embodiment of our invention, these devices are
(transmitter-receiver)  tubes 23 and 38.
When either of these tubes 33 or 35 breaks down,

it short circuits its corresponding path preventing

20

Figure 2b is a diagram ehewmg the directional

sensitivity patterns resulting from the transmlt
and receive patterns shown in Fg. 2«. |

- Referring to Figure 1, the drawing of the ap-
paratus comprises four main parts. The first two
main parts are the transmitter means | and the

receiver means 3. The third main part is an an-

flow of energy through 1¢ to the receiver means 3.
- The ATR tubes 38 and 31 are located a distance’
of ¥4 wave length along the wave guide away

-~ from the junction poinus a and ¢! of the guides T

30

along the wave

tenna structure 5 to which energy is. conveyed .

froma the transmitter means. This antennsa

- structure § likewise receives the reﬂeeted energy

ond control means § are provided for blocking

transmission of received energy through only

one of the transmission paths 7 and 8 to the re-
ceiver means 3 after the transmission of impulse

energy, blocking the transmission of received en-
ergy to the other transmission path 7 or 8 to the
receiver means 3 after the next impulse is trans-

mitted, thus alternately blocking the {ransmis-
sion paths T and 8. This control means 6 also
plocks transmission of energy to the receiver

means 8 during the instants of transmission of

impulse energy from the transmitter means f.
The control means § for accomphshmg this con-
stitutes the fourth main part.

The transmitter means- | con51sts of a trlggel
generator 9, a modulator 1 and a transmitter
oscillator {2, which in the preferred practice of

our invention may be a magnetron. This trans-

“mitter means | may be of any 'st‘enderd type
known in the art. The receiver means 3
wise of standard type.

15 hke-

35
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and {7 and 8 and 19, respectively. The TR tubes
23 and 35 are located a di stance of 15 wave length
suide away from the junction

points ¢ and a!. When these tubes 390, 34, 33
end 25 are so located substantially no R. F.
energy is reflected within the wave guides 1, 8§,
2{ and 23, either on transmission oOr receptlon
The ATR tubes 88 and 31 are located on the sides

of the transmissicnt patirs or wave osuides 21 and

23 and when energy from the transmitier means
{ is transmitted through the wave guides 21 and
23, the ATR tubes 80 and 3{ fire and allow the
passage of the energy to the antenna elements {7
and 19. The TR tubes 33 and 35 are located

" within the wave guides 7 and & which connect
~ the receiver means 3 to the antenna elements {7 .

o0

The third main part, the entenne structure G, - |

- comprises a reflecior {8, antenna elements 17 and
18, and transmission paths 7, 8, 21 and 23, lead-
ing to the antenna elements {7 and {9,

vention is a parabolic reflector.
reflector. 15 has a focal point 24, an axis 29, and
a vertex 26. HEach of the antenna elements T
and {8 comprise a wave guide having apertures
28 and 29, respectively, facing the reflector 3.
- Two transmission paths 21 and 23 connect the
transmitter means { to the antenna elements {7
“and (9. Twotr ensmlssmn paths 7 and § also con-
nect the receiver means 3 to the antenna ele-

ments 17 and 9. In the speck ic embodiment of

The
reflector 15 in the specific embodlment of our in-
-This parabolic

60
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and 19, These TR tubes 23 and 35 on being fired.

prevent the transmission of energy through the
wave guides 7 and &. Therefore, when energy

is transmitted from the transmitter means f,

these TR tubes 383 and 35 fire and none of this

transmitied energv can get to the receiver

means 3. o
The recewed energ;v, that i, the energy that

is returned after having been reﬂeeted off an

object, is not sufficient to fire either the TR or
ATR tubes 38, 21, 33 or 35. Thus provision has
to be made for ellewmg the received energy to
be plcked up or received by the receiver means
2. This is taken care of by control means 6 which

alternately fires the two TR tubes 33 and 9.

The contrcl means § or the fourth main part
comprises a mu1t1V1bretor 37, two conirol Qis-
charge devices 33 and 41 having anodes &3 ant

A5, cathodes £7 and 49, and control electrodes .

5{ and 53, respectively, and the two TR tubes

33 and 35 hereinbefore mentwned - The multi-
vibrator 37

is' responsive 10 the transmitier

- means | and more particularly to the outputl of

our invention, these four- trensmlssmn paths 1, 8,

- 2f and 23 are wave guldes The ‘bI‘&IluIIllSSlOR

the trigger generator 8. The multmb;amr 371

shown is an Eccles-Jordan scale of twoc mulii~
vibrators;

however, any suitable multividrator
may bhe. used. The multivibrator 3, comprises

two discharge devices 35 and &7, eachh discharge

device 58 and 57 having anodes 88 and &1, cath-

“odes €3 and 65, and control electrodes 57 and

paths 21 and. 23 have means for blec;‘{mg return 75 69 'The centrel dlseharee devices 33 and 57 are

‘When the transmitter .
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responsive: to. the plate outputs of the: multi-
vibrator 317, there being a connection from the

- anode 39 of the first multivibrator discharge.de-

vice. 35 to: the control electrode 5{ of the control

discharge device 39 and a connection from the

anode 61 of the second multivibrator discharge
~ device 37 to. the control electrode B3 -of the other

~control dischiarge device &f. The anodes: 43 and
45 of ‘the:two.control discharge devices. 39.and 44

are:. connected: to the two. TR. tubes: 33 and: 35
- through: current-limiting. resistors- 7{ and 13 as

shown,.
Referring-to Figures 2a- a,nci b of L‘qe d,ramng,
the patterns 181 and 183 represent: the reception

. lobes: and pattern. 185 represents the radiation
.. pattern for- transmission. This. configuration -

represents-simultaneous: transmission out of ’both

- of the antenna elements (one lobe: 105) and then
allernate reception. of- reftected energy by first

oneantennga; element {701 Ezs?and ;"thE"I.the :other
Clabes: {Gi; and 183). .
The angle A- which. t’le axes (67 and” {88 of

the.se directional reception:patterns 101 and: 183
each make with the axis. 14l of transmitted

energy: may: be: approximately- determined from
the physical disposition of the antenna elements
l-and. 19- with respeet to the vertex 26 of- the
- parabolic reflector (8. To achieve maximum

range, or radar sensitivity, it is: desirable that
30

angle A: be as small as: practicable st111 mam-
tammg lobe- separatwn |

' cal d1$p051tmn of the antenna ele—menhs I"I and I9
with respect to the vertex 26 of the parabolic: re-

~ flector- 15 (as was explained in. the preceding

paragraph), that is, by: utilizing a. reflector hav-
ing-a. larger or smaller focal distance. The gngle

A Would become smaller-if the- antenns elements

T and 19, which are:located at the focal point,
40

were. mounted: farther from- the- parabolic re-
flector 1$—In other words, if a reflector were
- used having a larger focal length. However; by
mounting the antenna. elements {7 and- {9 fur-
ther away. from the parabolic reflector (5, either

a.. larger diameter parabolic reflector- or- more

- dlrectwe feeds have to be-used. so as to prevent

loss of energy over-the edge of the dish. More-

over, even if space requirements would permit a

larger parabolic reflector, this would make the

receive. and directional sensitivity patierns {84,

103, 113. and {{5 more directive: (have a-smaller

beam width), and the cross-over level of the

 receive and directional sensitivity patterns 191

103, 113 and 115, which defermine radar sen- '

sitivity, would remain essentially constant: The
other alternative, more directive feeds: reauires
larger feed. apertures: angd, hence, wider feed
spacing. fmd when the feed-spacing 1@ ncreased;

the. beam sepa,ratmn of . the- reeeive and. dlr'ea_-_- |

10

15

20

29

39

50

tmnal sens1tw1ty patterns 184, 183, {13; and: 45

is..increased to, the.same- Value with: whmh wWe

- began. To. summarize, the- parabola size; the

focal length and. the feed. separation all have
an.effect.on the. cross-over- level of the patterns.
However; the. interrelations. between these vari-
ables is. such that-the. maximum. cross-over-leyel

using. two feeds. is-independent, of them. After

65 over-level at half power or 3 db down from the

peak.

60

- a.maximum has been attained, changing - one:of

the .variables necessitates a chanﬁe in:one of the
others which counteracts the effect; on the cross-
over level. In the:specific embodiment of our

mventmn &. primary. consideration: is making
- the feed apertures 28 and 29 as small as possible
SO. that. the effect on the aperture .of the refiector

15 wﬂl be negligible. The choice of plain wave-

75

- 6 _
guide feeds to attain this and :the:limitation: of
parabola diameter: completely  specify- all- other

dimensions: Therefore; the antenna: elements

[T and 19 have:their apertures:-28 and 29 respec-
tively: located-at the focal point 28 of the para-
bolic reflector (& and both-antenna: elements 17
and: 1§ have. thmr 31des clese tca the axis 25 of the
reflector 15.

The transmit pattern i85 represents the vari-
ation in amount.of energy impinging on a tareget
as a. function of its bearing. The' receiver pat-
terns. 101 and {03 in turn represent the amount
of - energy: which will he: picked up as a func-
tion of : the direction from: which energy comes.
Therefore, the patferns: of directional sensitivity

- 113 and 195, the energy picked up from- a target -

as. a . function of its bearing, is determined by the
proauct of the transmit-energy in- any direction
by the receive energy: in that direction—that is,
graphically: the product: of the patterns: |
‘The: directional sensitivity is graphically: the

product. of the patterns. In other words if the

received-intensity-is B/ ¢ and: the-transmit, T 24,
the-directional signal RT /6. The. vector: prod-
uct. would:- give RT /260: |

It should: be noted that if the: receive patterns
101 and 103: are separated by the angle 24, the
directional sensitivity lobes-118:-and- i-15- are sep-

arated by  only half this angle, assuming that

both transmit and receive patterns 105, 10§ and
[03: are identical in shape. This can be easily

- seen by -considering. the:point: of intersection- of
one receive pattern with:the transmit pattern.

For-angles greater or-less-than that correspond-
ing to this point, the  vector. determined by-one
patiern decreases. faster than the vector deter-
mined: by the other increases, so the maximum
product of directional sensitivity occurs at this
angle A/2or B.

Assume a target (§T is located in the direction
shown. A signal whose intensity is indicated by
the radius vector to the point 119 from point 121
ir the- direction (17 is received by the antenns
when operating in accordance with the right lobe:
A signal whose intensity is indicated by the radius

~ vector to: the point 123 is received by the antenna
‘When operating according to left-lobe: The dif-

ference between these two vectors determines the
error-signal, the indication of how far the an-
tenna structure 5 is pointing away from the tar-
get 111. The intersection point 125 of the two
directional sensitivity patterns 113 and 115 deter-
mines: both  (A) the intensity of the signal re-
turned. when- the-antenna structure % is on-tar-
get and (B) the rate of change of error signal as

‘g function of target bearing. We define (A) as
the radar sensitivity, the ability of the radar
equipment to: pick:up weak:signals. We define

(B) as:the errorsensitivity, the accuracy to which

the: antenna structure 5. may: be.pointed at.the

target; Changing-the-cross-over lever 12% will
1ncre&se one sen51t1v1ty at the expense of the

other. It is generally considered that the best
compromise between radar sensitivity and error

sensitivity-is accomplished:by having the cross-

We have found that in a system ac cording to

our invention in which the transmit lobe is main-

tained fixed and the receive-lohe is switched, the
maximum radar- sensitivity- is- attainable while
maintaining eifective directional'sensitivity: The
improvement in sensitivity over prior-art: systems

may. result:in an inerease-in' range: as high- as

20%.
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The operation of the apparatus ..Jhewn 111 Flg-
ure 1is as follows:

Energy is transmitted ocut of both entenna ele-_

ments T and 19. Then reflected or received en-
ergy is received on the lett feed or antenna ele-
ment (7 with the right antenna element (9

blocked by means of a TR tube 35 in conjunction
with the remainder of control means 6. XEnergy
is then again transmitted out of both antenna
elements 17 and 19. This time the left antenna
element {71 is blocked by means of the TR tube

33 in conjunction with the rest of control means

6 and the energy is received on the right antenna
- element 19,
peated receiving energy alternately on the left
and the rlght antenne elements !'H and A9 re-
spectively. o

This operation is continually re-

12,627,020
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Pulses from the megnetmn i3 spllt at the wave :

guide junction of transmission paths 21 and 23

fire all the ATR and TR tubes 38, 3{, 33 and 35
respectively, and then proceed out both feeds or
antenna elements 17T and {9 in phase to the
parabolic reflector i5. The energy is reflected off

the parabolic reflector 15 and forms the radiation

pattern 05 shown In Figure 2. Received signals

returning through these antenna elements {7 and

(3 are blocked from each other and from the '

transmitter means | by the ATR. tubes 39 and 21
and then proceed through the unfired TR tube
33 or 35 to the receiver means 3. The two TR

tubes 33 and 35 are alternately fired by means

of the multivibrator 37 and the two control dis-

cherge devices 39 and 41 so that after the trans- . |
mission of a pulse, received energy can reach the

receiver means 3 through only one of the trans- :
mission paths T or 8, the other path being blocked

by the TR tube 33 or 35. When the next pulse

2y
g

~ is transmitied the multrmbrater 37 trips and the -
conirol discharge device 39 or &1 which is made

conductive by the multivibrator 37 blocks the
transmission path T or 8 that had previously al-
lowed the transmission of received energy through
it and unblocks the other transmission path T
or 8 to the receiver means 3. Thus the reception
will be as shown by the twe lobes 8§ and ma 111
Figure 2.

- The multivibr etor is sueh the.t the outputs
 of the anodes 59 and 6i of the two dis-

- taken of

40

TR tube 323 or 35 will be fired thus blocking the
transmission of- energy m its trensmlssmn path

T or 8.

- It is to be understood by those skllled in the

art that any suitable transmitter or receiver

means 1§ or 3 can be used Wlth the eppare.tue
shown.

It is to be further understood by those skllled
in the art that any suitable multivibrator could
be used in the place of the one 37 shown. Varia-
tions in multivibrators might include swiiching
at some other time than at transmission, opera-
tion of discharge devices 39 and 41 for short pe~

riods of time to cover tergets within a 11m1ted

variation of range, ete.
- It is to be further understeed by t‘mse skilled
in - the art- that any suitable control means

~ could be substituted for the control dlsehel oe e~

vices 39 and 4§ shown..

It is to be further undelstood by those skilled

in- the art that any suitable blocking means

could be used in place of the ATR and TR tubes
39, 31, 33 and 35 respectively shown.

It is to be still further understood by those
ek_llled in the art that any suitable refiector can
be used in the place of the parabolic reflector

5 shown. The antenna elements {7 and {9 can

also, if desired, be located further apart, that

is a certain distance away from the focal lme

25 of the reflector 15. | |
1t is to be still further undelsteed by those.

skilled in the art that any other suitable type
of feed structure such as polyrods, slot antenna,

etc., may be used in the place of the plain wave
gmdes

Although we have shown end eescrlbed cer-

tain specific embodiments of our invention, we

are fully aware that many modifications thereof
are possible. ‘Cur invention, therefore is not to
be restricted except insofar as is necessitated by

~the prior art and b; the eplrlt of the eppended |

charge devices 53 and 31, forming a part. of the

multivibrator 37 are 180 degrees out of phase.
The multivibrator 37 is responsive to the output of
the trigger generator 8 and the control discharze
devices 39 and 41 are responsive to the outpuis
of the multivibrator 37. As a pulse is sent out
from the trigger generator 9 to operate the modu-
lator {1 and magnefron 13 for transmission pur-

50

o]
L]

peoses, a like pulse in phase with the pulse to the

modulator | { and magnetron {3 causes the multi-
~ vibrator 87 to trip in one direction or the cther.
Since the outputs of the multivibrator 37 are 180
deesrees out of phase, only one of the control dis-
charge devices 39 or &1 will conduct at any one
time. When the multivibrator 3i receives an-
other pulse from the trigger generator 9 the op-
posite discharge device 3% or 41 conducts. The

discharge devices 38 and &1 fire alternately, one

being in the fired condition all the time. Each
of the TR tubes 83 and 35 are responsive to the

output of one of the control discharge devices 39

or 41, 'Thus when cne of the control discharge
devices 39 or £{ is conducting the TR tube 33 or
39 that is responsive to. ifs ocutput will have bheen

fired serving to block the transmission of energy

in that transmission path T or 8. When the other
centrel dlscherﬂ'e 39 or 4! is coneue ting, the other

60
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70

claims.

We claim as our 1nvent10n |
1. A radio impulse system, cocmprising a trans-
mitter, a receiver, a concave reflector having a

- foeal point a pair of antenna elements substan-~ '

tially equally spaced from said focal point, each
of said antenna elements comprising a wave guide
having an aperture facing said reflector, a first
wave guide section connecting said trenenntter

to one of said antenna elements, a second wave

guide section connecting said transmitter to the

-other of said antenna elements, a third wave

guide section connecting said receiver to said first
wave guide section, and g fourth wave guide sec-
tion connecting said reeewer to seld secend Wave
gurde section. -

2. A radio 11'111:;11115e system, cemprlsme o, trens—

mitter, a receiver, a concave reflector having a -

focal point, a pair of antenna elements substan-
tially equally spaced from said focal point, each
of said antenna elements comprising a wave guide
having an aperture facing said reflector, g first
wave guide section connecting said transmitter
to one of said antenns elements, a second wave
gulde section connecting said transmitter to the

other of said antenna elements, a third wave

guide section connecting said receiver to said

first wave guide section, a fourth wave guide sec-
tion connecting sald receiver %o said second
- wave guide section,

chronized with said transmitter for e,lternetely

and control means syn-

blockme' SEtld th1rd end feurth wave gmde sec-
tions. .

_3. A radio impulse system, comprlsmg e-trens-'-



- mitter, a receiver, a concave reflector having a

focal point, a pair of antenna elements sub-
stantially equally spaced from said focal point,
each of said antenna elements comprising a wave
guide having an aperture facing said reflector,
g first wave guide section connecting said trans-
mitter to one of said antenna elements, a second
-wave guide section connecting said transmitter
to the other of said antenng elements, a third
wave guide section connecting said receiver to
said first wave guide section, a fourth wave guide
section connecting said receiver to said second
wave guide section, control means synchronized

- with said transmitter for alternately blocking

said third and fourth wave guide sections, and
means responsive to transmission of energy from
said transmitter for blocking said third and
- fourth wave guide sections while unblocking said
first and second wave guide sections. |

4, The invention in accordance with eclaim

- characterized by the part of said means re-

sponsive to the fransmission of energy from said
transmitter for blocking said third and fourth
wave guide sections being located one-half wave
length from the junctions of said first and third,
and second and fourth wave guide sections, re-
- Spectively, and by the part of said means respon-

2,627,020
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sive to transmission of energy from said trans-

mitter for unblocking said first and second wave
guide sections being located one-quarter wave
length from said junctions, respectively.

WILLIAM S. PARNELL.
JOHN W. TAYLOR, Jr.
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