
Nov. 4, 1952 K. L. PLUMMER ET AL 2,617,029 
NUTATING ANTENNA 

Filed June 29, 1948 w 3. Sheets-Sheet l 

N 

lity. It 

l 2 

ESSSIS 3 WrityIII 
SNSS is N 

N 3. s 
N N. 
N v. 

N Sir S. NNSO3 s O ISSEAL 
CN (629, 26 

s 

INVENTORS. 
KNSEY L. PLUMMER 
GILBERT WILKES 
-60 cél. - 

ATTORNEY 

  

  

  

  



617,029 2 K. , PLUMMER ET AL Nov. 4, 1952 
NUTATING ANTENNA 

3 Sheets-Sheet 2 Filed June 29, 1948 

Saya's 

INVENTORS, 
KINSEY L. PLUMMER 
GILBERT W. KES 

ua-Aca. 
ATToRNEY 

=[--^*®- · No.- - |----———————————------- 

(2z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z-zzzzzzzzz===================== 

  

  

  



O29 2,617 

3. Sheets-Sheet 3 

INVENTORS. 
KNSEY L. PLUMMER 
GBERT WILKES 

" ua-A2262. 
ATTORNEY 

K. L. PLUMMER ET AL 

NUTATING ANTENNA 

Nov. 4, 1952 

Filed June 29, 1948 

    

  

      

  

  

  

  

  

  

  

  



Patented Nov. 4, 1952 2,617,029 

UNITED STATES PATENT of FICE 
2,617,029. 

NJTATING ANTENNA 
Kinsey L. Plummer, Kensington, and Gilbert 
Wilkes, Chevy Chase, Md.; said Wilkes assignor 
to the United States of America, as represented 
by the Secretary of the Navy 

Application June 29, i948, Serial No. 35,776 
4. Claims. 

1. 
The present invention relates to a wave guide 

terminal producing a narrow beam of radio-fre 
Cliency radiation and to a nutator for said bean. 
More specifically it relates to a terminal for 

a Wave guide, Which may pass through a para 
bolic reflector to deliver energy toward the re 
flecting Surface from substantially a point at 
the focus of said reflector. 
An object of the invention is to feed the ra 

diant energy to the reflector in such way that 
after reflection a narrow beam, substantially 
free from Secondary lobes, is produced, and to 
provide means for causing nutation of said beatin, 
that is, causing its axis to describe a conical 
Surface. 

Another object which may be attained is a 
rotating unsymmetric beam in which a small por 
tion of the total energy may be fed unsym 
metrically to a side of the main beam to secure 
irradiation of a greater volume in space without 
Sacrificing the efficiency of the device. 
An important object is to provide such nutation 

by rotating a very Slightly bent or “sprung' ele 
ment that nevertheless is nearly perfectly dy 
namically balanced, wherein the nutation results. . 
from rotation about the axis of said parabolic 
reflector, and is due solely to variation in the 
direction of the energy reflection from a rela 
tively Small element carried at the end of said 
rotating member, near the focus of the concave 
reflector. 
Another object is to avoid loss of the energy 

that travels along the guide to said reflector 
element and then returns adjacent. said guide, 
in an out-of-phase relation, by interposing in its 
path a dielectric element that restores the proper 
phase relationship by adding just sufficient fur 
ther retardation to accomplish this object. 
Other objects and advantages of the inven 

tion in part will be specifically pointed out in the 
Specification and in part will become self-evident 
as the description of the invention proceeds. 
While the invention may be embodied in vari 

ous forms, a single apparatus involving what is 
at present believed to be the most satisfactory 
form, together withi a slightly different modifi 
cation, are Selected as the basis of this specifica 
tion and the drawings accompanying the same, 
Solely by Way of illustration, and not as a limi 
tation of the invention thereto. 
In the drawings: 
Fig. 1 is a Side elevation, partly in section 

in a vertical axial plane, of the essential struc 
tures of the apparatus; 

Fig. 2 is an axial Section, on an enlarged scale, 
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and partly broken away, through the feed mem 
ber, showing the dielectric insert as Well as the 
phase-shifting dielectric disk; 

Fig. 3 is a perspective view of the dielectric 
insert, on a slightly increased scale; 

Fig. 4 is a fragmentary detail section, in the 
plane indicated by line 4-A of Fig. 2; 

Fig. 5 is a fragmentary elevation, partly in 
axial section, of a slightly modified form of the 
apparatus; and 

Fig. 6 is an exploded view, showing the ele 
ments constituting the feed. 
Referring first mainly to Figs. 1 to 4 inclu 

Sive, and incidentally to Fig. 5 for certain de 
tails, the apparatus comprises a base i8 carry 
ing the reflector-support , in the form of a 
Spider, to which is secured the reflector 2, as 
by rivets 3 or other Stitable fastenings. The 
Support has a central opening A affording 
a free paSSage through the Support and the re 
flector. 
A tubular wave guide 5 of circular cross sec 

tion passes through the opening 4 and is coupled 
electrically with the adapter 6 through the 
chokes if and 8 as shown, the latter being of 
conventional design, namely, annularly grooved 
collars of proper dimensions for the wave length 
in use. It will be understood that the wave guide 
5 is mounted for rotation about its own axis, 

While the adapter 6 is stationary and usually 
has a rectangular shape at its remote end, merg 
ing into a circular croSS Section at the choke , 
to afford proper matching with the guide 5. 
The chokes are provided to permit rotation of 
the last-named guide. 
Such rotation is produced by any suitable 

means, such as a motor 9 having a mounting 
plate 29 Secured thereto, whereby it may be fas 
tened to the end Wall 2? by suitable means, such 
as the Socket-head screws. 22 indicated. A pro 
tective housing 23 preferably covers the motor 
and in turn further auxiliary apparatus 24, 
Such as a Speed measuring device for the motor, 
may be Supported by a second plate 25 secured 
to the other end of the motor 9, and may be 
protected by a casing 26. The said apparatus 
24, however, do not form a part of the present 
invention and hence are not further discussed 
herein. 
The entire assemblage, just described, is sup 

ported by the central hub of the spider II, as by 
a Suitable number of socket-head screws 23 and 
29, passing through the flange 27 and threaded 
into plate 30, or passing through plate 3G and 
threaded into the spider hub, as may be expe 
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dient. The plate 30, of course, has a hole 3 
alined With hole 4 of the spider hub, and re 
ceives the outer housing of an anti-friction 
bearing 32, here shown as a ball bearing whose 
inner member 33 is mounted on a sleeve 34, which 
in turn fits over the outside of the wave guide 
5, but is spaced radially therefrom. A spher 

ical, concave seat 35 is formed at the outer end 
of sleeve 34 against which fits the convex por 
tion of a bushing 36 which fits on and Supports 
the Wave guide 5 for rotation. With said sleeve, 
Adjustment is provided by the coacting spherical 
Surfaces, so that proper alinement of the axis of 
rotation of the Wave guide 5 may be obtained, 
ScreWS 37 serving to make and hold such ad 
justment. 
At the other end of sleeve 34 a second anti 

friction bearing has its inner member 38 sur 
rounding and Supporting said sleeve, the outer 
member 39 of the bearing being held in a cylin 
drical flange 40 of plate 2. A tubular spacer 4 
Surrounds the intermediate portion of sleeve 34, 
and abuts the bearing members 38 and 33. A set 
screw 42 is threaded radially through a flange 43 
at the end of the spacer 4, and serves to secure 
the spacer to the sleeve 34, to rotate therewith, 
This flange 43 in turn is secured to the side face 
of the web 44 of a gear 45, as by screws 46. 

Plate 20 is supported by the housing 47, which 
is silver-soldered thereto at 48 on the one hand, 
and to the plate 30 at 49 on the other hand. 
The motor f S has its shaft 50 connected to 

the shaft 52 of gear 53 by a suitable flexible 
coupling 5 as shown. Shaft 52 is carried in 
bearings 54 and 55 mounted respectively in plates 
56 and 30. An idler gear 57 connects gears 45 and 
53, by meshing with both. Preferably the idler 
57 is made of non-metallic material, while the 
gears 45 and 53 are made of metal, to secure 
Smooth running and minimize Wear. The idler 
57 may be mounted on anti-friction bearings on 
a stud 58. 
The parts So far described constitute mainly 

the mechanical portion of the apparatus, that is, 
its drive means, and admit of considerable vari 
ation without affecting the electrical features, 
which will now be discussed in detail, with ref 
erence more particularly to Figs. 2, 3 and 4. 
The wave guide 5 has a tapered, substantially 

frusto-conical intermediate portion 59, and a 
cylindrical end portion 69, said tapered portion 
thus constituting a transition zone between two 
cylindrical tubular portions. 
The actual source of radiant energy near the 

refiector focus can be considered as the Outer 
end of the metallic guide 5. To reduce aberra 
tions, this source should be as Small as possible, 
Without causing cut-off. By filling a guide with 
dielectric material, the dimensions of the guide 
can be reduced without causing cut-off. The 
preferred material is Du Pont “Teflon.' Poly 
styrene is also suitable. At the same time this 
dielectric can be extended to support the radi 
atting element. Guide 5 is therefore tapered 
down, as already stated, through section 59 to a 
cylindrical section 60 that firmly frictionally en 
gages the dielectric stem 6, So as to secure rigid 
mechanical support of the radiating-Surface ele 
ment 64. Stem 6 is provided with a taper at 62 
so that the radiant energy traveling in 5 passes 
without reflection into the restricted section 60 
thereof. The length of stem 6 and its taper 62 
can be adjusted to match out undesirable reflec 
tions of the radiating element, as is usual in Wave 
guide practice, to effect impedance matching. 

O 

5 

20 

25 

30 

40 

50 

55 

80 

65 

70 

75 

4. 
The head of the feed has a substantially 

Spherical Convex surface 64, facing the reflector 
f2. This is advantageous as it is found both by 
experiment, and by reasoning based on ordinary 
ray Optics, that such a Surface is necessary to 
Cause the rays emerging from the wave guide to 
produce a sharp virtual focus at a point beyond 
the reflector surface 65. The reflector surface 65 
may be plane and normal to the Wave guide axis, 
in which case nutation is obtained not by the 
properties of the head 61, but by deflecting the 
head 63 off center by means of screws 37, as 
shown in Fig. 5. Reflector surface 65 may be 
plane and tilted from the normal to the axis of 
the wave guide portion 6). This will cause the 
phase of the spherical Wave front emerging from 
Surface 64 to be lagged on One side and advanced 
on the other, and this type of surface provides 
nutation upon rotating the head 63 on the center 
of the reflector 2. Both of these nutations re 
semble that obtained by ordinary mechanical 
means, and show the Well known nutation side 
lobe in the main radiation pattern. It is well 
known that this side lobe can be traced to a de 
fective phase front coming out of the reflector 2, 
that is established as soon as the source or feed 
of such a reflector is displaced laterally from its 
focus. Such a defective phase front has received 
the name "coma' curve, and knowing the char 
acteristics of this curve for a given installation it 
is possible to cancel or rectify it by giving surface 
65 a proper curvature of opposite sign, as can be 
predicted by Ordinary ray optics. 'Lobeless' nu 
tation is then obtained. 

Furthermore, the theory of concave reflectors 
ShoWS that the phase and amplitude distributions 
over a reflector are approximated by the Fourier 
transforms of the patterns they set up in space. 
Knowing the expression representing a given 
non-symmetrical pattern it is, therefore, possible 
to compute the reflector distribution and phase 
functions that they require. These functions in 
turn permit the determination of the surfaces 64 
and 65 necessary to set them up. As an example, 
the configuration shown in Fig. 3 Sets up a pat 
tern in space about twice as heavy on one side 
as On the other. 
A more or less flat surface 65 has the objection 

that it reflects back, down the wave guide 60, a 
certain portion of the useful energy. This ob 
jection is overcome by the conical indentation 
66, which deflects the energy from the wave 
guide 60, into the outer portions of reflecting 
surface 65 so that no direct reflection occurs down 
the guide 60 back to the source. 

It is evident that a tilted plane surface 65 
would not provide a circular symmetric reflector 
irradiation. However, by displacing the indenta 
tion 66, the desirable Symmetric amplitude dis 
tribution can be reestablished, while still main 
taining the tilted phase front necessary for nuta 
tion. 
The diameter of the head 63 has a profound 

influence on the characteristics of the radiated 
pattern. To secure appreciable nutation and 
shaping of the pattern by means of the head, it 
is necessary to assign to it a diameter of the 
Order of, or greater than, a wave length. It then 
becomes possible for more than one mode of oscil 
lation to exist in it, and the proper focal length 
of matching stem 6 become critical to small 
frequency variations. Indentation 66, if deep 
enough, tends to limit the number of oscillation 
modes possible, by impeding the group of trans 
verse electric modes, and favoring the transverse 
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magnetic modes. The latter are desirable, in 
that they are circularly symmetric, and feeds 
having either a deep indentation 66, or a rela 
tively small diameter of head 63, show better cir 
cular Symmetry than other types of feeds used 
heretofore, while they are less frequency sensi 
tive than feeds with a larger head 63. In the 
design of the head 63 the desirability of relative 
freedom from frequency response must be bal 
anced against the ease of obtaining the desired 
nutation by means of the shape of head 63. 
Surface 65 is silvered or aluminized or made 

conductive in any other way, to Secure good re 
flecting properties. A protective metal cap 67 
fits over this surface 65, and preferably is in close 
contact therewith. Cap 67 has a flange 68 which 
surrounds the head 63, and is Secured thereto by 
crimping or by press-fit. The central pit 66 is 
occupied by a metal projection 69 of a correspond 
ing shape, on the cap 67, and this projection is 
threaded to receive the screw 70, which serves to 
hold a dielectric disk to the outer flat surface 
of the Cap. 
The Small dielectric disk Secured to the front 

of the head assists in preventing the loss of radi 
ation from the head. It is the Subject of a co 
pending sole application by Gilbert Wilkes, one 
of the present joint inventors, Serial Number 
15,376, filed March 17, 1948, for “Back Radiation 
Reflectors for Radar Feeds.' 
A bushing 72 is secured to the Outer Surface of 

the Wave guide 3, as by Soldering, brazing or 
welding 73. This bushing has at one end a radial 
flange 4 and has a threaded portion 5 upon 
which may be screwed a disk 6 of dielectric ma 
terial, for example, one of those already men 
tioned. A cover 77 having a flange 73 fits into 
the central opening 79 of the reflector 2. This 
cover has an opening 80 which permits passage 
of the wave guide 5, but does not touch it, and 
has mainly the purposes of providing a continu 
ation of the reflector 2 and of preventing the 
entrance of foreign matter. 
While Figs. 5 and 6 illustrate a modified form 

of the invention, many of the mechanical features 
are identical with those of Figs, 1 to 4. These 
mechanical features, such as the gearing, the 
bearings and the sleeve 34 have already been de 
scribed. The structures of Fig. 5, with the ex 
ception of the dielectric lens carried in the wave 
guide 5, are in fact entirely identical with those 
of the preceding figures, but in Fig. 5 the wave 
guide 5 has been intentionally bent slightly, SO 
that instead of rotating in centered relation to 
the axis of the two bearings, its outer end now 
describes a circular orbit about said axis, that is, 
nutation results. 
This permits use of a symmetrically constructed 

dielectric lens, shown, partly in dotted lines, in 
Fig. 6. This means that the outer end face of 
the dielectric lens 6 is a plane Surface instead 
of a doubly-curved surface of the type shown in 
Fig. 3. Electrically, these two give similar results, 
the nutation with the Fig. 3 lens being obtained 
by pure rotation of a non-Symmetrical Surface 
While the Fig. 6 form requires actual mechanical 
nutation of the lens, such as is provided by 
“springing' the wave guide 5 slightly out of 
alinement between its bearings. This is accom 
plished readily by uneven adjustment of the 
screws 37, whereby the bushing 36 has its axis 
turned to make a slight angle with the axis of 
the bearings, as indicated in a somewhat exag 
gerated degree in Fig. 5. 
The operation of the nutator is very simple, and 
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6 
consists merely in rotating the wave guide? 5, and 
the structures carried thereby, about the reflector 
axis by means of the motor 9, through the gears 
53, 5 and 45. 

In some installations, the focal distance of the 
parabolic reflector is limited by mechanical con 
siderations. To irradiate properly such a reflector 
requires a feed of wide-angle irradiation, which 
is not readily obtainable with usual feeds. On the 
contrary, with the present unit, the desired angle 
of irradiation is readily obtained by adjusting the 
diameter and shape of the head 63, and the shape 
and depth of the indentation 66. 
A further part of this invention concerns the 

disk S. Some radiant energy travels along the 
outside of the Wave guide 5 and this energy will 
be out of phase with that traveling at a further 
distance from the guide, and hence ordinarily 
either would be wholly lost, or would provide an 
erratic component of the main radar beam and 
thus produce lobes. This energy is here likewise 
reflected toward the reflector, and will strike the 
central region thereof. 
The dielectric disk S is provided, to shift the 

phase of this energy, to make it agree With that 
of the main radar bean. ASSunning a 90 elec 
trical lag in the energy in traveling outward 
along guide 5, and an additional 90' lag in its 
return, the disk 6 should also produce a 90° lag 
so that in its entire journey out and back ad 
jacent to the wave guide, and twice through said 
disk, said energy will have fallen behind by 360°, 
that is, it will be in phase again after loss of one 
full cycle, and hence Will be added to the main 
beam in step therewith. 

It will therefore be evident to those skilled in 
the art that the present invention provides a 
flexible means for choosing the best reflector ir 
radiation and phase function to fit any given 
reflector and pattern requirements. This permits 
generally increasing the gain of radar reflectors 
from the present value, while retaining at all 
times the desired substantially fixed polarization 
of the beam. Where a circularly symmetric re 
flector is used, nutation is obtained by a simple 
rotation of the head. With good quality dielec 
trics, of types now available, heating is negligible 
at the highest powers obtainable, and arcing does 
not occur in Well-designed units. This is a con 
siderable advantage from a practical standpoint, 
a.S available Sources of R. F. energy have now 
exceeded the capacity of the usual metallic feeds 
in the micro-wave spectrum. 
As a result of all the dielectric elements pro 

vided, a considerable increase of the useful energy 
of the beam is obtained, efficiencies up to 50% 
higher than those heretofore customary having 
been Secured with receiving meters matched to 
the particular antennae used. The beam is also 
remarkably free from the undesirable side-lobes 
that formerly consumed useful energy and pro 
duced confusion. In general the radar antenna, 
functions also as a receiver, so that the antenna 
and receiver are automatically well matched one 
to the other. With improvements in single way 
transmission of this order, the actual practical 
gain or increase in range of a radar set becomes 
appreciable. 
While the form of the invention at present 

preferred has been disclosed in detail, and several 
modifications have been described or suggested, 
it is to be understood that numerous other em 
bodiments are possible. Therefore the present 
invention is not limited to the specific features 
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disclosed, but is defined solely in and by the 
following claims. 
What is claimed is: 
1. In a nutator, a concave reflector, a tubular 

wave guide substantially coaxial therewith, ad 
justable means for bending a portion of Said Wave 
guide slightly off the axis of the reflector, means 
for rotating said guide about the axis of the re 
flector, means for introducing signal energy into 
said wave guide from the convex side of the re 
flector, and a dielectric plug in the bore of Said 
guide at the concave side of the reflector, Said 
plug and the adjacent portion of the wave guide 
being oppositely tapered to effect impedance 
matching to each other, said plug having a head 
extending radially beyond the bore of the Wave 
guide, said head having a conductive surface at 
its outer end, to reflect signal energy to the con 
cave face of the reflector. 

2. A nutator as defined in claim 1, wherein the 
said conductive surface has a central projection 
thereon directed toward the concave reflector to 
modify the reflective effect of said conductive 
surface. 

3. A nutator as defined in claim 1, wherein said 
head has a convex face facing the concave face 
of the concave reflector. 

4. A nutator as defined in claim 1, wherein 
there is additionally provided a dielectric disk 
surrounding said wave guide portion and posi 

20 

8 
tioned between said concave reflector and said 
head and relatively closer to said concave reflector 
than to Said head. 

KINSEY L. PLUMMER. 
GILBERT WILKES. 
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